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Introduction 1

1 Introduction

1.1 General features of the genudacaranga Thou. (Euphorbiaceae)

Macaranga is a genus of paleotropical trees, treelets arelydianas, which comprises 257
dioecious species. Many species are conspicuoge-laafed pioneers (Whitmore 2008).
Habitats include forest understorey and completpgn scrub vegetation, canopy openings in
primary and secondary forests, early successiamasf communities and logged forests (Slik
2001). Macaranga is distributed from West Africa eastwards to FijVhitmore 1969). The
genus’ diversity centres are on the islands of Borand New Guinea, where almost half of
the species occur (Whitmore 2008).

Macaranga species exhibit enormous morphological diversitten® can be glaucous or
glabrous, hollow or solid, between 4 and 30 metaitsand from 8 to 65 cm in diameter at
breast height (dbh). Leaves vary hugely in size mway be simple or lobed and are often
peltate (see Figure 1-1Macaranga shows differently shaped stipules from small and
narrowly triangular, to large and ovate and somesimecurved (see Figure 1-2) (Slik 2001).
Staminate and pistillate inflorescences consistusherous small and inconspicuous flowers.
Main pollinators ofMacaranga are thrips, followed by bugs and other insects ¢iyl@002).
Many Macaranga species flower episodically, few continuously (Desvi& Ashton 1999,
Moog 2002, Moog et al. 2002, Howlett & Davidson 3R0The often colourful arilli of the
seeds indicate, that fruits are eaten by birdsléRid930). Small mammals are supposed to
aid with the dispersal dflacaranga fruit (Whitmore 1969), furthermore seeds are somes
ballistically dispersed (Davies 2001).

Many Macaranga species live in association with ants from the ger@& ematogaster and
Camponotus (Fiala et al. 1989). Within the genbdacaranga different types of ant-plant
mutualisms exist. The genus comprises the full eafigm species not ant-inhabited, but
myrmecophilic, to occasionally colonised species] # obligate ant-plants. Some species
produce food bodies mostly under the stipules;rstheovide extrafloral nectaries for the ants
(Fiala et al. 1999).

1.1.1 Systematic classification of the genus

Macaranga belongs to the flowering plant family Euphorbiacelaecurrent molecular studies
this family has been placed in the core eudicotsh& order Malpighiales (Bremer et al.
2009). Within the Euphorbiaceae the geMecaranga is placed in the tribe Acalypheae in
the subfamily Acalyphoideae (Webster 1994, Wurdztcid. 2005).

The genusMacaranga appears as a monophyletic group (Blattner et @12 Slik & Van

Welzen 2001, Kulju et al. 2007). Kulju et al. (20Gshow thatMallotus sensu stricto is a
sister group oMacaranga and thatMacaranga is embedded ifMallotus sensu stricto and
Cordemoya sensu lato. According to Whitmore (2008) the geklasaranga is organised in
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M. tanarius

Figure 1-1. Peltate leaves of five species Mbcaranga, clockwise from upper rightM. tanarius,
(peltate not lobed, under surface glabrous to wehmiry, gland-dotted)M. bancana (peltate, 3-
lobed, seedlings not lobedl. winkleri (peltate, not lobed, basal veins usually at ad®#hore angle
with the midrib),M. hosei (deeply cordate to peltate, 3-lobed) Amdgigantea (shallowly to deeply 3-
lobed, very large, up to 50 by 50 cm).

M. hosei

M.tanarius | ¥/
.r

Figure 1-2. Stipules of four species dflacaranga, left to right; M. bancana (stipules recurved,
completely surrounding the twigs, usually refd),winkleri (erect stipules conspicuously longer than
wide and red)M. tanarius (erect and persistent stipules, green to reddistiM. hosel (stipules erect,
persistent, surrounding the twigs, apex rounded).
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four sections Rachystemon, Pruinosae, Winklerianae and Pseudorottlera) and 14 informal
species groups.

1.1.2 Ant-plant associations

Myrmecophytes, in the definition of Warburg (1893)e plants that form some sort of a
steady and regular relationship with ants. He frrthlassified the myrmecophytes into plants
offering food (myrmecotrophic) or lodging (myrmeawdic) or both (myrmecoxenic).

In current usagenyrmecophytesare Warburg’s myrmecodomic plus myrmecoxenic glant
that are permanently inhabited by specialised alinges, which protect their hosts against
herbivores and climbers. For reviews see DavidswhMckey (1993) and Heil and McKey

(2003). Myrmecotrophic plants sensu Warburg areectity calledmyrmecophiles (Webber

et al. 2007). They only attract ants from the vitgiby offering food. Especially in the case of
plants with extrafloral nectaries, the visiting suprotect the plants (Bentley 1977, Koptur
1992).

As a term for the other half of the plant-ant agstmn has been lacking, Quek et al. (2004)
introduced the term ‘phytoecy’ to denote the olikgéifelong inhabitation of live plant
cavities.

Myrmecophytes have evolved in diverse tropical pléineages, such a#cacia and
Leonardoxa (both Fabaceae). Extensive radiations occur, famgte in the neotropical
generaCecropia (Cecropiaceae) antbcoca (Melastomataceae), both with approximately 40
myrmecophytic species (Davies 2001). The systetheopioneer specig3ecropia associated
with ant species of the genAgteca is ecologically very similar tdacaranga. For a review

of neotropical ant-plant associations see Olivaimd Freitas (2004). The only genera known
from the oriental tropics showing a prominent rédia are Macaranga and Neonauclea
(Rubiaceae) (Blattner et al. 2001, Razafimandimbestoal. 2005).

1.1.3 Myrmecophytism in Macaranga

In western Malesia there are 30 myrmecophyiiacaranga species, belonging to three
sections. The most species-rich sectidRashystemon which includes about 25 species, 23 of
which are myrmecophytes. SectiBruinosae consists of nine species (Whitmore 2008), five
of them are myrmecophytic (Quek et al. 2004). ®actinklerianae comprises only two
species, both are myrmecophytic (Whitmore 1975).tkmn ant side, at least eight distinct
(morpho)species ofCrematogaster, subgenus Decacrema, were found to colonise
Macaranga myrmecophytes (Fiala et al. 1999, Feldhaar et @LO® one norbecacrema ant
and three species @amponotus (Maschwitz et al. 1996).

Young Macaranga seedlings are first colonised when they are onbualdiO cm tall. By then
they have only one internode suitable for colomsefFiala 1996).
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After their mating flight, ant queens search foruanoccupied plant. They recognise the host
species by surface structure and volatiles (Jurgeas. 2006). When an unoccupied plant is
found, ant queens shed their wings, chew an erdrate into an internode, seal it from
inside and start laying eggs. When the workers gentrey reopen the entrance or chew new
holes (Fiala et al. 1999).

In the genuMacaranga different types of ant-plant association occure3dwill be explored
in the next section.

1.1.4 Different types of ant-plant associations in the geus Macaranga

In the genudMacaranga food is offered to the ants by extrafloral nedsyifood bodies and
honeydew: Extrafloral nectaries are nectar-seayajlands that are not involved in pollination
and can play an important role in a plant’s defesxg&inst herbivores (Heil et al. 2001a). In
Macaranga tanarius they are located on the upper part of the leafldland on the leaf
margins (Heil et al. 2000).

Food bodies are small epidermal and subepidermattstes with different shapes. They
contain carbohydrates, lipids and proteins. Foodlyharoduction in myrmecophytic species
(see below) is usually concentrated on protectets jpd the plant, such as recurved stipules,
while in non-myrmecophytic plants food bodies ds® affered on leaves and stems (Fiala &
Maschwitz 1992). In myrmecophytMacaranga species ants feed on honeydew excretions,
produced by sap-sucking scale insects (Hemiptevecd@idea) (Ueda et al. 2008).

1. Myrmecophytic Macaranga species

The ants live mainly on food bodies and on honeygeoduced by scale insects, while
extrafloral nectaries do not play a role in modigate myrmecophytes. The ants find shelter
in the stem oMacaranga. In exchange for the provision of food and nessiigs (domatia)
the ant-partners protect their plants against coitigpe by climbers and damages by
herbivores (Fiala et al. 1989) and also againggdlimfection (Heil et al. 1999).

The degree of specificity of the colonisation ig4 absolute and varies between species on
both sides (Fiala et al. 1999).

Two types of obligate myrmecophytes are distingetish
a) obligate myrmecophyticMacaranga species (typel)

These plants offer nesting space for ants insiddrtternodes, which become hollow due to
the degeneration of the pith. Myrmecophytes dosuotive in the absence of the ant partner
and specific ant partners have never been fountingesutside their plants, suggesting that
both partners are highly dependent on each otheit @tlal. 2001b)Macaranga winkleri and

M. winkleriella are obligate myrmecophytic species type 1.
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b) obligate myrmecophytic species (type 2) previolyscalled transitionals (Fiala 1996)

The stem interior of these species does not betmit@vy by itself. The ants have to excavate
the rather soft pith, forming internal cavities.t€f plants are only partly colonised and
sometimes the plants are not inhabited at all. i8peaf this type occur mainly in section
Pruinosae (e.g.M. pearsonii, M. hosei andM. pruinosa).

2. Myrmecophilic Macaranga species

These plants are not colonised by ants, but vifited variety of different ant species (Fiala et
al. 1994). The plant attracts the ants by offefimag in the form of extrafloral nectaries and
food bodies. Stems are never inhabited by ants yrmmcophilic plants. Common
myrmecophilic species afd. tanarius and M. gigantea (Fiala 1996).Macaranga tanarius,

for example, attracts a variety of different ant@ps by extrafloral nectaries and food bodies
(Fiala et al. 1994) and is defended by the antsahdr food-body-collecting and nectary-
visiting insects against herbivores (Heil et al028).

3. Species with myrmecophytic and non-myrmecophytiplants

In M. caladiifolia, in contrast to other myrmecophyacaranga species, the colonising ants
usually do not need to bite holes into the inteaspdsince they split open by themselves
through growth processes of the plants. Colonisintg are facultative for the plant and are
non-specific (Fiala 1996).

1.2 Objectives of the study

This study is part of a broader project togethéhwhe University Kassel and the University
Wairzburg that aimed to investigate speciation meisnas inMacaranga ant-plants and their
co-evolution with the corresponding ants. The idlahBorneo was chosen as the main study
region, since it is one of the genus’ diversity Bpots (see Figure 1-3). Analyses of genetic
differentiation for myrmecophytic and non-myrmecgpt Macaranga species from two
myrmecophytic sectionsPéchystemon and Pruinosae) were conducted at the University
Kassel, in the working group ‘Systematics and Moipgy of Plants’. Genetic differentiation
of the corresponding ants was analysed at the thityeNUurzburg, working group ‘Tropical
ants and plants’.

Phylogenetic trees based on sequence analyseseohutlear ribosomal DNA internal
transcribed spacer (ITS) showed that myrmecophgtesmainly restricted to two clades,
which correspond to sectioRachystemon andPruinosae (Blattner et al. 2001, Davies 2001).
SectionPachystemon comprises 23 myrmecophytic species and se®raimosae five. High

sequence similarity within these two sections watected, more pronounced still in
Pachystemon. This lack of genetic differentiation, which is iordrast to morphological and
ecological differences, can indicate a rapid andtixely recent radiation oMacaranga
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species of these sections (Weising et al. 2010xoMmrast to this, sectiowinklerianae is
comprised of only two species, both of which arermmgcophytic (see below). A possible
mechanism that could have triggered radiation®atiensPachystemon andPruinosae is the
myrmecophytic trait, raising the question of why signs of an ongoing radiation could be
detected in sectioMinklerianae (Blattner et al. 2001). Since in myrmecophy¥acaranga
both partners, the ants and the plants, do not mnattuthout their specific symbionts,
Macaranga seeds, germinating too far away from the next@®wiff the specific ant partner
cannot establish a new population. When populatimwme dissected due to geographical
or climatic changes, this limited effective dis@rability might lead to genetically isolated
populations. Thus, the obligate association withsaoould have triggered allopatric
speciation. Assuming that this hypothesis of alilopa&peciation is true, a reduced gene flow
among populations of myrmecophytic species compaiidéd those of non-myrmecophytic
species would be expected. These reduced levelgené flow would lead to a more
pronounced population substructure. The detectiothis substructure is expected to be
measurable on a large geographical scale, in phatiovhen geographic barriers, e.qg.
mountain ranges, separate populations. Chloropkstsgenerally inherited maternally in
angiosperms (Conde et al. 197895 only seed-mediated gene flow is expected to be
influenced by the proximity of the partner ant, aren pronounced difference between

80 100 120 140

Figure 1-3.Geographical map, giving an overview of the stratyion.
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myrmecophytes and non-myrmecophytes is expectedhen chloroplast than in the
biparentally inherited nuclear loci.

For sectionPruinosae, which is comprised of non-myrmecophyMacaranga gigantea and
several myrmecophytes, a comparative analysis waslucted using both chloroplast
sequences and nuclear microsatellites. For the rmpmecophytic M. gigantea and the
myrmecophyticM. pearsonii the analysis revealed not only comparative levélgenetic
diversity in the microsatellite analysis, but aEsaimilar number of chloroplast haplotypes
(Guicking et al. 2011). Therefore, for these spetie allopatric speciation hypothesis could
not be supported. Also for analyses in secRachystemon the allopatric hypothesis could not
be supported (Guicking et al. in preparation).

A third section,Winklerianae, (Davies 2001) with ambiguous monophyly (Blattretral.
2001, Banfer et al. 2004, Kulju et al. 2007) corsgsi only two myrmecophytic species,
M. winkleri andM. winkleriella. These two species are investigated in this study.

Macaranga winkleri is endemic to Borneo. It was sampled from vari@esiions in Sarawak,
Brunei and Sababh.

Assuming seed dispersal via birds, the ants areat@g to surpass shorter dispersal distances,
therefore dispersal via seed to new areas, whereatih is not present cannot lead to the
establishment of the plant. Seed dispersal frompmpilation to another population, where
M. winkleri, and thus the colonising ant is present, howevgrossible. The dependence of
the plant species on the ant species and the irgslihited effective dispersal ability might
lead to genetically isolated populations when pafohs become dissected by geographic
changes. Thus, a reduced seed-mediated gene flawdvbe expected, leading to a more
pronounced population substructure in  myrmecophyht winkleri than in non-
myrmecophytidM. tanarius reflected in the chloroplast data (see below).

The main pollinators oM. winkleri are thrips from the tribe Tubulifer&¢oheegeria spec.)
and Terebrantia (mainly gend#rips) (Moog 2002). Assuming a restricted pollen-mediate
gene flow due to short flight distances of theselsmollinators forM. winkleri, a clear
geographic differentiation is expected for the paclSSR data.

Macaranga winkleriella is endemic to a limestone area in northern Saraaaikuch smaller
region than the distribution area M. winkleri. For M. winkleriella, low genetic diversity in
both the chloroplast and the nuclear DNA could kpeeted, since small populations are
strongly affected by genetic drift and furthermanefewer individuals also less new alleles
originate. Higher genetic diversity could then tate thatM. winkleriella is a formerly more
widespread species with a larger population siaeghrank back to its current habitat. This is
however, not very probable because the speciesoisirtgy on limestone only and is thus
restricted to this rare habitat in Borneo.

Alongside M. winkleri and M. winkleriella a third Macaranga species was included in this
study, M. tanarius, belonging to th&anarius group (Whitmore 2008). This species is a non-
myrmecophytic species. It is myrmecophilic, i.eisihot colonised by ants, but attracts them
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by offering food. The ants protect the plant froerbdivores.Macaranga tanarius is a highly
abundant pioneer tree, found in disturbed to vestutbed vegetation and even in the
outskirts of towns. In such a successful pioness &#lso good dispersal abilities are expected.
Good seed dispersal abilities, which are not st by the necessity to co-disperse with an
ant partner, or disperse to regions where thesaateéady present, should be reflected by high
levels of gene flow and low genetic differentiatemmong populations for the chloroplast data.
Gene flow via pollen can be assessed by nuclearosdtellites, which are inherited
biparentally. Due to the relatively large size loé pollinating flower bugs, elevated amounts
of pollen-mediated gene flow is expected and, floeee a low genetic differentiation between
populations oM. tanarius.

For M. tanarius individuals from Borneo and Malay Peninsula arsrgenetic differentiation
is expected in both the chloroplast and microstdeltata, as the individuals are
geographically separated, and thus evolving inracae.

For all species a young age and/or a recently goder population bottleneck, would be
reflected by generally low levels of genetic divisraind probably low geographic structuring
in both the chloroplast and the SSR data. A highpte of colonisation would be reflected by
the occurrence of the same haplotypes or gengtibajhly similar haplotypes over a broad
geographical range.

Previous studies have provided evidence that tbgebigraphy of plants and animals on
Borneo is influenced by the occurrence of a centralintain range, dividing Borneo into a
southeastern and a northwestern fRénfer et al. 2006, Raes et al. 2009). To themtiris
range runs into the Crocker Range (see Figure 271&® Crocker Range is expected to act
also as a geographic barrier to dispersaMowinkleri andM. tanarius. Due to the assumed
limited effective dispersal ability of myrmecoplyM. winkleri the barrier is expected to act
stronger on this species than on non-myrmecopti@narius. FurthermoreM. tanarius is
found up to higher elevations th&h winkleri (2,100 vs. 1,800, respectively), facilitating the
dispersal across the barrier.

While palynological and geological evidence indésathe confinement of the rainforest to a
number of refugia during the last glacial maximwnthe southwestern parts of Borneo, for
Sabah a persisting rainforest is assumed (Gathdandy et al. 2002). Since populations in
the southwest underwent genetic bottlenecks whilgabah the rain forest persisted, a higher
genetic diversity is expected for this region coredao Sarawak/Brunei for bot¥. tanarius
andM. winkleri.



Introduction 9

Hypotheses

The following hypotheses are developed based orateg seed and pollen dispersal abilities
and the myrmecophytic vs. non-myrmecophytic trathe species under study.

1) For M. winkleri a limited effective dispersal ability is expectagedo the dependence on
the ant species and, as a result, a pronouncedgbopusubstructure, especially in the case of
geographic barriers.

2) For M. winkleri restricted pollen-mediated gene flow is expectate tb assumed short
flight distances of the pollinating thrips. Thusclaar geographic differentiation is expected
for the nuclear SSR data.

3) ForM. winkleriella, low genetic diversity in both the chloroplast ahé nuclear DNA is
expected, since small populations are affectechgaoby genetic drift and also less new
alleles originate.

4) For M. tanarius, as a successful pioneer tree good seed dispagdies are expected.
Good seed dispersal abilities, which are not sl by the necessity to co-disperse with an
ant partner, or disperse to regions where thesaatéady present, should be reflected by high
levels of gene flow and, thus, low genetic diffdr@ion among populations.

5) For M. tanarius, elevated amounts of pollen-mediated gene flowexgected due to the
relatively large size of the pollinating flower lmignd, therefore, a low genetic differentiation
between populations, which should be reflectecheySSR data.

6) The population structure for myrmecophytM. winkleri is expected to be more
pronounced than for non-myrmecophy¥ctanarius.

7) The Crocker Range is expected to act as a geloigraarrier to dispersal, acting stronger
on myrmecophytiovl. winkleri than on non-myrmecophytikl. tanarius due to the limited
effective dispersal ability d¥1. winkleri.

8) For theM. tanarius individuals of Malay Peninsula and Borneo highelsvof genetic
differentiation are expected in both the chloroptasl SSR data, due to vicariant evolution.

9) Due to the long-term persisting rain forest ab&h, a higher genetic diversity is expected
for this region compared to Sarawak/Brunei for bbthtanarius and M. winkleri in the
microsatellite and chloroplast data.
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Figure 1-4.A) Peltate leaves dfl. winkleriella B) stipules oM. winkleriella (photos: Brigitte Fiala).

Figure 1-5. A) Macaranga winkleri colonised by its specific ant and characteridijoutes B) Leaves
of M. winkleri C) Staminate inflorescence BF. winkleri D) Typical habitat oMacaranga species E)
M. winkleri tree with adult in picture for scale K). winkleri in a gap in primary forest G) Fruits of
M. winkleri H) UninhabitedM. winkleri individual, showing herbivore damage and a climaethe

stem.
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1.3 The species under study

Macaranga winkleri Pax & K. Hoffm. (section Winklerianae)

Macaranga winkleri is a tree measuring up to 15 m, with a dbh ofm8Eigure 1-5 E). The
stem shows smooth and hooped bark, which is rengigreen at maturity. Stipules are
narrowly ovate with a long finely acuminate apexl &%-25 x 8-13 mm (Figure 1-5 A). The
twigs are hollow and strongly angular when they yoang. Leaves are peltate and ovate
(Figure 1-5 B). The basal veins usually form anlarmg 90 degrees or more with the midrib
(Slik 2001). Staminate and pistillate inflorescenaee branched (Figure 1-6 C). Male flowers
are 1 mm long and female flowers are 1-3 mm longit$ of M. winkleri are bilocular and
small (2-2.5 x 3-4 mm), the aril is fleshy and eio(Figure 1-6 G). Seeds have a diameter of
1.5 mm and are black (Whitmore 2008)acaranga winkleri is an obligate myrmecophyte
type 1. Thus, the plant cannot survive withoutsp&cific ant and vice versa. Figure 1-5 H
shows an example of an uninhabitdddwinkleri individual, which already shows evidence of
damages by herbivores and a climber growing ardbadstem. TheCrematogaster partner
ant of M. winkleri, morphospecies (msp.) 8 (which does not belong bgesusDecacrema)

and its host are endemic to Borneo (Fiala et #9)1.9Both sides of this relationship seem to
be extremely specifidMacaranga winkleri was never found colonised by another ant species
and Crematogaster msp. 8 occurred only very rarely in saplings ofentllacaranga species
but never in larger plants.

Macaranga winkleri can be found at elevations of up to 1,800 m, ipsga the primary
(Figure 1-5 F) and secondary forests, includingy\disturbed forests after fire. It is often
found along forest edges (Figure 1-5 D), the s@fe®ads and rivers and on land slides (Slik
2001).

Macaranga winkleriella Whitmore (sectionWinklerianae)

Macaranga winkleriella is a tree or treelet that grows to ca. 4 m tathva dbh of 7 cm.
Leaves are as iM. winkleri peltate and ovate Figure 1-4 A. Stipules are Wyoadate and
recurved and smaller than M. winkleri (4-6 x 4-6 mm) Figure 1-4 B. Staminate and
pistillate inflorescences are branched. Male fl@name 0.75 mm long and female flowers are
2 mm long. Fruits oM. winkleriella are also bilocular and slightly larger than thatéwof

M. winkleri (3 x 4.5-5.5 mm), the colour of the fleshy arilnst verifiable. Seeds have a
diameter of 2-2.5 mm (Whitmore 2008Ylacaranga winkleriella is an early successional
species found in disturbed sites in primary andseéary forests. It is found growing on
limestone in a very narrow distribution range, ngmdulu in Sarawak (Whitmore 1974).
Macaranga winkleriella, like M. winkleri, is an obligate myrmecophyte type 1 and colonised
by Crematogaster msp. 8, a nomecacrema species(Federle et al. 1997, Fiala et al. 1999,
Federle et al. 2001).
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Macaranga tanarius (L.) Mull.Arg. ( Tanarius group)

Macaranga tanarius is a shrub to small tree of up to 15 m tall witbld up to 20 cm (Figure
1-6 B). The stem is straight with smooth, hoopexk laamd red latex. Twigs are solid. Leaves
are ovate and peltate (Figure 1-6 C). Stipulescaget, persistent and green to reddish (Slik
2001), (Figure 1-6 F). Staminate and pistillatéordscences are variable (Figure 1-6 D). Both
male and female flowers are subtended by bractseosame range, not more than 5 mm,
while the female bracts are longer than the malactbr (1 cm vs. less than 5 mm,
respectively). Fruits are sticky and bilobed, ud@mm across by 6 mm tall with numerous
long slender processes emanating from the uppérnfAigure 1-6 E). Seeds are round and
verrucous (Whitmore 2008Macaranga tanarius is distributed from India and southern
China to Australia and New Guinea. The speciesrgccuelevations up to 2,100 m, usually
in very disturbed vegetation, often along roadg(fé 1-6 A) or streams. It is found on clay
loam, sandy and sandstone soils (Slik 20Mgcaranga tanarius is a myrmecophilic species
as mentioned above, visited by various ant speaespecialisedCrematogaster spp. being
the most abundant (Fiala et al. 1994).

Figure 1-6.A) Typical habitat oM. tanarius B) M. tanarius tree habitus CM. tanarius leaf with size
comparison (photo: Nicolai Nirk) D) Staminate inflscence oM. tanarius (photo: Birgit Schafer)
E) Fruits ofM. tanarius (photo: Daniela Guicking) F) Stipules lgf. tanarius.
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1.4 Geological evolution of the Sunda Shelf

For the discussion of the biogeographical histdrhe species under study the more recent
geological evolution of the Sunda Shelf has to &mesaered. The Malay Peninsula, Borneo,
Java and Sumatra lie on the shallow continentatl&@helf. By the early Pliocene (-5 Mya)
the Sunda Islands connection among the islanddviahaly Peninsula had disappeared or had
been reduced to narrow corridors. In the Pleistecéme Sunda landscape was again
transformed when glacial cycles caused sea-levelrdp repeatedly, exposing areas of the
Sunda Shelf and creating land bridges. These lamjds reconnected formerly isolated
regions of the shelf (Gorog et al. 2004). Voris@@Pshowed in maps of the Pleistocene sea-
level of Southeast Asia that during this epoch BorrSumatra, Java and the Malay Peninsula
were reconnected, when sea level was lowered betd@em and the maximum lowering,
which was 120 m below the present level. At 30 ntowethe present niveau, Malay
Peninsula, Sumatra and Java would have been ceadhbygtland while Borneo would have
been narrowly isolated. At the same time the dnogpsea levels caused considerable
fragmentation of the rainforest. Palynological @ewmlogical evidence indicate that at the last
glacial maximum (~20,000 years BP) Malay Peninsués covered by savannah, as were
Java, parts of Sumatra and the southwestern p&tmwfeo, confining rainforest to a number
of refugia (Gathorne-Hardy et al. 200Zhe most recent glacial maximum began to recede at
about 17,000 years BP and the current sea levets n@ached about 6,000 years ago (Inger &
Voris 2001). The latest land bridges which conmédB®rneo, Java, Sumatra and Malay
Peninsula are described as recently as 9,500 ggarfGorog et al. 2004).

1.5 Molecular markers

1.5.1 Microsatellites

Terms

Microsatellites, also known as simple sequenceatspSSRS), short tandem repeats (STRS)
or simple sequence length polymorphisms (SSLPg),tamdem repeats of sequence units
generally less than 5 bp in length (Bruford & Way93). The microsatellites are usually
less than 100 bp long (Lagercrantz et al. 1993)inMgpes of microsatellites consist of
mono-, di-, tri- and tetra nucleotide motifs, binpa- and hexa-nucleotide repeats are also
classified as microsatellites, repeats of longetifisi@s minisatellites. Microsatellites are
considered to be hypervariable in length (Tautz 9)98vith variation resulting from
differences in the number of repeat units. Theatam in length is caused by errors in DNA
replication when the DNA polymerase ‘slips’ whil®pying the repeated region, thus
changing the number of repeats (Jarne & Lagoda)l%@Bger changes are supposed to be
the result of unequal crossing over in the nuc(@tikand et al. 1993).
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Occurrence in the genome

Microsatellites occur in all nuclear, chloroplastdamitochondrial genomes (Barkley et al.
2009). They are among the most variable types oABEquences in the genome. Among
fully sequenced eukaryotic genomes, microsatall@esity is highest in mammals. The bulk
of simple repeats are embedded in non-coding DNtAgein intergenic sequence or in the
introns, and thus assumed to evolve neutrally @edle 2004). Assuming neutrality of
microsatellites, extensive polymorphism can be @&reld by a high underlying rate of
mutation.

Microsatellite motifs

Most chloroplast microsatellites (chloroplast SS&e mononucleotide repeats whereas
nuclear SSRs usually have dinucleotide repeats/@aret al. 1999). Dinucleotide repeats are
the most abundant repeats in vertebrates as well@ants. In plant genomes GA/TC repeats
are the most common (Lagercrantz et al. 19€)ntrasting distribution of microsatellite

motifs in different genomes hint either to intersfie variation in the mechanisms of

mutation, repair of specific motifs or to variationthe selective constraints associated with
different SSR motifs or to differences in base @remcies in different genomes (Ellegren
2004).

Genesis and evolution of microsatellites

Short repetitive sequences are the starting poimd subsequent microsatellite expansion. The
primary repeats can arise from normal base subetisi(e.g. A-G transition in GTATGT to
GTGTGT). Additionally a high proportion of new twepeat loci arise from insertion
mutations that are duplications of adjacent seqeleRoint mutations can break up perfect
repeats and reduce the mutation rates of micrdisatébci. However, interruptions in
microsatellites can also be a transitional stageviolution and be removed by replication
slippage or unequal crossing over (Ellegren 2004).

The rate and direction of microsatellite mutations

The mutation rate is affected by microsatellitegkbin increasing with the number of repeats.
The precise correlation (linear, exponential) betvéhe two factors is controversial. It is also
possible that the flanking sequence affects theatimut rate. There is no uniform
microsatellite mutation rate. Rates vary betwean, lalleles and as a consequence perhaps
among species (Ellegren 2004). Mutation rates afaosatellites range from 10to 107 per
generation and are thus significantly higher thasebsubstitution rates (Schiétterer 2000).

Conflicting reports were made by different authoesicerning the effect of length and base
composition of the repeat unit on the mutation r@Edegren 2004). The existence of a
threshold size necessary for a repeat sequenced&rgo dynamic mutation was shown by
Messier et al. (1996) and Rose and Falush (1998)ewWwupko and Graur (1999) presented
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contradictory evidence. They found that there iscntical number of repeats beyond which
the observed frequencies of microsatellites exteedrequencies expected in a random DNA
sequence of the same size. Xu et al. (208fywed the dependency of microsatellite
mutations on the allele size. The rate of expansiatations was shown to be constant, while
the rate of contraction mutations increases expaignwith allele size.

Mutation models of microsatellites

Microsatellite variants are supposed to be gengrat@ stepwise manner by the addition or
deletion of single repeat units (Valdes et al. 29@dnsequently, microsatellite variants with
smaller differences in repeat length should be nubosely related than those with larger
differences in length. The stepwise mutation m@8&M) postulates that one mutation alters
the repetitive part through addition or removaboé repeat of the repetitive unit.

A variety of models for the evolutionary dynamidsmoicrosatellites, deriving from SMM
have been presented incompatibilities with the SN example the fact that SSR shows an
upper size limit, have been solved by extensionka@anodel (Ellegren 2004).

The simplest and most general model is the Infiaitele model (IAM). In this model every
mutational event creates a new allele, which igpeedent in size from the progenitor allele
(Selkoe & Toonen 2006).

Microsatellites - the marker of choice

Microsatellite markers are single locus, co-domirmaarkers, generally with a high mutation
rate. Polymorphic microsatellite markers are powulédols for population genetic analysis. In
species for which populations are small or haventdyg experienced a bottleneck, only loci
with high mutation rates are likely to be infornvatiHedrick 1999).

Furthermore microsatellite markers are used inrpdyeanalysis, forensics and the inference
of demographic processes. Due to their high mutatte, they offer a means for studying the
effect of environmental factors on genomic mutatiaie (Ellegren 2004).

Once SSR loci have been characterised within aefe8SR polymorphism can be detected
by PCR (polymerase chain reaction) using the flagksequences of the microsatellite as
primers. Due to high species specificity of mictefidie markers, cross-contamination by
non-target organisms is much less probable thaRdR with universal primers (Selkoe &

Toonen 2006). After PCR, the microsatellites cangbaotyped by fragment size analysis
using high resolution polyacrylamide (PAA) gels.iidentification of alleles reduces time

and cost compared with sequencing each alleleah ieaividual.

Drawbacks of microsatellites markers

Despite the many advantages of microsatellite nmaykkey also have several challenges and
pitfalls. One drawback is the fact that universamgers are usually not available. Markers
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have to be developed for each species or speciasp.ghe high effort required for
microsatellite marker development was described Sopirrel et al. (2003). Consistent
amplification across all samples can only be askbsetrial and error. Thus some loci will
have to be discarded at the middle or end of g@agyall of the samples in a study due to
amplification problems, too high or too low varikyior the existence of an additional primer
binding site in part of the samples. Another pagrgroblem is the presence of null alleles.
Null alleles, are alleles that do not amplify irtRCR due to mutations in the primer-binding
site and, thus, are not detectable (Chapuis & ps2007).

The advantage of highly variable markers carriesditawback of undetectable homoplasy by
descent, i.e. alleles can have the same allele aidesequence but different genealogical
history. Another type of homoplasy is size homoplaghich occurs when alleles have the
same fragment length but differences in base coiiposThis kind of homoplasy could be
detected by sequencing the alleles, although tiipitas is not done since genotyping is size-
based. Another subject to deal with, when usingrosatellite markers, is the complex
underlying mutational mechanism, which is stilldgediscussed (see above).

1.5.2 Chloroplast DNA sequences

Generally chloroplast DNA is known to be slow imgence evolution (Palmer 1987) and for
a long time considered too conservative for inteaffir studies (Banks & Birky 1985).

Thus, in the past chloroplast DNA was limited tedstigations among species, see references
in Wagner (1992).

This perspective changed at the beginning of tlB944Soltis et al. 1992) after a number of
studies foundntraspecific and even intrapopulational chloroplaariation (Pleines et al.
2009) using chloroplast DNA. This intraspecific iation was shown to be high enough for
population studies on gene flow, as reviewed by BMd€y (1995).

In phylogeographic analyses mostly non-coding paftthe organelle genomes are used as
markers (Pleines et al. 2009). Most non-codingspaftthe plant genomes are free to vary
without much restriction from selection, as suchytimay contain many polymorphic sites

(Pleines et al. 2009). Two such non-coding partspns and spacers, are a rich and well-
appreciated information source for evolutionarydgts in plants (Borsch & Quandt 2009).

Chloroplast DNA, as an organelle DNA, has the athga of uniparental inheritance, thus no
recombination occurs.

In this study the following three markers were used

rpl16 intron

The rpl16 gene contains two exons separated by an introyingain length from 1,000 —
1,500 bp in the species studied (Schnabel & Weh@@8).Rpl16 encodes ribosomal protein
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L16 (Posno et al. 1986), and the intron has been us several phylogeographic studies
(King et al. 2009, Hedenas 2010).

atpB-rbcL intergenic spacer

This region lies between tlagpB gene and thebcL gene. This marker has been used in many
different phylogeographic analyses (Banfer et @0&).

Ccmp5

This marker belongs to a set of consensus chlsbpiecrosatellite primers (ccmpl-ccmpl0).
This set of primers was developed with the genamal to amplify SSR regions in the
chloroplast genome of dicotyledonous angiospermsigivg & Gardner 1999).

These microsatellite loci were applied to a smetlaf Macaranga specimens by Vogel et al.
(2003) and found to be informative.

1.6 Statistical methods

Haplotype analysis

To describe differentiation and the genetic divgrsf populations, several diversity measures
can be calculated and evaluated. In this studysNedex of genetic diversity @gHestimated
without bias (Nei 1973)the haplotypic richness (R (Mousadik & Petit 1996) and the
number and distribution of population-specific lwppes, so called private haplotypes
(Stehlik et al. 2002), were calculated. Furthermitve number of haplotypes per population
and the effective number of haplotypes, which B itiverse probability that two randomly
chosen haplotypes are identical, were evaluatededder haplotype and nucleotide diversity
were calculated.

Statistical parsimony network

Intraspecific gene evolution cannot always be regmeed by a bifurcating tree. Population
genealogies are often multifurcated, where descergdmes coexist with persistent ancestors.
Furthermore recombination events (in nuclear genegridisation between lineages and
homoplasy generate reticulate relationships. Séwetaork approaches have been developed
to estimate intraspecific genealogies and to allow reticulate relationships. Network
approaches can incorporate population processethanconstruction or refinement of
haplotype relationships. Furthermore, networks htnes ability to display the population
information in more detail than strictly bifurcagirees. A variety of network methods have
been reviewed in Posada and Crandall (2001). Ofethreetwork methods, the statistical
parsimony network was chosen for this study. Theshomd was chosen as within a species or
closely related species single rather then multgulbstitutions are assumed, favouring the
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parsimony criterion. Network calculations were pearied with the software TCS (Clement et
al. 2000).

Principal coordinate analysis

A principal coordinate analysis (PCoA) is a meamgét access to the genetic structure of
data by exploring and visualizing similarities ahidsimilarities. PCoA, a derived method of
principal component analysis (PCA), is a procedtoesimplify multivariate data with
minimum loss of information (Cavalli-Sforza et d996). PCoA starts with a pairwise
distance matrix and assigns each item a locatiam Iow-dimensional space, thus, reducing
the dimensionality. The first axis accounts for mach of the variability in the data as
possible, and each succeeding axis accounts fonuah of the remaining variability as
possible.

PCoA is a standard tool used to detect populatinrctsire within species based on genetic
data (Schonswetter et al. 2003).

Analysis of molecular variance

Analysis of molecular variance (AMOVA) is a methodf estimating population
differentiation directly from molecular data andtieg hypotheses about such differentiation.
The statistics reflect the correlation of haplotydiversity at different levels of hierarchical
subdivisions. A variety of molecular marker datag(eRFLP, AFLP and SSR) and direct
sequence data may be analysed using this methawbfftex et al. 1992). GenAlEx was used
to perform AMOVA.

Mantel test

The Mantel test (Mantel 1967) is a test of the @atron between two matrices. In this study
one matrix contains the genetic distances betwéegpossible pairs of individuals, while a

second matrix contains the geographical distantedsn the individuals. The relationship
between these two matrices cannot be assessedybgwaiuating the correlation coefficient

between the two sets of distances. Therefore aoraiz@tion or permutation test has been
adopted. To assess significance of any apparerdriep from a zero correlation, the rows
and columns of one of the matrices are repeatedbjested to permutation, with the

correlation being recalculated after each permutatirhe reason for this is that if the null
hypothesis of there being no relation between the matrices cannot be rejected, then
permuting the rows and columns of the matrix shdm@letqually likely to produce a smaller or
a larger coefficient. The Mantel test is often &bl to examine whether genetic
differentiation among populations is related to gr@phical distances, (Excoffier et al. 1992,
Hensen et al. 2010). In this study GenAlEx was uegqekerform the Mantel test.
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Assignment analysis using Bayesian clustering appaches

Using Bayesian methods to analyse genetic data psweerful tool to define boundaries
between populations. Knowledge of such boundaries be important, both for the
understanding of population dynamics and for coratem planning (Rowe & Beebee 2007).
Statistical inference is a method of extrapolafimm a random sample set to a population.
That is, it uses randomly sampled data from a i to make inferences about that
population. Bayesian inference, a type of statioference based on Bayes’' theorem,
combines observational evidence with more traddiqmobabilities. In Bayesian inference an
unconditional prior probability (degree of confide) is determined before any data has been
observed. When actual data is observed, this obsenvis used to refine the probability
(called the posterior probability) to account fohav was actually observed. The posterior
probability is recalculated whenever additional exbations are made, resulting in a
probability that trends towards the real observetivensen 1984).

Two Bayesian clustering programs were used to parfan assignment analysis and detect
the number of clusters: STRUCTURE (Pritchard et28l00) and INSTRUCT (Gao et al.
2007). STRUCTURE provides the posterior probahilignd the log likelihood of the
posterior probability is used in determining theimal number of clusters. INSTRUCT gives
the deviance information criterion (DIC) which is generalization of the Bayesian
information criterion. The DIC is based on the latllen of the likelihood function, and is
used in determining the optimal number of clusterdNSTRUCT.
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2 Chloroplast analysis

2.1 Materials and Methods

2.1.1 Sampling and molecular methods

Sampling

The sampling area was the Malaysian part of Boar&h in the case dflacarangatanarius
the Malay Peninsula, Sumatra, Kalimantan, Javafarstiralia (see Figure 2-1). A total of 561
Macaranga winkleri, 353 Macaranga tanarius and 13 Macaranga winkleriella were
sampled. Furthermore omé& diepenhorstiioneM. pruinosaand twoM. giganteaindividuals
were sampled to include them as outgroups in tladysis. For sampling locations, habitat,
geographical coordinates and storage of herbariampkes see Appendix A. The plant
material included in this study was mainly collectey myself, Dr. Brigitte Fiala, and Dr.
Daniela Guicking. Single samples were also coltkdig Christina Fey-Wagner, Manfred
Turke, Dr. Ute Moog (now Meyer), Dr. Ulrich Maschwi Dr. Heike Feldhaar and Dr. Ferry
Slik. A part of a leaf was collected from each skedpree and dried with silica gel containing
a moisture indicator. The silica gel was exchanggch day until the leaves were completely
dried, in order to avoid DNA degradation causedeay decomposition (Weising et al. 2005).

All samples were identified based on species dasenis in Davies (2001) and the key of Slik
et al. (2000). Unclear samples were rechecked byBhgitte Fiala. Two unclear samples
were furthermore identified via ITS-sequencing. t€sponding herbarium specimens are
stored in the herbaria of the Universities of Kagk&AS) and Wurzburg (WB), Leiden (L)
and the IPK Gatersleben (GAT) (see Appendix A).

DNA isolation

The silica dried leaves (each measuring betweendl12acnf) were ground in a 2 ml tube
together with two steel beads, using a FastPrephdgtbgenizer (Savant).

Total genomic DNA-isolation was carried out withettbNeasy Plant Kit (QIAGEN)
according to the instructions of the manufactu@are washing step was added to increase the
quality of the DNA. Concentrations were estimatedl8o agarose gels stained with ethidium
bromide. Samples showing difficulties in PCR amgdifion were subsequently purified via
the QIAquick PCR purification Kit (QIAGEN) and respended in 5@ 1x TE buffer.

Samples failing amplification were again isolatetiliag 0.01g PVP (Polyvinylpyrrolidone)
per ml lysis buffer, to bind phenolic compounds.®stock solution was stored at —20 °C.
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Table 2-1. The 13 different chloroplast regions tested folRP&nplification and the possibility of

obtaining readable sequences and sequence varatith winkleri, M. tanariusandM. winkleriella
“/" is used to indicate where a test is not apgdleaForM. winkleriellasome PCR amplification were

not tested if no sequence variation was detectbdtim theM. winkleri andM. tanariussamples.
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Figure 2-1. Map of the study area indicating the sampling aegifor M. winkleri, M. tanarius
M. winkleriella M. giganteaM. diepenhorstiandM. pruinosa

PCR amplification and sequencing of non-coding chloplast regions

In the chloroplast sequence analysis a subseeddmpled individuals was used:

87 samples oM. winkleri from 32 locations, using two to five individualgrplocation,
except in five locations where only one individuals available (see Appendix D).

13 individuals ofM. winkleriellaand two individuals oM. gigantea one individual each

of M. diepenhorstiiand M. pruinosawere included as an outgroup (see Appendix D), as
they are found in close positions kb. winkleri and M. winkleriella in the Macaranga
haplotype network (Bénfer et al. 2006).

100 samples oM. tanarius (see Appendix F) comprising 80 individuals fromrBeo,
17 from the Malay Peninsula and one individual efsom Sumatra, Java and Australia.
The Bornean individuals included in the chloroplastalysis were from 24 different
sampling locations. Between three and five indigldyper location were included in the
analysis, except for three locations in which oohe individual was available. For one
sampling site where the three included individugit®wed genetic variation, a further
five individuals were integrated in the analysis.

Thirteen different chloroplast regions were checkadthe possibility of amplification and
sequencing and sequence variation (see Table RiIgrimer sequences, including those for
the loci that were not used, are listed in Appertlix
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L 8 3 3 k3 2
S — I |
IRB 5rpL16 1700 bp 3'pL16
1= rpL16F71 3=rpL16F71-seq 5= rpL16R-seq2

2=rpL16R1516  4=rpL16R1516-seq 6= rpL16-F2-PCR

Figure 2-2. Scaled map afpL16 intron region based on Shaw et al. (2005). Propmstmodified for
M. winkleri individual 6462. IR B = inverted repeat B. Genenea in italics. Arrows show direction
and relative position of the primer binding sitssimbers refer to primer names in the text.

Table 2-2. Amplification and sequencing primers for the thig@ used in this study.

Locus Primer Purpose *  Direction Primer sequence 5°-3"
rpL16 1 rpL16F71 A&S Forw GCT ATG CTT AGT GTG TGACTC GTT G
rpL16-F2- PCR* A Forw CTCATCGCTTTGCATTATCTGG
rpL16F71-seq* S Forw GATAGCGAAAGGAACCAGAAGAC
rpL16R1516-seq* S Rev ATACTAAATCATGGGATTTTTGAGATTT
rpL16R1516 A&S Rev CCCTTCATTCTTCCT CTATGT TG
rpL16R-seq2* S Rev CGG GCG AATATTCACTCTTT

atpB-rbcl?  atpB-rbcL-F A Forw  GAAGTAGTAGGATTGATTCTC
atpB-rbcL-F-seq* S Forw  TAG TAG GAT TGA TTC TCA
atpB-rbcL-F-seq-mitte* S Forw  CTG CCA ATT TTC ACA TCT CGG
atpB-rbcL-R-seq* s Rev  TGC TTT AGT CTC TGT TTG
atpB-rbcL-R A Rev  CAACACTTGCTTTAGTCTCTG

cemps® ccmpSF A&S Forw  TGTTCCAATATCTTCTTGTCATTT
cemp5R A Rev  AGGTTCCATCGGAACAATTAT

1. Chloroplast markers (Shaw et al., 2005).

2. Chloroplast markers (Xu et al., 2000; Baenfer et al., 2006).

3. Chloroplast markers (Weising and Gardner, 1999, Vogel et al., 2003).

4. A - Amplification, S - Sequencing, A&S - both Amplification and Sequencing.
* self-designed.

Three non-coding chloroplast regions were chosghl6, atpB-rbcL and ccmp5. For
consistent amplification some of the primers hatdeéaedesigned using sequences of closely
related species from the EMBL database (see belamplification and sequencing primers
for these loci can be found in Table 2-2.

rpL16 intron

In the following description primer codes used nadkets behind the primer name refer to
Figure2-2 and Table 2-2, where the positions and sequefiite primers are given.

To both amplify and sequenepL16 intron in M. tanariusPCR primersgpL16F71 (1) and
rpL16R1516 (2) were used.
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TherpL16 region inM. winkleri andM. winkleriellais approximately 450-650bp longer than
in M. tanarius due to an AT-rich insertion. To get overlap imWard and reverse sequences,
in addition to the forward and reverse PCR—prinfgr2) another two sequencing primers
were designedrpL16F71-seq (3) andpL16R1516-seq (4) on both sides of the AT-rich
region (Figure2-2).

In some M. winkleri individuals it was not possible to sequence wiph16F71 (1). To
sequence these individuals another internal revargaencing primer was designeol-16R-
seq2 (5).

As amplification did not work for somig. winkleri andM. winkleriella individuals different
combinations of primers were used to determine wlpdmer contains mismatches. As
rpL16F71-seq (3) andpL16R1516-seq (4) andpL16F71-seq (3) andpLl16R1516 (2)
amplified in these individuals, it was determindwhtt the primer showing mismatches is
rpL16F71 (1). Another forward PCR primepL16- F2- PCR (6), was used to replace the one
showing mismatches. This primer was designed tal bm a conserved region, using
published sequences dflanihot esculentaCarica papayaand sequences d¥l. winkleri
sequenced withpL16R-seq?2 (5).

atpB-rbcL

As locusatpB-rbcL showed mostly unreadable sequences in the speci@sr study, the
following sequencing primers were designed usingeasonably readabl®lacaranga
sequence: atpB-rbcL-F-seq; atpB-rbcL-F-seq-mittpBabclL-R-seq (see Table 2-2). All
sequencing primers worked. Sequences using seq@epemersatpB-rbcL-F-seq andatpB-
rbcL-F-seqg-mitte were overlapping and could be comtiiribsequenthatpB-rbclL-R-seq
was not used.

ccmp5

This region is a microsatellite region, which wa®d for the detection of substructure in the
M. tanarius parsimony network. For sequencing only the forwariner was used. It was
found to be sufficient to get the variable monoerotide repeat that was the most informative
part.

PCR amplifications were performed usingsane Amp 9700 PCR System (PE Biosystems)
thermal cycler and the following profiles:

For rpL16:

Initial denaturation at 95 °C for 3 min, followed B0 cycles of 95 °C for 50 s, 50 °C for
1 min, 68 °C for 1 min 20s, 70 °C for 8 min, themp from annealing temperature to
elongation temperature was set to 50%.
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For atpB-rbcL:

Initial denaturation at 95 °C for 5 min, followed 28 cycles of 95 °C for 48 s, 56 °C for
1 min, 72 °C for 2 min, 72 °C for 7 min.

For ccmpb:

Initial denaturation at 95 °C for 5 min, followeg B5 cycles of 95 °C for 1 min, 59 °C for
1 min, 65 °C for 5 min, 65 °C for 4 min.

For all three markers, PCR amplifications were grenied in a volume of 2(il, containing 2

to 10 ng of genomic template DNA, 1.13x buffer (@oning 15 mM MgCj), 0.56uM each

of forward and reverse primer, 0.11 mM of dNTPg] &3 units of Taqg DNA polymerase
(QIAGEN). To decrease the formation of primer di;m@rllx bovine serumlbumin (BSA)
were added. To facilitate the amplification of GEhrregions and to increase the specificity
(Varadaraj & Skinner 1994) 3% dimethyl sulfoxideMBO) and 1.13x Q-solution were
added.

In the beginning, the amplicons were purified ushhgcleofast 96 PCR plates (Macherey-
Nagel), however this purification method resulted goor sequencing. Therefore, PCR
products were subsequently purified by QlAquick P&Rification Kit (QIAGEN), following
the manufacturers instructions, and resuspend@ pd warmed 1x TE buffer. Sequencing
was performed either on a MegaBACE 1000 (Amershamsdiznces) or on an ABI 3730 XL
(Applied Biosciences) capillary sequencer. Sequena#é be submitted to EMBL GenBank
to make them publicly available.

Sequence analysis and alignment

Sequences were manually edited and assembledant@ sequences using Sequencher 4.7
(Gene Codes Corporation). Sequence alignmentsdeere manually in Se-Al v2.1 (Rambaut
2002). Three alignments were created:

1) An alignment forM. tanarius RpL16andatpB-rbcL sequences were concatenated and
combined into a single alignment.

2) An alignment forM. winkleri together withM. winkleriella, M. gigantea M. pruinosa
andM. diepenhorstiias these species were shown to be closely relateld winkleri
in Banfer et al. (2006). HempL 16 andatpB-rbcL sequences were concatenated and
combined in one alignment as well.

3) An alignment, consisting of the available databseguences of differedacaranga
species, containing the intergenic spacer sequatpierbcL together with the new
atpB-rbcL sequences collected during this study (see Apmadyl This alignment is
used in the phylogeographic analysis and to putrniwe sequences in a broader
context.
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The sequences of the microsatellite region ccmpée vadigned in a separate alignment to
determine the substructure in the samples of alegnsl and 2.

2.1.2 Data analyses

Statistical parsimony networks based on the chlordast sequence analyses

The software TCS v1.21 (Clement et al. 2000) waslue perform the statistical parsimony
network calculations. TCS is a program that es@®majgenealogical relationships of the
sequences. TCS collapses identical sequences apiotippes (HT). The frequencies of the
haplotypes and an absolute distance matrix areulesdcl for all pairwise comparisons of
haplotypes in the sample. The probability of pamsignis calculated for pairwise differences
until the probability exceeds 0.95. The maximum bamof mutational connections between
pairs of sequences justified by the parsimony Goiteis associated with the 95% probability.
TCS generates a graphical output file containing tbsulting network, where every step
represents one mutational step.

In all three alignments the regions that are paldity prone to homoplasy were excluded. In
atpB-rbcL sequences, the first and second poly-T/A-repeaewshortened to the same length,
as was a poly-A/T-repeat mpL16. Indels were coded as single mutational stepthdnplL16
alignment of M. winkleri together with M. winkleriellay M. gigantea M. pruinosa and
M. diepenhorstiian AT-rich region in the sequence (between 43D4§% was excluded due
to hypervariability and therefore unsafe alignmétarsimony networks with 95% confidence
limits were calculated in TCS for all three alignmtee In the resulting networks the variation
at the previously excluded microsatellite regionsl #ghe information of the ccmp5 marker
was used to include the genetic diversity withie thaplotypes, i.e. to manually create
subhaplotypes (Banfer et al. 2006). The network madrawn from the TCS output using
Adobe lllustrator CS 11.0.0.

Neighbor-joining analysis

A phenetic analysis d¥l. winkleri andM. winkleriellaalignment of locatpB-rbcL andrpL16
with the neighbor-joining cluster algorithm usingABP v4.0b10 (Swofford 2002) was
conducted based on pairwise maximum likelihoodadises. The HKY model (Hasegawa et
al. 1985) of sequence evolution was then used topege positions of the root within
M. winkleri, between a network and a distance-based approach.

Principal coordinate analysis

A principal coordinate analysis (PCoA) was condddteget access to the genetic structure of
the data by exploring and visualizing similaritiesd dissimilarities. The polymorphic
nucleotide positions (without the mononucleotideea regions) of the sequences of
M. winkleri andM. tanarius(only the Bornean samples to compare similar ggagcascales
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in both species) were converted to numeric codes (AC=2, G=3, T=4, gap=5). A
pairwise genetic distance matrix was calculatedafbindividuals from the polymorphic sites
of the sequences, where two regions can be eittgrtical (= 0) or different (= 1) using
GenAlEx 6 (Peakall & Smouse 2006). These distaacegshen summed over all of the sites.
For all M. winkleri andM. tanariusthe PCoA was computed on these distance matrgieg u
GenAlEx 6.

Assignment analysis with chloroplast sequences

Two different Bayesian assignment approaches weegl wo infer population structure of
M. winkleri and M. tanariususing the programs STRUCTURE 2.3.3 (Pritchardl.e2@00)
and INSTRUCT (Gao et al. 2007) on the Computatidsialogy Service Unit of Cornell
University (http://cbsuapps.tc.cornell.edu/indegxgs The matrices, with numerically coded
polymorphic nucleotide positions (see Principalrdamate analysis), were used as input files.

STRUCTURE implements a model-based clustering neethesuming Hardy-Weinberg
equilibrium and linkage equilibrium within populatis. In STRUCTURE a model is assumed
in which there are K populations. Each K is chaazed by a set of allele frequencies at each
locus. The individuals in the samples are probsiilly assigned to K populations. Each
individual can be assigned to one or several pdpus according to the individual's
genotypes with corresponding frequencies. INSTRUKCAn alternative clustering program to
STRUCTURE that does not assume Hardy-Weinbergibquiin within populations. Results
from both of these programs were compared.

STRUCTURE runs were performed with 1,000,000 iteret and a burn-in period of 250,000
iterations without any prior information on the pdgtion of origin of each sampled

individual. STRUCTURE requires an additional admnet burn-in period, which was set to
125,000 iterations. Using this admixture burn-inaastarting point for the non-admixture
model adds stability and is the suggested methggolm the current version of

STRUCTURE. In the non-admixture model, individuate assumed to be drawn purely from
one of K populations, in the admixture model induals are allowed to have mixed ancestry.

The non-admixture model was used, as we are dealitly plastid sequences, namely
chloroplast data, and thus do not expect mixedsincelen independent simulations were
performed in which the number of populations testadged from K = 1 to K = 10.

INSTRUCT runs were performed with the same numlb@emations, burn-in, and range of K
without prior information also using the non-admipd model, only without the addition of
the initial admixture burn-in period.
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Determining the number of populations (K)

In STRUCTURE the implemented model choice critetioretect the true K (or the optimal
K) is an estimate of the posterior probability bé tdata for a given KI?r(X|K) (Pritchard et

al. 2000). This value is used to produce the l&glihood of the data at each step of the
Markov chain Monte Carlo (MCMC), denoted InRh((). The mean and variance of these

values are computed and half the variance is sttbttdrom the mean. This gives the model
choice criterion which will be referred to as L(R)e number of populations (i.e. the optimal
K) is often identified using the maximal value ofKl) returned by STRUCTURE (Falush et

al. 2003). Therefore all L(K) for K =1 to K = 1&er all replicate runs of STRUCTURE were
checked for the highest value ftf. winkleri and M. tanarius Furthermore Falush et al.

(2003) proposed that the first value in the platelase of the mean L(K) is often the best K.
Therefore the average L(K), m(L(K)) and the staddarror of ten replicate runs of

STRUCTURE were calculated and plotted for the ndmiature model for both species

under study using Excel 2004 (Microsoft).

Another method to choose K is the calculation oft®& (AK). This is a computational
method to find the first K in the plateau phased #mus less subjectivé\K is calculated
based on the second-order rate of change of Il@tinto choose the optimal number of K
(Evanno et al. 2005)AK is the mean of the absolute values 6{H) averaged over the ten
replicate runs divided by the standard deviatioh(&),

ak = ME )
HL(K)]

where L'(K) = L(K) -L(K -1) and |L"(K)| =|L'(K +1) - L'(K)) .

INSTRUCT can infer the optimal number of subpopols underlying a sample via the
deviance information criteria (DIC) (Spiegelhalttr al. 2002). The DIC value is a direct
indication of how well the model fits the data. Tlaeger the value of the DIC, the less well
the model fits the data. Therefore, the K, thatdpo®d the smallest DIC value was chosen
(Gao et al. 2007). In addition, the DIC values waveraged over the replicate runs per K and
plotted with referring standard deviation. As wite STRUCTURE results the plot was
examined to find the first K in the plateau phaser an objective determination a second
order rate of change was calculated for DIC valsiesilar to theAK of STRUCTURE,
(denotedAK DIC).

For each K (K =1 to K =10) the replicate run wilte best L(K) in STRUCTURE and the
smallest DIC value in INSTRUCT was chosen. Kbiwinkleri andM. tanarius bar plots for
the different numbers of clusters (K) were createBxcel, illustrating the assignment of each
individual to the different clusters. This was ddoesisualize the results of the STRUCTURE
and INSTRUCT runs for the non-admixture model. Auwal inspection was performed for
essentially empty clusters, i.e. clusters whereividdals are assigned with very low
frequency.
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Analysis of molecular variance

Genetic structure was estimated through an analgkisnolecular variance (AMOVA)
(Excoffier et al. 1992) using GenAlEx 6. After 998ndom permutations a check of the
significance of the variance components was pemarm

For bothM. winkleri and M. tanariustwo regions were assumed (region 1: Sabah; regjion
Sarawak/Brunei) as proposed by the PCoA Karwinkleri. Additionally, AMOVA was
performed forM. winkleri for the individuals west and east of the Crockandge and using
three populations following the administrative beng] i.e. Sabah, Brunei and Sarawak, which
also represent different geographical regions ahBo.

Haplotype and nucleotide diversity analysis

Multiple intra-population metrics were calculatesing Haplotype Analysis v 1.05 (Eliades &
Eliades 2009) to compare the genetic structure dwtwM. winkleri, M. tanarius and
M. winkleriella, distinguishing Sabah from Sarawak/Brunei. Theakpopulation metrics that
were calculated are listed below.

The number of haplotypes per population to compare the amount of different
haplotypes for Sabah and Sarawak/Brunei.

Thenumber of private haplotypes or the haplotypes that only occur in one region.

The number of effective haplotypesand thehaplotype diversity. The effective number
of haplotypes is the inverse probability that t@adomly chosen haplotypes are identical.

The haplotypic richness denoted R is the number of haplotypes expected in each
population for a rarefied sample size, i.e. the sizthe smallest population of the dataset.
The haplotypic richness rarefied for the samplee sigas also calculated for the
mitochondrial sequence data M winkleri’'s obligate ant partneZrematogastemsp. 8
(Braasch et al. 2008) also distinguishing Sabaim fBarawak/Brunei.

The genetic diversity (Nei 1973) presents the amount of genetic divensityin each
population (region) ranging from O (= no variatidaa)l.

Previous studies provided evidence that the bioggdry of plants and animals on Borneo is
strongly influenced by the occurrence of a centratintain range (Bénfer et al. 2006, Raes et
al. 2009). Therefore, these calculations were péstormed for individuals both west and east
of the Crocker Range, the northern extension ofcdr@ral mountain range, féd. winkleri
and M. tanarius For M. tanariusone calculation was performed with the informatairthe
microsatellite loci and one without it.

Two additional intraspecific metrics were calcuthtesing DnaSP v5.10.01 (Librado & Rozas
2009) forM. winkleri, M. winkleriellaandM. tanarius

The haplotype diversity, which summarizes information on the number aedudency of
different variants at a locus regardless of thegugnce relationships.
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The nucleotide diversity, a weighted sequence divergence between indiddirala
population, regardless of the number of differeaqtlbtypes.

DnaSP considers gaps in the alignment as missitag tteerefore gaps were recoded as single
mutation events. Favl. tanariusthe variation at the microsatellite loci was inadd Again
two calculations were performed, one calculatianalbsamples and the second was restricted
to the individuals from Borneo for better compaligpwith M. winkleri. For M. winkleri the
haplotypic and nucleotide diversity was also calculated séplrafor Sabah and for
Sarawak/Brunei, as the haplotypic patterns fordghe® regions show clear differences.

Analysis of spatial-genetic correlation

A Mantel test was performed look for the existence of a correlation betwdengeographic
and genetic distances using GenAlEx 6. A pairwisdividual-by-individual geographic
distance using the coordinates of longitude andlutid and a pairwise genetic distance is
calculated from the polymorphic regions of the ssopes for alM. winkleri individuals and
again forM. winkleri individuals west and east of the Crocker Range. NFotanarius one
correlation including only the Bornean individualsd another including all individuals was
calculated. In all 9,999 random permutations werdgomed to check the null hypothesis,
that there is no relation between the two matrices.

The results of the Mantel test are illustrated statter plot combining histogram information
to illustrate relative data density. The test rssate aggregated into fixed sized bins along the
geographical distance axis, using frequency armlyBhe size of each data point is then
relative to the size of each bin. In addition ttatige sizes, different colours are used to
indicate relevant subsets of the data points.

Regression analysis was performed on each set afdligest data. The resulting regression
lines are shown directly on the corresponding scajtaph. The corresponding coefficient of
determination (B and the correlation coefficient (R) are preserftedeach set of matrices.
The correlation coefficient ranges from -1 to 1,ilek1 is the highest negative correlation
possible, 1 the highest positive correlation andale of O implies that there is no linear
correlation between the variables.
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2.2 Results of the chloroplast analysis

2.2.1 Sequence analysis and alignment

atpB-rbcL

Sequencing of thatpB-rbcL region in 100M. tanariusindividuals resulted in sequences with
lengths from 799 to 801 bp. Thé. tanariusalignment has a length of 801 bp. Four variable
base positions each with two different bases oeduland additionally an indel of one
nucleotide. Three variable microsatellite regioresevdetected.

Sequencing of thatpB-rbcL region in 87M. winkleri individuals resulted in sequences with
lengths from 788 to 792 bp. TM. winkleri alignment has a length of 801 bp. Two variable
base positions each with two different bases oedumnd additionally an indel of four
nucleotides. Five variable microsatellite regionserev detected. Inclusion of
13 M. winkleriella, oneM. diepenhorstii two M. gigantea and oneM. pruinosa sequence
leads to an alignment of 825 bp length. One addhiliandel of 24 bp and 16 additional
variable base positions each with two differentelsasccurred.

Borneo
(Samboja)

1b

Borneo
(Telupid)

1c

70 . @
Australia Sumatra
Malay Peninsula
Borneo
4 (Kota Belud) 73 individuals
O
(Kuala Penyu)
aQ Borneo
(Kota Belud} 15 individuals
3b O Java
@1—3 individuals

Figure 2-3. Chloroplast haplotype network, including subhagpes forM. tanariuscalculated with
TCS. The circle size is representative of the nunabéndividuals in which the haplotype was found.
Black dots represent missing intermediates.
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rpL16

The length of theM. tanarius alignment inrpL16 is 1,023 bp, the sequence lengths were
between 1,020 and 1,023 bp. Five variable basetigosieach with two different bases
occurred. One variable microsatellite region waected.

Sequencing of thepL16 region in 87M. winkleri individuals resulted in sequences with

lengths of 1,281 to 1,475 bp. TMe winkleri alignment had a length of 1,595 bp. 22 variable
base positions each with two different bases. Eigdriable microsatellite regions were

detected.

Inclusion of 13M. winkleriella oneM. diepenhorstji two M. giganteaand oneM. pruinosa
sequence lead to an alignment of 1,872 bp lengtha@®litional variable base positions each
with two different bases occurred.

Ccmp5

The length of theM. tanariusalignment forccmp5is 20 bp. Length of the sequences were
between 17 and 20 bp, thus, four sequence varmants be found, each of which vary in the
length of the T/A-repeat.

The alignment of M. winkleri together with 13V. winkleriella oneM. diepenhorstii
two M. giganteaand oneM. pruinosasequences leads to an alignment of 20 bp. While al
M. winkleriellaindividuals show identical sequences, Kbrwinkleri three of the four variants
of the T/A-repeat that are found, M. winkleri also occur in the other includédacaranga
species.

2.2.2 Statistical parsimony networks based on the chlordast sequence analyses

Network of Macaranga tanarius

For the alignment of the 10@. tanariusindividuals (see Appendix F) TCS calculated a 95%
parsimony connection limit of 1&eps resulting in a network of seven HTs. Inclusib the
previously excluded microsatellite regions resultedubhaplotypes (sequence data see Table
2-3) for HT1, 3 and 6 (Figure 2-3). Haplotypes 1a, 2, 3a amadedfound in western Sabah
and HT5 - HT7 exclusively occurred on Sumatra, Malay PeninsulaAustralia. HT la
comprises 73 individuals occurring in western aastern Sabah and Sarawak/Brunei (Figure
2-4), but in central Sabah HT 1c occurs. HT 1b caseg three individuals from Samboja,
Kalimantan. HT 2 and 3a are found in Kota Beludpe&®a HT 3b occurs on Java. HT 6a
comprises 15 individuals, HT 6b three individudsur HTs were not found in the analysed
individuals and occur as missing intermediategdhnissing intermediates are between HT
la (Borneo) and HT 7 (Australia) and one betweernlBHTBorneo) and HT 5 (Sumatra).
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Table 2-3.Sequence information of the variable microsatetiigions inM. tanarius

Region in the sequence

Haplotypes showing the motif

atpB-rbcL 1st T-stretch: TTTTTTTTTT 3b;4;5;6a;6b;7
TTTTTTTTT- 1a;1b;2;3a

atpB-rbcL 2nd T-stretch: CTTTTTTTTTT 5,7
CTTTTTTTTT- 1a;2;3a;3b;4;6a;6b

atp B-rbcL 3rd T-stretch: CTTTTTTTT la;1b;2;3a;3b;4;7
CTTTTTTT- 5;6a;6b

rpL A-stretch: GAAAAAAAAAAAA 1a;2;3a;3b;4
GAAAAAAAAAAA- 1b; 7
GAAAAAAAAAA-- 6a; 6b
GAAAAAAAAA--- 5
ccmpb T-stretch: CTTTTTTTTTTTTT la;2;3a;3b;4;6b

CTTTTTTTTTTTT- 6a 1c
CTTTTTTTTTTT-- 5
CTTTTTTTTTT--- 7

- 50
- Q°
N
km
0 200
T T 10°
100° 105° 110° 115° 120°

Figure 2-4. Geographical distribution of the chloroplast haypes ofM. tanarius The colour of each
population circle corresponds to the HT colour igfuFe 2-3.
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Network of Macaranga winkleri, M. winkleriella and related Macaranga species

For the alignment of 104 individuals (see Apperid)xxomprising 8. winkleriindividuals,

13 M. winkleriella individuals, two individuals oM. gigantea and one individual each of
M. diepenhorstiiand M. pruinosa TCS calculated a 95% parsimony connection limii®
steps. The network includes 36 HTs, which were dost in HT groups for a clearer
arrangement, when individuals from the same orlamairea are one or two mutational steps
apart. This resulted in 18T groups (Figure 2-5). Sequence information of rthierosatellite
regions is not included in the network and can déensin Appendix E. In the total network
62HTs were not found in the analysed individuals awmtur as missing intermediates.
Considering only thé/. winkleri individuals 25 missing intermediates are detecié@ most
common HT group is number 1, comprisingiddividuals occurring in eastern and central
Sabah (Figure 2-6).

Haplotype groups

@ HT1

@ HT2 z
@ HT3 14

@ HT4
@ HTS
@ HTe 5

)

@ HT7
Q HT8 7 ?
QO HTO
QHT0
OHTIN
@ HT12 5
QHT13
@HT14
Q HT 15 %
@ HT 16

2

Species

O M. winkleri 3

O M. winklerielia o—/ @
< M. gigantea (1 individual)

O M. diepenhorstii (1 individual)

5 M. pruinosa (1 Individual)

Amount of individuals

13

10 9
|:3 1:2;5

1

1

2
6

Figure 2-5. Chloroplast haplotype network &fi. winkleri and M. winkleriella with closely related
Macarangaindividuals as outgroups. Shapes indicate the réiffiespecies. The size of the circles and
squares indicate the number of individuals in witieh haplotype was found. Colours represent the
haplotype groups. Black dots represent missingrnmgdiates. Double slash with a number indicates
the number of missing intermediates. * marks that af the network for the ingroup. *2 marks the
position of the root using the neighbor-joiningstkr algorithm.
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105° 110° 115° 120°

Figure 2-6. Geographical distribution of the chloroplast hayp@s ofM. winkleri, M. winkleriellaand
relatedMacarangaindividuals. The colour of each population circteresponds to the HT colour of
Figure 2-5.

Species abbreviations win  win
win=winkleri
wla=winkleriella 13 112
con=conifera
gig=gigantea
die= diepenhorstii
hey=heynei /L 4
hos=hosei
pea=pearsonii con /5
pru=pruinosa hey 14
pub=puberula
rec=recurvata
gig
pru s
con
16
Amount of individuals
?(3) Locations ea
6 @ Sabah P 19
3 © Sarawak
1 @ Brunei n>1
@ Kalimantan // number of missing HTs
@ Malay Peninsula o Mmissing HT

Figure 2-7. Statistical parsimony network of differeMacarangaspecies based on tlapB-rbclL
intergenic spacer. Black dots show missing intefated. Numbers give the HT number. Circle size
indicates the number of individuals in which theloéype was found.
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Within M. winkleri the highest number of mutational steps can beddetween HT 2 and
HT 11 (29 steps). Betweevl. winkleri andM. winkleriellathere are at least nine mutational
steps, betweem. winkleri and M. diepenhorstii at leaseight mutational steps, between
M. winkleri andM. pruinosaat least eight steps, and betwéénwinkleri andM. giganteaat
least 14 steps. The putative roothdf winkleri in the haplotype network is located between
M. winkleri, M. winkleriellaand the outgroup species. The putative root usiegneighbor-
joining cluster algorithm is located between indivals from Sabah and Sarawak/Brunei.

HT group 1 — HT group 3 are the groups found inaBalall the other HT groups occur in
Sarawak/Brunei, or on the Malay Peninsula.

Network based on sequences of thapB-rbcL intergenic spacer of different Macaranga
species

TCS calculated a 95% parsimony connection limi®fteps using EMBL database sequence
information of differentMacarangaspecies on locuatpB-rbcL combined withatpB-rbcL
sequences from this study. 123 individuals from different Macaranga species from
different regions were included (see Appendix H).

HT1 and HT2 comprise most of thel. winkleri individuals, 53 and 30 individuals,
respectively (Figure 2-7). HT 7 comprises Mll winkleriellaindividuals. HTs 14, 15 and 16
are shared between different species. HT 6 hasntte connections, being connected five
times, resulting in three loops. These loops cowdd be resolved using assumptions from
coalescence theory (Castelloe & Templeton 1994 either the microsatellite information
nor the calculation of a neighbor-joining tree @abt shown) yields information that can be
used to resolve these loops. The minimum numbenwhtional steps betweevi. winkleri
and M. pruinosa M. winkleri and M. recurvataand M. winkleri and M. diepenhorstiiis one
step.

2.2.3 Neighbor-joining analysis

The neighbor-joining tree shows a clear separaifddabah and Sarawak/Brunei sequences in
M. winkleri, except for one individual, 6875 from Brunei, whitalls into the Sabah clade
(Appendix A).
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Table 2-4.Principal coordinate analysis (PCoA) idicaranga winkleriandM. tanarius Percentage
of variation explained by the first three axes.

AXis
Species 1 2 3
M. winkleri 75.95% 9.69% 5.18%
Cumulative: 75.95% 85.63% 90.81%
M. tanarius 33.76% 33.76% 32.49%

Cumulative: 33.76% 67.51% 100.00%

Principal coordinates of the genetic distances of M. winkleri

<© Sabah
O Sarawak
A Brunei and

Northern Sarawak
HT group 4

ID 4396

Axis 2 (9.69 % of variation explained

Axis 1 (75.95 % of variation explained)

Figure 2-8. PCoA plot of the genetic distances ®f. winkleri Three clear groupings are
differentiated, Sabah, Sarawak/Brunei and the rmeeliate HT group 4 (made up of the single
individual 4396).

Principal coordinates of the genetic distances of M. tanarius

X

¢ Brunei

B Kalimantan

A Sarawak

X Western Sabah
+ Central Sabah

o Eastern Sabah

=1

Axis 2 (34 % of variation explained)

Axis 1 (34 % of variation explained}

Figure 2-9. PCoA plot of the genetic distances of Bornddntanariusfrom Brunei, Kalimantan,
Sarawak, western Sabah, central Sabah and eastbam.SAll but three individuals, have the same
position in the projection.
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2.2.4 Principal coordinate analysis

Macaranga winkleri

In the PCoA ofM. winkleri the first two axes account for roughly 86% of agiance (Table
2-4). The first axis explains most of the variar{@.95% variance) and the PCoA plot
(Figure 2-8) clearly visualizes the existence af yvoups: The individuals of Sabah form one
group, the individuals of Sarawak/Brunei the otgesup. The individual that is in between
represents HT4 in Figure 2-5 and Figure 2-6.

Macaranga tanarius

In the PCoA forM. tanarius all but three individuals from western Sabah htwe same
position in the projection (Figure 2-9).

2.2.5 Assignment analysis in M.winkleri and M.tanarius assuming the
non-admixture model

The highest L(K) inM. winkleri is detected for K =6 and iNl. tanariusthe highest L(K)
occurs for K =7 (Table 2-5). The plot of m(L(K)$ @ function of K (K=1 to K=10) is
shown in Figure 2-10A fokl. winkleriand in Figure 2-11A fol. tanarius

The first K value in the plateau phase, is K = 2Mnwinkleri and K =1 inM. tanarius
(Figure 2-10A & Figure 2-11A). The calculation &K was used, and the highest value for
AK is detected for K = 2 in both species (FigureGB XK. Figure 2-11B).

The smallest DIC value favl. winkleri is found for K = 9 and foM. tanariusit is detected
for K = 2 (Table 2-5). The first K in the plateabgse of the plots of the DIC values averaged
over the ten replicate runs of INSTRUCT using tlem-admixture model gives K = 2 for

Table 2-5. Macaranga winkleriand M. tanarius Best K values determined with different methods
assuming the non-admixture model using STRUCTUREINSTRUCT.

STRUCTURE INSTRUCT
First K in the
K with highest plateau phase First K in the
log probability of the plot of K with the K showing the plateau phase K with the
of all replicate the Mean-Log- highest value smallest DIC  of the DIC highest value
runs Likelihood for AK value values for AK DIC
M winkleri K=6 K=2 K=2 K=9 K=2 K=2
M. tanarius K=7 K=1 K=2 K=2 N/D K=2

N/D - Not Discernable



40 Comparative phylogeographic and population gené&t analyses of threeMlacaranga species

A M. winkleri B M. winkleri
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Figure 2-10.Plots for the determination of the optimal K valoeM. winklerifor all individuals using
the non-admixture model.

A) The log probability L(K) averaged over the taplicate runs m(L(K)) of STRUCTURE. Vertical
bars indicate standard deviations.

B) To assess the number of groups (K) supportetidpnalysis with STRUCTURE, the second order
rate of change in the log-likelihoodK) was calculated.

C) The DIC values averaged over the ten replicates rof INSTRUCT. Standard deviations are
indicated by the use of vertical bars. For nedilp@mber of groups (K) the magnitude of the stadda
deviations are too small to be seen at this scale.

D) To assess the number of groups (K) supportethéyanalysis with INSTRUCT, the second order
rate of change in the DIC was calculata& DIC).

M. winkleri and is not discernable favl. tanarius (Figure 2-10C & Figure 2-11C). The
objective calculation ofAK DIC indicates an optimal K of 2 for botM. winkleri and
M. tanarius(Figure 2-10D & Figure 2-11D).

Bar plots of the studieM. winkleri individuals were created to visualize the STRUCHJR
and INSTRUCT results for the non-admixture modele(§igure 2-12) of the runs with the
highest L(K) in STRUCTURE and the lowest DIC in INSUCT each for K=2 to K = 10,
with the same order of the individuals (see Appedi
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A M. tanarius B M. tanarius

Number of groups (K) 25

1 2 3 4 5 & 71 8 93 10
155 2.0

-16.0
-16.5 1.5
-17.0
175 1.0

-18.0
-18.5 0.5
-19.0
-19.5 0

AK

Mean Log-Likelihood

200 1 2 3 4 5 6 7 9 0
’ Number of groups (K)
20.5
c M. tanarius D M. tanarius
90 250
80
70 \_//'/ 200
60 o
o 50 S 150
S 4 5
§ 30 100
I 2
10 50 /
0
2 3 [} 5 6 7 [ 9 0 0
1 2 3 4 5 6 7 8 9 10
Number of groups (K) Number of groups (K)

Figure 2-11.Plots for the determination of the optimal K valaéV. tanariusfor all individuals using
the non-admixture model.

A) The log probability L(K) averaged over the taplicate runs m(L(K)) of STRUCTURE. Vertical
bars indicate standard deviations.

B) To assess the number of groups (K) supportetidpanalysis with STRUCTURE, the second order
rate of change in the log-likelihoodK) was calculated.

C) The DIC values averaged over the ten replicates rof INSTRUCT. Standard deviations are
indicated by the use of vertical bars. In nearlynaimber of groups the magnitude of the standard
deviations are too small to be seen at this scale.

D) To assess the number of groups (K) supportethéyanalysis with INSTRUCT, the second order
rate of change in the DIC was calculata& DIC).

For M. tanariusthe bar plots for INSTRUCT K = 2, because it shdles smallest DIC value
and for STRUCTURE K = 7, because it shows the aghé&), are illustrated in Figure 2-13.

Comparing the STRUCTURE and INSTRUCT bar plots ttoe non-admixture model in
M. winkleriin each K, using the best run per K it can be skean

-K =2 Two clear clusters are created, one for Baltae other one for Sarawak/Brunei.
STRUCTURE and INSTRUCT give mostly the same redult, individual 4396 (HT4) is
assigned with high frequency to Sabah by STRUCTW@IRE to cluster Sarawak/Brunei by
INSTRUCT.
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STRUCTURE INSTRUCT

Sabah Sarawak/Brunei Sabah Sarawak/Brunei
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Figure 2-12. Macaranga winkleri The graph represents the bar plot of the run whith highest
likelihood of STRUCTURE for a number of populatiof®§, and the run of INSTRUCT that showed
the lowest deviance information criterion (DIC)samning the non-admixture model. Individuals are in
the same order in all bar plots (Appendix ). Thadicates individual 4396 (HT4) from Brunei.
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-K =3 STRUCTURE and INSTRUCT give very similar uéts, just slightly differing in
frequency for some individuals.

-K =4 INSTRUCT in contrast to STRUCTURE is furtheabdividing the samples from
Sarawak.

-K =5 both INSTRUCT and STRUCTURE put individuad36 (HT4) from Brunei in a
separate cluster.

-K =6 STRUCTURE is subdividing the Sarawak popolat INSTRUCT is detecting only
five populations as it is not detecting the Sarawakpopulations which it was creating in
K=5.

-K =7 STRUCTURE further subdivides the Sabah eludNSTRUCT gives nearly the same
results as for K =5, only individual 4396 (HT4) assigned with roughly 30% to a sixth
cluster.

-K =8 STRUCTURE does not subdivide the Sabah etuahd assigns most individuals to
five different clusters, individual 4396 (HT4) amdividual 6566 from Northern Sarawak
(Lambir) are assigned approximately equally to eafhthree remaining clusters. For
INSTRUCT the same five populations are detectefdrals = 6 (INSTRUCT).

-K =9 STRUCTURE gives mostly the same resultsoakf= 8 only that the subdivision of
the Sabah cluster which was shown in K = 7, antitoK = 8 is again detected. INSTRUCT
gives a very similar result to K = 7, detecting nhaifive populations. Individual 4396 (HT4)
is assigned with roughly 60% to a sixth cluster anith 40% to a seventh cluster, that is to
say that two clusters are completely empty.

-K =10 assigns individuals with high percentagéotar clusters. Many individuals of Brunei
are assigned with equal probability to another folusters. Individual 4396 (HT4) and
individual 6566 from Northern Sarawak (Lambir) assigned to the latter plus another one.
So in total nine clusters are created by STRUCTURESTRUCT puts the individuals in
mostly four clusters. Individual 4396 (HT4) is pato another three clusters, so in total seven
clusters are created.

Both STRUCTURE and INSTRUCT put each of the 80 BamM. tanariusindividuals with
approximately the same frequency into the numbesstimed clusters (Figure 2-13). This is
indicative of a group with little or no genetic féifentiation, that is, only one major cluster.

STRUCTURE INSTRUCT

K=7— K=2

Figure 2-13.Macaranga tanariusAssuming no admixture. Exemplarily chosen batspts K for: A)
the highest L(K) and B) the smallest DIC value.
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Table 2-6.Intra-population genetic diversity values fdr winkleri, M. tanariusandM. winkleriella,
distinguishing Sabah from Sarawak/Brunei rarefimdaf sample size of 11.

Species Population Nt A? pe N_e* R_h® H_e®

M. winkleri Sabah 46 8.0 8.0 3.69 3.16 0.74
Sarawak/Brunei 41 22.0 22.0 10.57 7.28 0.93

Mean: 43 15.0 15.0 7.13 5.21 0.84

M. tanarius Sabah 66 4.0 3.0 1.10 0.50 0.09
Sarawak/Brunei 11 1.0 0.0 1.00 0.00 0.00

Mean: 39 25 15 1.05 0.25 0.04

M. tanarius * Sabah 66 5.0 4.0 1.13 0.67 0.12
Sarawak/Brunei 11 1.0 0.0 1.00 0.00 0.00

Mean: 39 3.0 2.0 1.07 0.33 0.06

M. winkleriella Mulu (Sarawak) 13 3.0 3.0 1.86 2.00 0.50

! Sample size in each population.

2 Number of haplotypes detected in each population.

 Number of private haplotypes, (= haplotypes that occur only in one region).

* Effective number of haplotypes (inverse probability that 2 randomly chosen haplotypes are identical).

> Haplotypic richness (= number of haplotypes expected in each population for a rarefied sample size,
here, i.e. the size of the smallest population of the dataset.

® Genetic diversity (Nei's index of genetic diversity (H,) estimated without bias (Nei, 1973) ranging from
zero (no diversity) to one, presents the amount of the diversity within each population.

* Indicates that microsatellite information was included.

Table 2-7. Intra-population genetic diversity values figr. winkleri and M. tanarius distinguishing
samples west and east of the Crocker Range (tHetfgig richness was rarefied for a sample size of
28).

Species Population N? A2 p3 Ne* Rh HEe°
M. winkleri West of Crocker Range 44 23.0 220 1152 15.75 0.93
East of Crocker Range 43 8.0 7.0 3.62 5.26 0.74

Mean: 44 155 145 7.57 10.50 0.84

M. tanarius* West of Crocker Range 49 4.0 3.0 1.13 1.71 0.12
East of Crocker Range (Sabah) 28 2.0 1.0 1.07 1.00 0.07

Mean: 39 3.0 2.0 1.10 1.36 0.10

* Indicates that microsatellite information was included.
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2.2.6 Analysis of molecular variance

Discerning the regions Sabah and Sarawak/Bruneihi®M. winkleri samples, 81% of the
variation are detected among these two regiond.iwinkleri and 19% within these regions,
(P = 0.001). When the same two regiondlintanariusare discerned, no significant result can
be obtained, but all the haplotypic variation iarid in western Sabah.

For M. winkleri individuals west and east of the Crocker Rangeptreentage of molecular
variation detected among the populations was 75% 285% within the populations
(P =0.001). Discerning three populationgvbfwinkleri along the administrative borders, i.e.
Sabah, Sarawak and Brunei, 83% of the variation dedscted among the populations and
17% within the populations (P = 0.001).

2.2.7 Haplotype and nucleotide diversity analysis

To better analyse the intra-population diversitgvesal genetic diversity metrics were
calculated using Haplotype analysis v1.05. Thes#&icseare summarized in Table 2-6 and
Table 2-7 and are further described in this section

For M. winkleri 22 haplotypes are detected for the Sarawak/Brpoeulation and eight
haplotypes for the Sabah population. All of the lbgpes for M. winkleri are private
haplotypes (22 for Sarawak/Brunei and eight fore®dbForM. tanariusone haplotype was
found in Sarawak/Brunei, while four haplotypes detected in Sabah, three of which are
private.

For M. winkleri the effective number of haplotypes is 10.57 fora8ak/Brunei. This is
roughly three times the effective number of hapglety for Sabah, 3.69. Conversely, the
effective number of haplotypes ff. tanariusis similar in both Sarawak/Brunei, 1.00, and
Sabah, 1.10.

The mean value of the haplotypic richness)(Rarefied for a samplsize of 11, is 5.21 in
M. winkleri, while for M. tanariusit is 0.25 (Table 2-6). The unbiased genetic digrindex
(Nei 1973) presents the amount of genetic divergiihin each population ranging from
0 (= no variation) to 1. Total genetic diversity #d. winkleri (0.80) is 16 times the value of
M. tanarius(0.05).

In order to distinguish regional haplotypic riche@sdividual calculations were performed for
both Sabah and Sarawak/Brunei ¥r winkleri these are 3.16 and 7.28, respectively. The
same regional calculation was performed for theematogastermsp. 8 sequence data
(Braasch 2008). The haplotypic richness was 3.1&abah and 9.04 in Sarawak/Brunei.
Considering genetic diversity west and east of @necker Range (Table 2-7), the rarefied
haplotypic richness foM. winkleri is approximately two and a half times west comgaéace
east of the mountain range, whileNh tanariusthe values are in a similar range west and east
of the Crocker Range.
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Table 2-8.Intraspecific values for haplotype and nucleotidesisity for all M. winkleri, M. tanarius
andM. winkleriellasamples. These values were also calculatefaanariuswith only Borneo, for
M. winkleriwith only Sabah and favl. winkleri with only Sarawak/Brunei.

Category of Category of Interpretation

i 0,

Species Samples Hd ™ [%)] Hd # T "
M. winkleri allindividuals  0.914 (+0.015)  0.520 (+0.022) High Hd High 1
M. tanarius all individuals*  0.449 (+0. 058) 0.065 (+0.010) Low Hd Low 1T 2
M. winkleriella  all individuals ~ 0.385 (+0.132)  0.021 (x0.007) Low Hd Low 1T 2
M. tanarius only Borneo*  0.167 (+0,056) 0.010 (+ 0.003) Low Hd Low 1T 2
M. tanarius only Borneo 0.074 (£0.040)  0.004 (+£0.002) Low Hd Low 1T 2
M. winkleri only Sabah 0.745 (¢0,031)  0.063 (+0.007) High Hd Low T 3
M. winkleri :?J;“é"iak / 0.928 (+0,026)  0.358 (+0.018)  HighHd  Low T 3

Categories and implications (#) after Lowe et al. (2004): Haplotype and nucleotide diversity is low if < 0.5
and high if > 0.5.

Behind the values in brackets the standard deviation is shown.

Asterisk indicates that microsatellite information was included. Numbers in column "Interpretation" are
deciphered below the table.

Hd = haplotype diversity
T = nucleotide diversity

1. Large stable population with long evolutionary history. Secondary contact between differentiated lineages.
2. Recent population bottleneck. Founder effect with single or few organelle lineages.
3. Bottleneck followed by rapid population growth and mutation accumulation.

Genetic vs. geographic distance M. winkleri
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Figure 2-14. Plot of genetic vs. geographic distance. Each mgtresents one individual of
M. winkleri. The lines are results of regression analyses. fignse illustrates a combination of a

histogram and a scatter plot. Each point in thdtescalot represents one bin of size five along the
geographical distance axis and the size of eacht psidetermined by the number of pairwise

comparisons in the corresponding bin as specifigde legend.

Abbreviations in the legend as follows: Sab = Salkan = Sarawak, Bru = Brunei, HT gr = Haplotype

group, w = west, e = east.
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Haplotype diversity (Hd) and nucleotide diversity) (were calculated in DnaSP for
M. winkleri, M. winkleriella, and M. tanarius In both measurement$). winkleri has the
largest genetic diversity ad. winkleriellathe smallest (Table 2-8).

When considering only the samples from Borneo, hecivM. winkleriis endemic, Hd is five
times higher inM. winkleri than in M. tanarius (including the microsatellite information),
while 7 is 50 times higher.

The haplotype and nucleotide diversity is categatias either low or high, which then allows
for the assigned interpretation of the populatigstdny, according to Lowe (2004,p. 173).
Both categorizations as well as the corresponditegpretation are shown in Table 2-8.

2.2.8 Analysis of spatial genetic correlation

The Mantel test for all samples B winkleri (Figure 2-14) shows a positive correlation. The
coefficient of determination is®R= 0.540 and the correlation coefficient is R =3% between
geographic and genetic distance. The probabilay tiere is no relation between the matrices
using 9,999 random permutations is P < 0.001. @enisig only theM. winkleri individuals
west of the Crocker Range, the correlation betwgeagraphic and genetic distance is
positive (R =0.346; R =0.588; P < 0.001Macaranga winkleriindividuals east of the
Crocker Range also show a positive correlation betwgeographic and genetic distance
(R*=0.163; R = 0.404, P < 0.001).

The Mantel test for the Bornean individualsMf tanarius shows no significant correlation
(P=0.272). When theM. tanarius individuals from Malay Peninsula, Java, Sumatrd an
Australia are included, the Mantel coefficient etetmination is R= 0,782 (R = 0.884) and
the probability is P < 0.001 (Figure 2-15).

The use of relative sizes (based on frequency saisalyn the scatter plot helps to better
understand the calculated regression lines. Tlgedaized points represent a weighting in the
regression analysis of multiple data couples haviitp the same relationship between
geographic and genetic distance.

When visualized in this way, these weighting clustdearly illustrate the nature of the slope
of the regression line. Otherwise, what are cleatétistical outliers would appear equally
weighted with higher density data, and it would hetclear visually why these appear to be
ignored by the regression analysis.



48 Comparative phylogeographic and population gené&t analyses of threeMlacaranga species

Genetic vs. geographic distance M. tanarius

@ Same location
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Figure 2-15.Plot of genetic vs. geographic distanceNtacarangatanarius.Each dot represents one
individual of M. tanarius Individuals from Sumatra, Java, Malay Peninsuha australia are
included. The line is the regression line. Thisifegis a combination of a histogram and a scattér p
to better illustrate the large number of comparssaith the same relationship between geographic and
genetic distance. Each point in the scatter plptegents one bin of size ten along the geographical
distance axis and the size of each point is detexthby the number of pairwise comparisons in the
corresponding bin as specified in the legend.

Abbreviations in the legend as follows: MP = Mal®gninsula, Sab = Sabah, Ka = Kalimantan,
Sar = Sarawak, Bru = Brunei.
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2.3 Discussion of the chloroplast data

The aim of the study is to test the hypotheses lohied effective seed dispersal ability of
M. winkleri due to the dependence on the ant, and good sgeerskl abilities dil. tanarius
which does not depend on an ant partner. Therefomere pronounced population structure is
expected for myrmecophyticM. winkleri than for non-myrmecophyticM. tanarius
Geographic barriers are expected to act strongethemmyrmecophytic species, due to its
limited dispersal ability.For M. winkleriella sister species oM. winkleri, low levels of
genetic diversity are expected, due to its resticiccurrence. In order to evaluate the validity
of the hypotheses phylogeographic analyses, armalggegenetic diversity and of spatial
genetic correlation were conducted based on DNAesces of three chloroplast regions.

2.3.1 Phylogeography ofMacaranga winkleri

Macaranga winkleriis a myrmecophytic pioneer species. Bdhwinkleri and its obligate
partner antCrematogastemsp. 8, are endemic to Borneo. Chloroplast DNA giivaluable
information concerning gene flow by seeds (Demestiad. 1996). Therefore the distribution
of the chloroplast haplotypes reflects the genw flia seed dispersal favl. winkleri. Birds
and small mammals are described as presumable rgridispersal agents in the genus
Macaranga(Béanfer et al. 2006, Weising et al. 2010). As $pecies has small seeds with a
violet aril, bird dispersal can be expected. Thiaynresult in long-distance dispersals,
although these would be rare events, as the sesadgathrough the intestinal tract of birds is
quite fast. Seeds remain in a bird for only fewrsaar at most a few days (Cruden 1966).

To test the hypothesis of a limited effective drspéability due to the dependence on the ant
partner, (hypothesis 1, chapter 1.2) Nh winkleri, the geographic distribution of the
chloroplast haplotypes (Figure 2-48Rs analysed. It shows that identical haplotypesiom

the same geographical region. This is in accordanitethe hypothesis and can indicétat
long distance dispersal of seeds rarely happenditiddally, it may reflect that long-distance
dispersal of the seeds to new areas, where nelikesints nor the plants are present, cannot
lead to the establishment of the plant as the csilogy ant is missing. This can be explained
either by limited dispersal abilities or by phildpa behaviour of the ants (Feldhaar et al.
2010). The authors showed that ant queens rarghedie over more than a few kilometres.

Genetic differentiation of M. winkleri for Sarawak/Brunei vs. Sabah and west vs. east of
the Crocker Range

The chloroplast haplotype network Mt winkleri (Figure 2-5) shows two groups with a clear
split between individuals from Sarawak/Brunei arab&h. HT group 4 (one individual) from
eastern Brunei is found between the two groupsu@tional steps away from Sabah and
8 steps from Brunei. InM. winkleri no haplotypes are shared between Sabah and



50 Comparative phylogeographic and population gen&t analyses of threeVlacaranga species

Figure 2-16. Topographical map of the island of Borneo, indigathe central mountain range that
separates the island and the Crocker Range todtik, ividing Sabah into a western and eastern
part. Map modified after Wikipedia.org.

Sarawak/Brunei, i.e. all haplotypes detected inaBahre private for this region and all
haplotypes detected in Sarawak/Brunei are privatettat region. Also the PCoA clearly
illustrates this split (Figure 2-8), by showing 8aek/Brunei and Sabah as two distinct
groups. The intermediate position of HT group 4hi@ chloroplast network is also obvious in
the results of the PCOA, as it is detected betwbentwo groups. The high differentiation
between the two groups is reflected by the resafitthe AMOVA, in which 81% of the

differentiation in M. winkleri is detected between the individuals of Sabah #udet of
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Sarawak/Brunei, while within these groups only 1%% differentiation was detected.

Accordingly, the results of the assignment analysiag both STRUCTURE and INSTRUCT

clearly indicate these two groups, Sarawak/Brumal &abah. The intermediate state of
HT group 4 becomes again obvious as this individeahssigned to Sarawak/Brunei by
STRUCTURE and to Sabah by INSTRUCT for K = 2.

Within the regions, the geographic distribution tbe haplotypes (Figure 2-6) suggests
isolation by distance effects, as identical hagleyare found almost exclusively in the same
geographic regions. Furthermore a Mantel test waafopned to check for spatial genetic
correlation for individuals of Sarawak/Brunei vsaab@h. It resulted in both significant and
positive correlations, (R =0.588, R =0.404, resipely). Cohen (1988) categorized the
power of the correlation coefficient R as followsone” (0.0 to 0.09), “small” (0.1 to 0.3),
“medium” (0.3 to 0.5) and “large(0.5 to 1.0). Following this categorization, the retation

of geographic and genetic distanceNh winkleri in Sarawak/Brunei is large, while it is
medium for Sabah. Thus, for both groups a cleaecefbf isolation by distance can be
detected, with the genetic decline by distancedhbigher in Sarawak/Brunei than in Sabah.
Furthermore the Mantel test indicates isolationMeen these two groups, as shown by the
regression line for aM. winkleri individuals (Figure 2-14), which has the largedationship
between geographic and genetic distances (i.ehitjigest slope). This means that for the
same geographic distance, two individuals fromedéht groups will have a larger expected
genetic distance than two individuals from the sgmnoeips.

Taken together, each of these analyses Kbrwinkleri indicates a strong genetic
differentiation between the groups. In this contéx¢ results can further indicate that
M. winkleri has been evolving separately in both regions fong time, and that intermediate
states have become extinct.

As already discussed the biogeography of plantsaandals on Borneo is strongly influenced
by a range, which runs to the Crocker Range imthtéh (Figure 2-16). The central mountain
range forms a dispersal barrier for the lowlandafland fauna (Cannon & Manos 2003, Slik et
al. 2003, Moyle et al. 2005, Banfer et al. 2006eRa&t al. 2009). Therefore, it was also
analysed whether the Crocker Range is a geograpdriger for M. winkleri dividing the
individuals in those west and east of the mountange. Division of the samples of
M. winkleri into individuals west and east of the Crocker Ramgsults in 22 private
haplotypes out of 23 haplotypes in total for thengkes west and seven private haplotypes out
of eight haplotypes for the samples east of thenteon range. Thus, the separation indicated
for the groups Sarawak/Brunei vs. Sabah is morequmaced than for the groups on either side
of the mountain range. This is in accordance whih tesults of the AMOVA. The level of
molecular variance among individuals from Sarawaligi vs. Sabah is slightly higher than
for the M. winkleri individuals west and east of the Crocker Range (8486 75%,
respectively), not indicating the mountain ranga @imary barrier to dispersal.

Taken together, the genetic differentiation detdbtr the groups Sarawak/Brunei vs. Sabah
is stronger than for individuals west and easthef €rocker Range, suggesting this to be an
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older genetic separation bf. winkleri. The Crocker Range, thus, could not be shown ta be
strong barrier to dispersal, as hypothesised (lngsi$ 7, chapter 1.2).

The split withinM. winkleri between Sarawak/Brunei and Sabah may be duegménatation
into two (or more) separate refugia during aridiqos of the Pliocene. When better
conditions resumed, the subpopulations again exg@hnblut have not yet been in genetic
exchange, as indicated by the fact that the hapéstyare private for these two regions. This
can be explained by a low effective speed of calation via seedM. winkleri does not occur

in the southwestern part of Sabah (personal conpation by Brigitte Fiala, and personal
observation), probably due to anthropogenic detatiesm during the last century. Therefore,
gene flow amongy. winklerifrom the subpopulations Sarawak/Brunei and Sabphoisably
limited. Between Sabah and Sarawak/Brunei theeehgh number of missing intermediate
haplotypes, which could reflect haplotypes that doee extinct due to anthropogenic
deforestation. However, it seems improbable thiatldtrge number of missing intermediates
is only a reflection of the relatively recent defstation. Since no intermediate haplotypes
were detected, even in proximity of the deforestegh, an older separation of the two groups
is suggested. The identical chloroplast haplotygeated inM. winkleri on both sides of the
mountain range can be explained by a refugium ibaBalocated in or near the Crocker
Range and the species spreading out to both sides cange.

However, due to the low abundanceMfwinkleriin Sabah west of the Crocker Range, only
three samples from this region were included inahalyses. This low number is limiting the

informative value of the comparison of the genéiiterentiation between the groups Sabah
vs. Sarawak/Brunei and individuals west and eastefCrocker Range.

Two colonisation scenarios foMacaranga winkleri

The chloroplast haplotype network Idf. winkleri andM. winkleriellaallows for two different
putative biogeographic histories of the species:

(i) The putative root of the chloroplast haplotypetwork (indicated by the * in Figure 2-5),
suggests this position to be the ancestral orM. iwinkleri. However, the position of the root
is not certain. In statistical parsimony networlalgses, the reliability of the method drops
with genetic distances and especially with missingrmediates (Woolley et al. 2008).
BetweenM. winkleri, M. winkleriellaand the outgroup, a high number of mutational steps
the form of missing intermediates were detectedyedesing the reliability. Assuming that
interior positions in the network represent aneddtaplotypes while tip positions represent
derived haplotypes (Castelloe & Templeton 1994) aodsidering the putative root of the
network, the ancestral haplotypes are detectediav@&k/Brunei, while the more derived ones
are detected in Sabah. The spatial distributioth@fchloroplast haplotypes together with their
positions in the haplotype network suggest a stepwiolonisation of Borneo from the
southwest to the northeast, more detailed fromhgwaotand central Sarawak to northeastern
Sarawak, then to Brunei, from there to western Batbeen to Central Sabah and from there to
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eastern Sabah. Congruently, Banfer et al. (200@)red a migration for th&ingii group of
Macarangafrom northeastern Sarawak to eastern Sabah.

The haplotypes are geographically confined, witk emception, HT group 11 (northeastern
Sarawak), which is genetically closest to HT gr@ujgentral Sarawak). This can be explained
by long distance dispersal from central SarawakS#ébah the haplotype and nucleotide
diversity is lower than in Sarawak/Brunei. This irs accordance with the fact that the
haplotypes in Sabah are the more derived and yowrgss, and populations did not have as
much time as in Sarawak/Brunei to accumulate gernifierences. This is further shown in
the haplotypic richness, when calculated for Sabahonly 3.16, while it is approximately
two and a half times larger (7.28) in Sarawak/Brune

This contradicts the hypothesis of a higher genéliversity for Sabah compared to
Sarawak/Brunei due to the persisting rain foresSabah (hypothesis 9, chapter 1.2). A
possible explanation could be that the speciesgiwbccurs in gaps in primary forest, did not
have many suitable habitats (as no gaps or opes avere created during drier phases), and
thus had a small population size in Sabah.

(i) Another putative position of the root of thalgroplast haplotype network (indicated by
the *2 in (Figure 2-5) was inferred using the néighjoining cluster algorithm. In this case
the root is located between individuals from Sahati Sarawak/Brunei. This location of the
root can indicate an early fragmentation of indindts from Sabah and Sarawak/Brunei. In
this scenario the chloroplast haplotype networkgssts the existence of one (or two) refugia
for M. winkleri located in Sabah and four refugia in Sarawak/Bruiiée retreat of
M. winkleri into refugia was probably caused by the fragmentadf the rainforest during
arid periods in the Pliocene (Morley 2000, Ingerv&ris 2001, Quek et al. 2007). When
preferable conditions resumed, the species begaadipg out anew from their refugia. The
small number of haplotype groups and the close tgenelatedness of the latter in Sabah
suggest that only a small number of individualsg &mus a small number of chloroplast
haplotypes survived in one or two refugia. Howewasgording to Gathorne-Hardy et al.
(2002), Sabah was persistently covered with ramesio ForM. winkleri in Sarawak/Brunei
the chloroplast haplotype network shows more dffi@ation, but each haplotype group was
detected on a smaller scale than for Sabah. Theogitast haplotype network suggests the
existence of four refugia in Sarawak/Brunei kbrwinkleri: one in central/southern Sarawak
(HT group 9 and 10), one in northeastern Sarawak didup 7), one in western Brunei
(HT group 8) and one in eastern Brunei (HT groupld)Sarawak/Brunei a high number of
missing intermediate steps were detected. Missitegmediates can either be haplotypes that
were not sampled, or haplotypes that went extiBetween HT groups 5,7 and 8 the
sampling is geographically dense, thus, it is mu@bable that the species went through a
genetic bottleneck and these chloroplast haplotypssame extinct. The high haplotype
diversity of M. winkleri (0.928) together with the low nucleotide divers{}.358%), as
categorized by Lowe et al. (2004), in Sarawak/Brueftects a rapid population growth, with
mutation accumulation after the genetic bottlen&die haplotype groups detected in central
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and southern Sarawak (HT group 9 and 10) are depairmm the haplotype groups northeast
of it by huge deforested areas with plantationser&tthe species does not occur any more.
This may explain the missing intermediates in thioroplast haplotype network between
these groups.

In Sabah only one missing intermediate was detgdteticating a dense sampling and a
continuous presence of the species in this regitwe. value for the haplotype diversity in
Sabah (0.745) is smaller than in Sarawak/Brunei, ghill clearly categorized as high. In
combination with the low nucleotide diversity (0396), a genetic bottleneck can be assumed
to have also occurred in Sabah, according to Ldved €2004).

Amount and origin of Crematogaster msp. 8 individuals
1-3
6
7 @ sabah

?1 (Osarawak and Brunei

14
20
37

Figure 2-17. Crematogastemsp 8 haplotype network calculated with TCS of 135 segasnof
mitochondrial DNA redrawn and modified after Braa$2008). The circle size is representative of the
number of individuals in which the haplotype wasrfd. Black dots present missing intermediates.

Macaranga winkleri and its specific ant

In Sabah forM. winkleri only three haplotype groups (comprising eight bgpes in 46
samples) were detected, while in Sarawak/Brunehtdigplotype groups (comprising 22
haplotypes in 41 samples) were detected. Simildhg, number of haplotypes detected in
Crematogastemsp. 8 (Figure 2-17), based on data of Braasch8(209 much smaller in
Sabah (6 haplotypes in 78 samples) than in Sar8makéi (17 haplotypes in 58 samples).
For a better comparability, taking the differenimgde sizes into account, the rarefied
haplotypic richness was calculated krwinkleri and its specific ant. The haplotype richness
of M. winkleri in Sarawak/Brunei is 7.28 and f@rematogastemsp. 8 in the same region is
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9.04. In Sabah the haplotype richnesMofvinkleriis 3.16 and foCrematogastemsp. 8 it is
3.18. In both the plant and the ant, the sameioealstip exists between regions with the
haplotype richness in Sarawak/Brunei roughly twd anhalf times the richness found in
Sabah. This is an indication that both Mewinkleri and Crematogastemsp. 8 populations
are younger in Sabah than in Sarawak/Brunei. This @ontradictory to the expectations of a
higher genetic diversity for this region, due te thersisting forest in Sabah during the
Pleistocene (Gathorne-Hardy et al. 2002).

Braasch (2008) found that the population @fematogastermsp. 8 showed a clear split
between Sabah and Sarawak/Brunei (Figure 2-17% iBhin conjunction with its host plant.
The smallest mutational distance detected betwleetematogastemsp. 8 individuals of
Sabah and those of Sarawak/Brunei, is four stepgesd four steps correspond to three
missing intermediate haplotypes. Accordingly,Nh winkleri 5 missing intermediate steps
were detected between Sabah and the intermediatgrétip 4, and 7 missing intermediate
haplotypes between the intermediate group and S&/&nunei. Just as with. winkleri,
Crematogastemsp. 8 has no haplotypes shared between thesense(@oaasch 2008). This
can indicate for the ant, as with the plant, tié¢rmediate states have become extinct and
that the ant has been evolving separately in betjfions for a long time. A strong
differentiation between Sabah and Sarawak/Bruneai also detected fdCrematogasteants

by Feldhaar et al. (2010).

Considering the chloroplast haplotype networkvbfwinkleri it is difficult to decide which
colonisation scenario of the species (see pageasb)e more probable. IM. winkleri the
scenarios were created according to assumptiotvgooputative positions of the root. For the
mitochondrial haplotype network @rematogastemsp 8 no root was presented, thus, this
network does not provide further hints to whichreg® is the more probable.

Although Crematogastermsp. 8 is highly dependent dvi. winkleri, the level of genetic
structure was less pronounced than in other lessdpecificCrematogasteants from the
subgenusDecacrema (Braasch 2008). This hints towards a better dsgleanbility of
Crematogastemsp. 8, compared with the other ant species. Taisbe explained by the
bigger body size of msp. 8 ant queens in comparigsahe ants from subgeniecacrema
(Feldhaar et al. 2010), providing better mobil&ypositive correlation between body size and
flight distances of other insects, was shown by&ii995).

To sum up, Figure 2-5 illustrates the genealogielationship of the chloroplast haplotypes of
myrmecophyticM. winkleri, indicating two possible colonisation scenarios tlie species
under study: (i) suggests a stepwise colonisatibrBarneo from the southwest to the
northeast and (ii) suggests the spread of the spé&@m one or two refugia in Sabah and four
refugia in Sarawak/Brunei. Possibly the retreatth&f species into refugia was caused by
fragmentation of the rainforest during arid pericafsthe Pliocene. Both scenarios seem
equally probable.

Within both regions west and east of the mountaige isolation by distance was detected,
indicating limited seed dispersal distances. Thiatéd dispersal is more evident between
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regions west and east of the Crocker Range as shgwre Mantel test. This can indicate that
the mountain range acts as a geographic barrdispersal.

The results foM. winkleri and its specific ant are congruent in showindgh@ split between
Sabah and Sarawak/Brunei and (ii) the higher hgpiotichness for Sarawak/Brunei than for
Sabah.

2.3.2 Phylogeography ofMacaranga winkleriella

This species is found growing on limestone in aywearrow distribution range, namely
Gunung Mulu National Park in Sarawak (Whitmore I97Mlacaranga winkleriellais
probably an obligate myrmecophyte type 1 and cekxhiby msp. 8f non-Decacrema
Crematogaste(Fiala et al. 1999).

A low genetic diversity foM. winkleriellawas hypothesised, (hypothesis 3, chapter 1.3), as
small populations are affected more strongly byegierdrift and the chances for new alleles
to originate are lower among fewer individuals. Hypothesis is supported by the results, as
one haplotype group (two haplotypes), comprising tifirteenM. winkleriella individuals,
was detected. This is in accordance with studieBreft and Randall (1995), who showed a
small number of haplotypes for a locally endemiecsps, Deschampsiamackenzieana
(Poaceae).

The haplotypes oM. winkleriella are nine and ten mutational steps away from ggesi
species M. winkleri, specifically M. winkleri’'s HT group 9 from central Sarawak. The
mutational distance for this interspecific relasbip is not large, considering that for
M. winkleri 29 mutational steps were detected on the intréspésvel, which might indicate
that they resulted from a more recent split.

To sum up, the individuals of the narrowly endemicwinkleriellaincluded in this analysis
comprise a small number of haplotypes (2). Theynare and ten mutational steps away from
their sister specieM. winkleri. A low genetic diversity is also expected for thése and
endemic species.

2.3.3 Phylogeography ofMacaranga tanarius

Macaranga tanariudgs a non-myrmecophytic pioneer tree. It is the meslespread of all
species in the genus, ranging from India to Chimé south through Thailand and throughout
Malesia to New South Wales, Australia, and the Bolo islands.

In the chloroplast haplotype network of 100 induads of M. tanarius (Figure 2-3), from

Borneo, Malay Peninsula, Sumatra, Java and Australily seven haplotypes excluding and
11 haplotypes including the SSR loci were detecitduls low number of haplotypes is also
reflected by the haplotype diversity of 3. tanariusindividuals of 0.449, even when the
microsatellite information was included. Howevérshould be noted that this value is on the
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border of the high category according to Lowe e{2004). The inclusion of the variation in
the faster evolving microsatellite regions did gisimall levels of genetic subdivision. HT 1
(occurring exclusively in samples from Borneo) whsgided into three subhaplotypes and
HT 3 (one sample from the west coast of Sabah aedsample from Java) as well as HT 6
(17 samples from Malay Peninsula) into two subhigplkes each.

Western Sabah is harbouring the highest numbeapiblypes per area (HT 1a, 2, 3a, and 4),
but the nucleotide diversity is low, as HT 2, 3a dnare only one mutational step away from
the most widespread HT 1a. This can indicate alrpppulation growth from a small founder
population, assuming that there has been sufficisneé for the recovery of haplotype
variation, but too little time to accumulate largequence variation (Lowe et al. 2004). This
elevated haplotype diversity may have been uncdvarewestern Sabah due to the more
intensive sampling within this region.

For M. tanariusa very low genetic differentiation within Borne@svdetected. This is shown
by the PCoA results (Figure 2-9), where all bueéhindividuals from western Sabah are
projected onto the same point (microsatellites wketl). Furthermore the results of
STRUCTURE and INSTRUCT (Figure 2-13) reflect thmwl genetic differentiation, as
neither program detects any population structurtaénanalysed individuals. The low genetic
differentiation and the lack of genetic substruetuithin the samples from Borneo (Figure
2-3 & Figure 2-4) can be indicative for a young agel a rapid extension of the distribution
range of the species. Alternatively, the speciaddcbave recently undergone a population
bottleneck followed by a fast colonisation. Thisnsaccordance with the fact that this species
is a non-myrmecophytic species and, thus, indepgnalethe presence of a colonising ant
species. This independence facilitates successfplersal to new areas. Furthermore the
sticky and small seeds ®. tanarius may stick easily to the fur of mammals and also to
feathers, feet and beaks of birds and can thuffioestly dispersed.

The nucleotide diversity is low (0.010%) for all lBeanM. tanarius One possible reason for
low haplotype and nucleotide diversity in Born@dntanariuscould be a lack of variation in
the organelle markers used. However, the threeapilast markers that were used proved to
be highly variable irM. winkleri. The ccmp 5 marker was also variable in offdlacaranga
species analysed (Vogel et al. 2003). Thereforerthkkers should reflect the true situation of
low haplotype and nucleotide diversity in this Spsc

In the chloroplast haplotype network BE. tanariusfour missing haplotypes were inferred.
Missing haplotypes can indicate an extinct or amaklaplotype, or a haplotype, that was not
sampled. Only one missing haplotype was detectéddem the most common haplotype
found on Borneo and the Sumatran haplotype. Thressimg haplotypes were detected
between Borneo and Australia, which is not surpgsas no additional samples of the
geographic region in between were included. Theédtgpes of the neighbouring islands, Java
and Sumatra, are both two mutational steps away Hd 1a. The largest mutational distance
that was detected in the chloroplast haplotype odtwf 100M. tanariusindividuals, is only

eight steps and was detected between individuals alay Peninsula and an Australian
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individual (~5,000 km distance).The mutational aligte from the main Bornean HT 1a to the
Australian haplotype is only 4 mutational steps roge distance of ~3,500 km. Between
Borneo and Malay Peninsula 3 and 4 mutational stegge detected on a geographic distance
of ~1,600 km.

Genetic differentiation of M. tanarius individuals from Borneo and Malay Peninsula

From Borneo to the Malay Peninsuld). tanarius exhibits 3 and 4 mutational steps,
indicating a high genetic differentiation compareith the other geographic distances in the
chloroplast haplotype network (see above). This iaccordance with the hypothesised high
genetic differentiation between individuals from I&laPeninsula and Borneo (hypothesis 8,
chapter 1.2) and fits with the findings of Banfemk (2006), who detected a clear separation
for the Macaranga section Pachystemon between Malay Peninsula, Sabah and
Sarawak/Brunei. Also Feldhaar et al. (2010) detectenetic differentiation among
populations of Malay Peninsula and Borneo €rematogasterants. The strong genetic
differentiation between Borneo and Malay Peninsaa be explained by vicariant evolution
between the island and the mainland, which mayetate with the Pliocene fragmentation of
the Sunda block (Gorog et al. 2004).

The Crocker Range - a geographic barrier forMacaranga tanarius ?

To test the hypothesis of the Crocker Range adma@ geographic barrier (hypothesis 7,
chapter 1.2) forM. tanarius the haplotypic richness (rarefied for the samgiee) for
individuals west and east of the mountain range eadésulated. IiVl. tanariusthe haplotypic
richness is higher west than east of the mountaige (1.7 and 1.0, respectively), but still in
a similar range suggesting that the species hasrectfor a similar amount of time on either
side of the range. West of the range, three priliafdotypes were detected, and one east of
the range. Taking into account the generally lowldigpe diversity in this species, this
indicates a certain amount of genetic differertimtiHowever, the haplotypes detected west
and east of the range are genetically highly sinitlae one private haplotypes east of the
range is only different in one fast evolving miatalite region from the most common
haplotype), and no indications for long-term indegent evolution were detected. This
contradicts the hypothesis of the Crocker Rangea dsng-term barrier to gene flow. In
contrast to this result, Guicking et al. (2011)ed¢ed inM. giganteaindications for long-term
independent evolution.

Possible colonisation route foiMacaranga tanarius

Assuming that interior positions in the network regent ancestral haplotypes, while tip
positions represent derived haplotypes, the indetatrigin of the chloroplast haplotypes for
the analysed data setMf tanariusis in Borneo.



Chloroplast analysis — Discussion 59

The chloroplast haplotype network can indicate kbrusation route of the species from

northern Borneo to Sumatra and from there to MBlaginsula, while Java was also colonised
from Borneo. These patterns can be explained byatnig across land connections. During
Pleistocene cold cycles land bridges existed (Mo#600, Cannon et al. 2009, Woodruff

2010), as the glacial cycles caused sea levelso r@peatedly (see geological history of the
Sunda Shelf in the Introduction). However, it canbe determined whether the inclusion of
further samples, either from the regions of theriiistion area that are not included or from
the regions presented with only one sample, wohlghge the network arrangement. For
example, tip positions may become inner positi@i®nging the assumed origin of the
chloroplast haplotypes, and thus the colonisatortes ofM. tanarius

Pioneer tree habit ofMacaranga tanarius

Pioneer species have unique life histories and lptipn structures. They are often
characterized as showing early and frequent flavgeaind the production of small and easily
dispersed seeds (Swaine & Whitmore 1988).

This is in accordance witk. tanarius which flowered for the first time after only tlergears
in the greenhouse (personal observation). In Wh#m@008), M. tanarius is said to be
flowering frequently throughout the year and pradgesmall fruits. In addition, the nature of
the M. tanariusseeds lends itself to efficient long-distance saisgersal by birds and small
mammals.

The seed germination of tropical rainforest piorteses such dsl. tanariusis triggered by an
increase in red light or the strongly fluctuatiegnperature of soil exposed to full sunlight for
part of the day (Swaine & Whitmore 1988). Thus hbibiggers are provided by gap creation.
Also for seedling establishment and growth, piornteees require full sunlight (Swaine &
Whitmore 1988). That is why pioneer trees are founnaopenings in the forest or in other open
areas. As a consequence of logging, road buildimhather human activities, pioneer trees
have become more abundant in many tropical lan@ésc@puicking et al. 2011).

Two contrasting models have been set up to expergenetic structure of pioneer species.
Wright (1940) postulated a strong population sulz$tire due to the usually small number of
individuals which colonise new areas, while Slatkif85) postulated reduced differentiation
among populations due to elevated rates of geng By frequent local extinction and
recolonisation. The low level of genetic structgriof M. tanariusis consistent with previous
studies on tropical pioneer trees (Alvarez-BuyllaGaray 1994, Muloko-Ntoutoume et al.
2000, Cavers et al. 2005) thus favouring Slatkimypothesis and the good seed dispersal
abilities hypothesised in this study (hypothesischapter 1.2). Cavers et al. (2005) for
example detected only two chloroplast haplotype&Qf individuals in the tropical pioneer
treeVochysia ferruginegVochysiaceae) in Costa Rica in a range of ~350 km

To sum up, Figure 2-3 illustrates the genealogiektionship of the chloroplast haplotypes of
non-myrmecophytidVl. tanarius indicating a young age of the species and a rgpidad of
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the distribution range or a recently undergone faimn bottleneck followed by a rapid
colonisation. The geographic distribution of thelogypes (Figure 2-4) shows the generally
low nucleotide diversity, and thus genetic simtlatbetween theM. tanariusindividuals in
the sampled distribution range. The reduced diffig@éon among populations can indicate
elevated rates of gene flow by frequent local ettim and recolonisation. This is in
accordance with the independence of the speciesdadonising ant species.

The colonisation route, indicated by the haplotymgwork, is from northern Borneo to

Sumatra continuing to Malay Peninsula, while Jaws wlso colonised from Borneo. This
route may reflect the existence of land bridgesvbet Borneo, Java and Sumatra during
Pleistocene cold cycles.

2.3.4 Comparison of Macaranga winkleri and Macaranga tanarius

Comparison of the data of myrmecophytic winkleri with non-myrmecophytid\. tanarius
reveals clear differences in the population stmgctMacaranga tanariushows a much lower
differentiation in the chloroplast markers thaw. winkleri. The number of effective
haplotypes foM. winkleriis greater than that fo. tanarius(7.13 vs. 1.05). Furthermore the
mean genetic diversity, which is measured on aest@m 0 to 1, is much greater for
M. winkleri, which approaches the maximum measure with 0.8fhpared toM. tanarius
which is at the extreme opposite end of the sc#le ®04. This diversity is more emphasized
by the rarefied haplotypic richness, with a high7B3for M. winkleri vs. a low 0.24 for
M. tanarius

While M. winkleri shows effects of isolation by distance, these ctba detected on the same
geographic scale (Borneo) fd. tanarius Thus, in total, whileM. tanarius shows a low
genetic differentiation and a lack of genetic sugtire, the data d¥l. winkleri looks clearly
different, showing a much higher genetic diversityd in accordance with the expectations
(hypothesis 6, chapter 1.2), a much more pronoupogdlation structure.

The differences in genetic diversity betwédénwinkleriandM. tanariuscan indicate

(i) a younger age oM. tanarius compared tavi. winkleri. However, it is not possible to
compare the ages of these species, using avajiiylegenies of the genus (Blattner et al.
2001, Davies 2001, Slik & Van Welzen 2001, Kuljua&t2007).

(i) differences in dispersal abilities &fl. winkleri and M. tanarius. These can be due to
different dispersal distances and seed producliba.distances of dispersal can vary because
of different dispersal agents. Unfortunately stadia the dispersal agents of the species under
study are not available, only general informationtbe genus’ dispersal vectors (birds and
small mammals), making a precise comparison betwezstudy species difficult. However,
the seeds d¥l. tanariusare sticky, which can alleviate long distance éispl.

(i) differences caused by the ant-associatiorViofwinkleri. Although high levels of gene
flow in sectionWinklerianaeare expected, as no signs for radiation were tigtethe plant
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can only establish if the colonising ant specieprissent. In contrast, the establishment of
M. tanarius is independent of a specific ant species, alloviorgsuccessful establishment of
the plant in new areas. Thus, M.tanarius gene flow is elevated compared to the
myrmecophyticM. winkleri, leading to reduced differentiation among popalai and fast
colonisation. The requirement of the presence ef ghrtner organism i. winkleri for
successfukstablishment, can explain the geographic struafitbe chloroplast haplotypes,
as the plants have to establish within flight dist& of the Crematogaster msp. 8 ants.
However, Guicking et al. (in preparation) could radtribute the population structure of
myrmecophytic M. hypoleuca and M. beccariana from section Pachystemon to their
association with ants, even though the relationghiughly specific. Using three chloroplast
microsatellite markers the detected populationcstine was no more pronounced than in
other Macaranga species. In addition, Guicking et al. (20dBtected a similar number of
chloroplast haplotypes and similar levels of genéliversity for both non-myrmecophytic
M. gigantea and myrmecophytid/. pearsonii (both sectiorPruinosae). Weising et al. (2010)
showed the extent of population differentiation hiwit myrmecophytic vs. non-
myrmecophytic species to be in a similar range@mntluded that the hypothesis of enhanced
allopatric speciation cannot be sustained for tiedysed species. In accordance with this, the
haplotype diversity detected for myrmecophylt winkleri is similar to those for non-
myrmecophytic M. gigantea and myrmecophyticM. pearsonii (0.914, 0.915 and 0.894,
respectively) (Guicking et al. 2011). However, aedi comparison of the values for
M. winkleri with the values of the other two species might nisleading, as different
chloroplast markers were used and the mutationmnnatevary.

Comparing another non-myrmecophytic and ecologicsilnilar speciesM. gigantea, with

M. tanarius, for the Bornean samplethe values for haplotype diversity are much smaller
(0.915 vs. 0.449, respectively). This suggeststtimbbserved genetic structure and diversity
should not be exclusively attributed to the nonsmgcophytic trait oM. tanarius, but other
factors such as the probably young age of the epetiould be considered.

Weising et al. (2010) rejected the hypothesis dfagiced allopatric speciation and proposed
instead to consider the colonisation by ants asyaiknovation that opened a new adaptive
zone for both partners, making new habitats aviglalvhile the ants that entered the
mutualistic association were able to circumvent gention with arboreal ants for nesting
space and foraging grounds, the plants that rechants could grow more successfully in
disturbed or open forest areas, because their garfprotect them from competing plants.
Therefore, myrmecophytes have a clear advantageireer habitats over plants which are
not inhabited by ants. ConsequenMacaranga plants could have diversified in their pioneer
tree habitats and the ants could have driven ftifereintiation of the plants by changes in their
morphology and behaviour. In turn, changes in plaaits relevant for the mutualistic
relationship (e.g. nesting space, food resourcesldchave driven the differentiation of the
ant partners. In sectiolMinklerianae, where only one ant species occurs as mutualistic
partner, the specific ant apparently did not dthe differentiation of the plant.
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(iv) differences in the habitats the species gromMacaranga winkleri is a pioneer tree that
occurs in open areas and on edges of primary asahdary forest, but is not likely to cross
completely deforested areas, whilg tanarius is likely to also cross areas of completely
disturbed vegetation. This can lead to a stronffecteof the fragmentation of the landscape
on M. winkleri than onM. tanarius. In the last decades the tropical rain forest reenhused
extensively, and thus the tropical landscape has lb®gmented. Fragmentation is likely to
lead to reduced gene flow among populations, cgusinonger genetic differentiation.
Additionally, the effects of genetic drift act mos&ongly on smaller populations and may
cause some genetic variants to disappear compldtedyeby reducing genetic variation
within the population. The regional genetic patseimM. winkleri could thus be explained by
species fragmentation, while populationdvbftanarius are still connected via gene flow and
those ofM. winkleri are isolated by deforested areas.

However, it is hard to imagine that the anthropagdémgmentation of the forest, which has
existed for only a few tree generations, has ajreagd such a strong influence on the
population structure. For such a significant popaladifferentiation to occur, it may require
more time from the interruption of the gene flonusad by this isolation (Weising et al.
2010).

(v) differences in the population historlyl. tanarius could have undergone a population
bottleneck, resulting in low levels of genetic dsigy.

To sum upM. tanarius shows a much smaller genetic differentiation thanvinkleri. These
differences in genetic diversity can indicate (jyaunger age of the population expansion of
M. tanarius than forM. winkleri, (ii) a better dispersal ability d¥l. tanarius, (iii) facilitated
dispersal by independence of the ant, in contragtitwinkleri, and (iv) the ability of
M. tanarius to cross very disturbed vegetation in contrasiltavinkleri.

Generally, the population structure of the myrmégdie species M. hypoleuca and

M. beccariana from sectionPachystemon cannot be attributed to their association withsant
Comparing the non-myrmecophytM. gigantea and the myrmecophytit. pearsonii from
sectionPruinosae with M. winkleri shows very similar values for the haplotype diitgrs
leading to the conclusion that the hypothesis diaeced allopatric speciation cannot be
sustained for the analysed species. Instead tlomisation by ants can be considered as a key
innovation that opened a new adaptive zone, allgwior adaptive radiation and the
diversification of the genus in sectioRachystemon andPruinosae, but not inWinklerianae.

The comparison of the non-myrmecophytic spetMesanarius andM. gigantea shows great
differences in the genetic diversity suggesting tha differences betweeM. tanarius and
M. winkleri are not only attributed to the non-myrmecophytsc myrmecophytic trait, but
also putatively to the age of the species, popuidtistory or dispersal abilities.
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3 Microsatellite analysis

3.1 Materials and Methods

3.1.1 Development of microsatellite markers and transferof markers within the
genus

Nuclear microsatellite markers favl. tanarius and M. winkleri were created to augment
population genetic analyses of these species. Adgan of microsatellite markers are their
codominance, hypervariability and reproducibili8hérma et al. 2007).

In total three rounds of microsatellite developmprdcedures were performed. In the first
round (usingM. winkleri DNA isolated from a silica dried leaf) the enriatmb did not work
out. In the second round (again usiMgwinkleri DNA isolated from a silica dried leaf), the
enrichment procedure was successful using a lowdridisation temperature for the
biotinylated oligonucleotides (see below). Howewle 18 designed primer pairs did not
yield consistent PCR amplification products. Thedthround of microsatellite development
was successful using DNA isolated from a fresh fieah bothM. tanarius andM. hypoleuca.
The marker development was done in conjunction with University of Kassel, which had
the fresh leaf ofM. hypoleuca available from their green house. No fresh sanmpbes
available forM. winkleri as this species cannot be grown in a greenhousgit{® Fiala,
personal communication).

The microsatellite enrichment procedures followednadified protocol of Fischer and
Bachmann (1998), as described in detail in Baiat.2009), and is summarized as follows:

Using two different equimolar pools of biotinylatetigonucleotides for hybridisation, two
microsatellite-enriched genomic libraries were leisthed. The first pool was made up of
(GT)z, (CAA)s and (CAG}, while the second pool contained (GA)with hybridisations
performed at 76 °C and 68 °C, respectively. Theosatellite-enriched DNA fragments were
then ligated into pGEM-T Easy Vector System | (Pegan) and used to transfori coli
DH10B competent cells (Invitrogen). The screenihgalonies was performed using X-Gal
(5-Bromo-4-chloro-3-indolyl-beta-D-galactopyranasid and IPTG (Isopropyp-D-
thiogalactopyranoside), first for the positive (tei colonies which were subsequently
screened for microsatellite motifs. Positive clomnese identified by colony PCR with vector-
specific primers and subsequent Southern hybridisatith 3P end-labelled oligonucleotides
that carried the microsatellite motifs used forigdmnent. PCR products showing strong
hybridisation signals were re-amplified and sen&tcommercial sequencing facility (GATC
Biotech). From the four libraries (two pools forchaof the two species), 120 positive clones
were sequenced, of which 108 yielded readable segge Of these 108 sequences,
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Table 3-1. Newly developed primer pairs and corresponding tesults for PCR amplification and
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all but one contained a microsatellite. Primer dor 15 loci each oM. tanarius and

M. hypoleuca were designed for use in these genetic analysésal Idesign of the primer
pairs was performed using Primer3 software (RozenSKaletsky 2000), with final
adjustments and verification performed manually.

3.1.2 Test of the newly developed primer pairs and testof cross-amplification
within the genusMacaranga

A test of cross-PCR-amplification was performed fiot. winkleri, M. tanarius and
M. winkleriella using the following markers: Macin8h, Macin8n ¢oniating from
M. indistincta), Macpe6h, Macpe6j (originating fromd. pearsonii) (Guicking et al. 2006).
Locus Macin8f, Macinllj (originating fronM. indistincta) (Daniela Guicking, personal
communication). All but one marker (Macinl1j, whidld not amplify inM. tanarius) cross-
amplified in the three species under study, (TaBi¢). All markers were showing
polymorphism in the genotyping analysis and wehest included in the further analyses.
Macinl1lj for M. winkleri was excluded at a later state, when the samplganb® show
multiple peaks (Table 3-1).

Newly designed primer pairs (Baier et al. 2009) evrsted for amplification in the species
under study, plus otheMacaranga species for analyses at the University of Kassel
(M. motleyana, M. depressa, M. indistincta, M. pearsonii and M. gigantea). After the PCR,

5 ul of the putative PCR product were checked in &dlagarose gel.

All primer pairs that amplified successfully wenarther tested for usability as markers in
terms of variability and absence of multiple peékable 3-1) including ten individuals per
species and primer pair determining the fragmerg sh a MegaBACE 1000 automatic DNA
sequencer (Amersham Biosciences).

Fourteen primer combinations were successfully dmgl in M. winkleri: MactaGO01,
MactaG07, MachyAO03, MachyA06, MachyB04, MachyB10,adlyG07, MachyH11,
Macpe6h, Macpe6j, Macin8f, Macin8h, Macin8n and Mat] (Table 3-1). Primer
combinations showing multiple peaks or lacking &@oin during genotyping analysis were
excluded from further analysis. Eleven primer camabibns were subsequently used for the
genotyping analysis. Marker Macinllj was later adedd as it was resulting in multiple
fragments in the latter analysed part of the saspldltimately the following ten
microsatellite markers were included in the SSRIlyama for M. winkleri: MactaGO01,
MactaG07, MachyB10, MachyGO07, MachyH11, Macin8f,dw&h, Macin8n, Macpe6h and
Macpe6j. 561 individuals d¥l. winkleri (see Appendix Ajvere analysed for these markers.
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sequences, fluorescent label, repeat motif, sizbebriginal clone, the genebank accession number,

Table 3-2. The microsatellite markers forl. winkleri, M. tanarius and M. winkleriella, their primer
annealing temperature and PCR program used.
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Fourteen primer combinations successfully amplified. tanarius. MactaG01, MactaG07,
MactaG09, MachyB10, MachyGO07, MachyH11, Macin8f,dw&h, Macin8n, Macpe6h and
Macpe6j, MachyA03, MachyB04, MachyB11l (Table 3-After exclusion of the primer
combinations showing multiple peaks or lacking langariation, in the end 11 markers were
included in the SSR analysis fiot. tanarius: MactaG01, MactaG07, MactaG09, MachyB10,
MachyG07, MachyH11l, Macin8f, Macin8h, Macin8n, Me6p and Macpe6j. 353
individuals ofM. tanarius (see Appendix Ayvere analysed for these markers.

In M.winkleriella 14 primer combinations were successfully amplifiedlactaF03,
MactaG0l1l, MactaG07, MachyA03, MachyA06, MachyB04,addyB10, MachyH11,
Macin8f, Macin8h, Macin8n, Macinllj, Macpe6h and dde6j (Table 3-1). Of these ten
microsatellite markers were included in the SSRyasmafor M. winkleriella. These markers
correspond to those included fidr winkleri with one exception, MactaF03 was used instead
of MachyGO07 (Table 3-1). 12 individuals bf. winkleriella were analysed for these markers
(see Appendix A).

The markers foM. winkleri, M. tanarius and M. winkleriella, their primer sequences and
fluorescent label, repeat motif, size of the orjiolone and the genebank accession number
are summarized in Table 3-2.

PCR amplifications were performed with two differdgpes of programs, using different
annealing temperatures for the different markeh& dnnealing temperatures can be found in
Table 3-2, together with the specific PCR prograither 1, 2 or 3 (given in brackets after
each temperature) as described below:

(1) Initial denaturation at 95 °C for 5 min, followey 83 cycles of 95 °C for 30 s, the
annealing temperature for 30 s, 70 °C for 40 G for 8 min.

(2) Initial denaturation at 95 °C for 5 min, folled by 35 cycles of 95 °C for 45 s, the
annealing temperature for 60 s, 68 °C for 1 min;CGor 8 min.

(3) Initial denaturation at 95 °C for 5 min, folled by 35 cycles of 95 °C for 30 s, the
annealing temperature for 30 s, 72 °C for 2 min;G@2or 7 min.

Amplifications were performed in a volume of 1, containing 1 to 5 ng of genomic
template DNA, 1x buffer (containing 15 mM Mgl 10 pmol each of forward and reverse
primer, 0.2 mM of each dNTP, and 0.5 U of Tag DN#\ymerase (QIAGEN). To decrease
the formation of primer dimersy§ bovine serumalbumin (BSA) were added. To facilitate
the amplification of GC-rich regions and to incredbe specificity (Varadaraj & Skinner
1994) 3% dimethyl sulfoxide (DMSO) was added.

Microsatellite genotyping analysis

PCR was performed for the genotyping analysis using primer per pair containing a
fluorescent labelled dye, (FAM, HEX or TAMRA) footh genotyping systems, as described
below.
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For the genotyping analysis on the ABI Prism 37tbmated sequencer (ABI) (from Applied
Biosystems) a loading buffer mix (containing 18®f formamid, 70ul of loading buffer ABI
and 50ul of a genotyping size standard, as specified beleas prepared. 12 of the PCR
amplification product (in different dilutions depkng on the strength of the PCR product and
the colour of the label) was mixed with Qubof the loading buffer mix and heat-denatured at
96 °C for 2 min. Fragment lengths of the fluoresigeriabelled PCR products were
determined with an internal standard (GeneScanFOX; Applied Biosystems) on a 6%
polyacrylamide gel on the ABI.

For the genotyping analysis on the MegaBACE 10G0raatic DNA sequencer (Amersham
Biosciences), a loading buffer mix (7QDof loading buffer MegaBACE and 20 of the size
standard) was prepared.uB of PCR amplification products were mixed withul7of the
loading buffer mix and heat-denatured at 96 °CZXonin. The genotyping size standard was
the MegaBACE™ ET 400-R Size Standard (Amersham Biosciences)ef@ift dilutions
depending on the marker specific strength of theRR&Zoduct and the colour of the
fluorescent label were used. A general approximafr the dilutions according to the
colours was as follows: FAM: 1:60, HEX: 1:20, TAMRA:40. Fluorescent labels used can
be found in Table 3-2, with the respective primeggences.

For time and cost-efficiency between two and foarkers were run in one MegaBACE run,
as three differently coloured fluorescent dyesaua&lable, and dyes of the same colours can
be run in one run if the fragments sufficiently wam length. Two reference samples were
placed in each genotyping plate to reference fragrtengths over all genotyping runs, as
well as to be able to reference between the tweereit genotyping systems (ABI and
MegaBACE).

For the data obtained from the ABI system automiatie tracking was performed and refined
by hand in GeneScan 3.1 (Applied Biosystems). Hmed were then extracted and the data
imported into Genotyper 2.5 (Applied Biosystemsheve the fragments were manually
scored. Data obtained from the MegaBACE was andlysging Fragment Profiler 1.2
(Amersham Bioscience).

3.1.3 Assignment analysis using the SSR data

Two different Bayesian assignment approaches wepéed to infer population structure of
M. winkleri and M. tanarius using the programs STRUCTURE and INSTRUCT. The same
parameters as in the chloroplast assignment asalgsie used, but the input matrices contain
the fragment sizes of the alleles in this analyses. all calculations the admixture model was
assumed, which allows for mixed ancestry of eadividual, as we are dealing with nuclear
data, and thus expect mixed ancestry, i.e. biparanicestry. FoM. tanarius one calculation
was done using only the individuals from Borneo andther containing all individuals. In
this analysis, the number of populations testededrfrom K =1 to K = 20, as the value for
L(K) had not yet reached a plateau after K = 10e §hll increasing L(K) indicates that to



Microsatellite analysis — Materials and Methods 69

only analyse until K =10, as in the chloroplasalgsis, would not have been sufficient. Ten
replicate runs, per population K, were performed.

Determining the number of populations (K)

The determination of the optimal K was performedha same manner as in the chloroplast
analysis (see page 29). The maximal value of L@jaken over all replicate runs, the first
value in the plateau phase of the mean L(K), aed#iculation of Delta KAK) were used to
determine the optimal K in the STRUCTURE analySisnilarly, the determination of the
optimal K for the INSTRUCT analysis was to chodse $mallest DIC value of all replicate
runs, the first K in the plateau and the seconerordte of change in the averaged DIC value
(AK DIC).

Bar plots forM. winkleri and M. tanarius were created using the optimal Ks (except where
plots show no additional information), illustratirige assignment of each individual to K
clusters.

3.1.4 Principal coordinate analysis

Principal Coordinate Analyses (PCoAs) were condiitbebetter resolve the similarities and
dissimilarities of the genetic structure within tiécrosatellite data. Pairwise genetic distance
matrices, where two alleles can be either identedl) or different (= 1), were calculated for
(i) all 561 M. winkleri individuals, (ii) all 353M. tanarius individuals and (iii) for only the
BorneanM. tanarius individuals (305) using GenAlEx 6 (Peakall & Smew006). For each
of these three data sets, the distances were suroveedhe loci and PCoAs were computed
on these summed distances using GenAlEx 6.

3.1.5 Analysis of genetic diversity and differentiation

To compare the genetic diversity between the spameéer study, the rarefied allelic richness
was calculated using ADZE-1.0 (Szpiech et al. 2008)s measure allows for comparison of
the nuclear allelic diversity, without the biasttigintroduced by uneven sample sizes. The
rarefied allelic richness and the mean rarefiedliallrichness (i.e. averaging over the used
SSR loci) were calculated. For the entire micrdbeedata set of each ofl. winkleri,

M. tanarius andM. winkleriella the rarefaction number was set to g = 24 (the lestadample
size). The rarefied allelic richness was also dated for several subsets of bdih winkleri
and M. tanarius, rarefied for different values based on the ddsimmmparison. This
calculation was performed rarefied for both g =@ g = 70 for individuals west and east of
the Crocker Range, and just for g =6 for individultom Sarawak/Brunei vs. individuals
from Sababh.

To estimate amounts of gene flow and genetic diffgation between subpopulations of
M. winkleri and M. tanarius several measures of population differentiation weaksulated.
The pairwise population Nei's genetic distance (N&€i72) and Wright's inbreeding
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coefficient, st (Wright 1922), were computed using GenAIlEx. Inidd to these, Nei's
coefficient of gene differentiation,dg was also considered. However, more recent wosk ha
shown that the & calculation can result in low values for highlyriadle markers, even
when no alleles are shared between subpopulatitedrick 2005). As microsatellite markers
are highly polymorphic, in place of thesfHedrick’s standardizeddg G'st, was calculated
manually using the values of the average subpadpul&tardy-Weinberg heterozygosity and
the total population heterozygosity from GenAlExidrmula 4b from Hedrick (2005).

The differentiation values were calculated figk winkleri and M. tanarius between the

populations west and east of the Crocker Range Sawak/Brunei and Sabah. For
M. tanarius alone, these measures were additionally calculékeiiveen populations of
Borneo and Malay Peninsula to provide a baselimepewison with the other regional subsets.

To compare amounts of gene flow across similar gg@uc scales betweevi. tanarius and
M. winkleri, G'st was calculated between three sets of regions.eTteggons are: a) Northern
Sarawak and Brunei (plus southwestern SabaMfaanarius), b) northwestern Sabah and c)
eastern Sabah (see Figure 3-11).

The following are the genetic diversity and diffetiation metrics that are used in this work:

Theallelic richnessestimates the expected number of distinct allislaswill be observed
in a population rarefied for the sample size @eubsample of size g, randomly drawn
from the population) (Hurlbert 1971, Petit et &198).

The pairwise population Nei genetic distancgNei 1972) is a measure for the genetic
differentiation. This genetic distance is specif@da log scale, and is a measure of the
normalized identity (I) of genes between two popates with respect to all loci.

The pairwise population Fst value represents the degree of population genetic
differentiation. If the kr is small, it means that the allele frequencieshiwiteach
population are similar; if it is large, it meansaththe allele frequencies are different
(Holsinger & Weir 2009). The values range from Oltowhere a value of O implies
complete panmixis and a value of 1 complete sejparbetween the populations.

The standardized Gst (Nei 1973),G'st, (Hedrick 2005), also represents the degree of
population genetic differentiation. Whilesemeasures the amount of variation between
subpopulations, relative to the total populatiomiatéon, for Gsr, the magnitude is the
proportion of the maximum differentiation possibler the level of subpopulation
homozygosity observed. This allows for better consoa between loci with different
levels of genetic variation.

For M. winkleri and its sister speci®8. winkleriella, nine common SSR markers were used in
the microsatellite analysis (see page 65). Forethmanmon markers the shared alleles
betweerM. winkleri andM. winkleriella are determined and discussed.
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3.2 Results of the microsatellite analysis

3.2.1 Assignment analyses using the SSR data

Assignment analysis inMacaranga winkleri assuming the admixture model

Screening through all log probabilities M. winkleri (K =1 to K = 20) for all replicate runs
of STRUCTURE assuming the admixture model leadsht highest log probability for
K =16 (Table 3-3). The first K value in the platephase of the plot of the averaged log
probability of data L(K), which is supposed to he pptimal, is K = 3 foM. winkleri (Figure
3-1A). Also the less subjective determination ofvig the calculation oAK, results in K =3
(Figure 3-1B). The smallest DIC value ftv. winkleri is found for K =11 (Table 3-3).
Plotting the averaged DIC values the first K in fhateau phase is K = 3 (Figure 3-1C). Also
the plot ofAK DIC shows a peak for K = 3 (Figure 3-1D). Tabi® 3ummarizes the optimal
K values for M. winkleri assuming admixture using the programs STRUCTURHE an
INSTRUCT.

Assignment analysis inMacaranga tanarius assuming the admixture model

Screening through all log probabilitiesih tanarius (K = 1 to K = 15) in all replicate runs of
STRUCTURE assuming the admixture model leads tdhiheest log probability for K =11
in both the analyses with all individuals and thee avith only the Borneam. tanarius
individuals (Table 3-3).

The first K value in the plateau phase of the plothe averaged log probability of data L(K)
as a function of K (K=1 to K=15), which is syged to be the optimal, is K=5 for
BorneanM. tanarius (Figure 3-2A) and K = 6 for aM. tanarius (Figure 3-3A).

Table 3-3.Macaranga winkleri andM. tanarius. Optimal K values for the microsatellite data ssfts
both STRUCTURE and INSTRUCT assuming the admixtoredel, determined with different
methods.

STRUCTURE INSTRUCT
First K in the

K with plateau

highest log  phase of the K with the First K in the K with the

probability of plot of the highest K showing plateau phase highest

all replicate Mean-Log- value for the smallest of the DIC value for AK

runs Likelihood AK DIC value values DIC
M. winkleri K=16 K=3 K=3 K=11 K=3 K=3
M. tanarius’ K=11 K=5 K=5 K=10 K=6/K=7 K=3
M. tanarius’ K=11 K=6 K=2 K=11 K=7 K=2

! Only Bornean individuals.
% All individuals.
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Figure 3-1.Plots for the determination of the optimal K valneM. winkleri for all individuals using
the admixture model.

A) The log probability L(K) averaged over the taplicate runs m(L(K)) of STRUCTURE. Vertical
bars indicate standard deviations.

B) To assess the number of groups (K) supportetidanalysis with STRUCTURE, the second order
rate of change in the log-likelihoodK) was calculated (Evanno et al. 2005).

C) The DIC values averaged over the ten replicates rof INSTRUCT. Standard deviations are
indicated by the use of vertical bars. In nearlynamber of groups (K) the magnitude of the staddar
deviations are too small to be seen at this scale.

D) To assess the number of groups (K) supportethéyanalysis with INSTRUCT, the second order
rate of change in the DIC was calculata& DIC).

The highest value fakK is K = 5 for the Bornean individuals (Figure 32&hd K = 2 for all
individuals (Figure 3-3B). The smallest DIC valuer fBorneanM. tanarius is found for

K =10, for all M. tanarius individuals it is K= 11 (Table 3-3). Plotting tlereraged DIC
values for BorneaM. tanarius the first K in the plateau phase is either K = &a= 7 (Figure
3-2C) as the low gradient results in both K = 6 &mwd 7 being equally considered as the first
K in the plateau phase. For 3. tanarius individuals the first value in the plateau phase o
the averaged DIC value is K = 7 (Figure 3-3C).
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M. tanarius (only Borneo) M. tanarius (only Borneo)
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Figure 3-2. Plots for the determination of the optimal K valimeBorneanM. tanarius, using the
admixture model.

A) The log probability L(K) averaged over the taplicate runs m(L(K)) of STRUCTURE. Vertical
bars indicate standard deviations.

B) To assess the number of groups (K) supportetidpnalysis with STRUCTURE, the second order
rate of change in the log-likelihoodK) was calculated.

C) The DIC values averaged over the ten replicates rof INSTRUCT. Standard deviations are
indicated by the use of vertical bars. In nearlynamber of groups (K) the magnitude of the staddar
deviations are too small to be seen at this scale.

D) To assess the number of groups (K) supportethéyanalysis with INSTRUCT, the second order
rate of change in the DIC was calculata& DIC).

The plot of AK DIC shows the highest peak for K = 3 for Bornddrtanarius (Figure 3-2D)
and K = 2 for alM. tanarius (Figure 3-3D).

Table 3-3 gives an overview of the optimal K valé@sM. tanarius assuming admixture with
the programs STRUCTURE and INSTRUCT.
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A B
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Figure 3-3.Plots for the determination of the optimal K valoéM. tanarius for all individuals using
the admixture model.

A) The log probability L(K) averaged over the taplicate runs m(L(K)) of STRUCTURE. Vertical
bars indicate standard deviations.

B) To assess the number of groups (K) supportetidpnalysis with STRUCTURE, the second order
rate of change in the log-likelihoodK) was calculated.

C) The DIC values averaged over the ten replicates rof INSTRUCT. Standard deviations are

indicated by the use of vertical bars. In nearlynamber of groups (K) the magnitude of the staddar
deviations are too small to be seen at this scale.

D) To assess the number of groups (K) supportedhbyanalysis with INSTRUCT, the
second order rate of change in the DIC was caledi@K DIC).
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3.2.2 Bar plots illustrating the assignment analyses ohie SSR data

Bar plots of M. winkleri assuming the admixture model

For STRUCTURE the populations yielding the highegt probability (K = 16) and the start
of the plateau phase (K = 3, see Mean-Log-Likelthptot, Figure 3-1A) are shown in bar
plots (Figure 3-4A & B). While for INSTRUCT the polations that are shown are for the
start of the plateau phase (K =3, see DIC plogufeé 3-1 C) and for the smallest DIC
(K =11) (Figure 3-4 C & D).

The bar plots for both STRUCTURE and INSTRUCT (F&B-4), reveal that generally the
M. winkleri individuals from Sarawak/Brunei belong to the sachester independent of the
number of populations (K) used. While individuaterh Sarawak/Brunei tend to a single
cluster, those from Sabah tend to two cluster&fer3 and K = 11 (graphs B, C and D).

For both STRUCTURE and INSTRUCT with K=3 (B ang e same clustering of
individuals emerges, represented by the correspgndolours, blue, red and yellow. The
specific percentages with which each individualbbgk to a cluster is given in Appendix J
for K=3 (STRUCTURE) and for all best Ks in Tallein the digital appendix. The blue
cluster consists entirely of individuals from SasBrunei, while the individuals from Sabah
are split into the red and yellow clusters. Theivitthals making up the yellow cluster
originate primarily from the west grid of Danum &l (see Appendix B and the
accompanying description).

For the assignment of STRUCTURE with K=16 (A)etmajor division separating

Sarawak/Brunei and Sabah remain. However, 17 iddals originating from Brunei (~ 30%)

are assigned to an additional cluster each withentban 50%, dividing Sarawak/Brunei
partly into their separate respective regions. §hmup indicated as K.K.-Ranau-Poring is
divided into two major clusters comprising indivads from Poring and the rest. In the
Danum Valley group for K=16 an additional biggduster obtained is the orange one,
comprising mostly individuals from the West 10 paftthe west grid. In the remainder of
Sabah several small clusters can be detected hasvedividuals of mixed assignment.

The bar plot D, INSTRUCT with K = 11, does not gagditional information beyond what is
already shown in the K = 3 plots of STRUCTURE (B)INSTRUCT (C). This plot clearly
indicates the same three clusters as in K = 3 (B@nonly with the red cluster now shown as
one cluster with consistently mixed assignmentlit@rbups for all individuals.
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Figure 3-4. A series of bar plots of the assignment analysis and corresponding geographic distribution
of M.winkleri individuals, using both STRUCTURE (A-B) and INSTRUCT (C-D). Each graph
illustrates the clustering of microsatellite data assuming the admixture model. In each graph, the
individuals are presented in the same order (see Appendix J). The map illustrates the regions from
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A more detailed dissection of the geographic distion of individuals in the Danum Valley
of Sabah and along the major arteries in and othteo¥alley (including the road to Malua and
Lahad Datu) is shown in Appendix B. The bar plongists of the Danum Valley section of
the INSTRUCT analysis with population K =3 (FiguBe4C). The individuals from this
region that cluster in yellow tend to be from thestvgrid, mostly from region WO to W07. A
second set of individuals in yellow are also foaahg the road to Malua and one individual
between the field centre and Lahad Datu.

Bar plots of M. tanarius assuming the admixture model

Bar plots forM. tanarius were created to visualize the STRUCTURE and INSTRUesults
for the microsatellite data applying the admixtaredel showing the optimal K values. These
plots illustrate the assignment of each individoathe assumed number of clusters (K). A bar
plot of the assignment analysis and correspondeagaphic distribution of th®l. tanarius
individuals (Figure 3-5) generally show that indwals of one region tend to cluster
(depending on the number of populations, K, used)thie assignment analysis. Each
individual is assigned one value for each clusbetween 0 and 1) representing the degree
that the individual belongs in each cluster. A eabf 1 indicates that the individual belongs
exclusively to one cluster, while a value of O sates that the individual shares no
commonality with the corresponding cluster. Anyesthon-zero value is an indication of the
mixed ancestry of the individuals.

A more detailed analysis ®fl. tanarius (Figure 3-5) is illustrated for the optimal clustey,

K =6, showing the geographic origins of identifalelusters. The percentage with which
each individual belongs to a cluster (see Apperdixs represented by the corresponding
colour, blue, orange, yellow, green, red and broithindividuals from the Malay Peninsula

were found to cluster together, in the blue clysteth an average of 94.8%, with only one
individual belonging to this cluster with a percaye less than 80% (individual 6090 with
62.4%). The orange cluster includes all individdeden Sarawak/Brunei (identified as region
1 in the figure) and individuals from southern Sabathe surroundings of Tenom (region 3).

which theM. winkleri individuals were sampled. Each cluster in thegat is related visually to its
geographic origin(s), in detail by numbers and oagi(above A), and in broader geographic terms
(below D). The four graphs represent the prefewade (this is the highest value for STRUCTURE
runs, and the lowest for INSTRUCT) found over teplicates for:

A) the highest log probability of all replicate siof STRUCTURE, K = 16,

B) the first K in the plateau phase of the plotle# Mean-Log-Likelihood of STRUCTURE,
K=3,

C) the first K in the plateau phase of the ploth&f DIC values of INSTRUCT, K = 3, and
D) the K with the smallest DIC value of INSTRUCT, Ki£.
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Figure 3-5. A bar plot of the assignment analysis and cormedimy geographic distribution of
M. tanarius individuals. The centre graph illustrates the teting of microsatellite data assuming the
admixture model, and the first K in the plateaugghaf the plot of the mean-log-likelihood, K = 6,
from STRUCTURE (Appendix K, Figure 3-6C). The mamap (upper, right hand side) illustrates the
regions from which thé/. tanarius individuals were sampled. The Malay Peninsula aala8 with
northern Sarawak and Brunei are shown, respectiuelgreater detail in boxes A (upper, left) and B
(lower, centre). Each cluster in the bar plot latexl visually to its geographic origin(s), by knt the
upper maps, and numbers in the lower map.
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The yellow cluster is comprised of individuals frahe western coastal region around Kota
Kinabalu and the island Pulau Gaya (region 5). @ireen cluster is more diverse than the
other clusters, mainly consisting of individualorfr around the region between Kota
Kinabalu and Kota Belud and between Kota Kinabahd @&anau (region 6), but also
including individuals from further south along theast around Beaufort (region 4) and the
island Pulau Tiga (region 2). Furthermore individuaom region 5, which fall mainly in the
yellow cluster, show individuals that are assigméth percentages between 0.05 and 87.7
(average 8.6) to the green cluster. Geographitchbyyellow cluster is located near to the
main green cluster (6) and between the northerar{@)southern (2 & 4) green clusters.

The red cluster is also from western Sabah, mdamdharound Poring and Ranau (region 7).
The individuals from this cluster closely bordee tgreen cluster to the west, and this is
shown again by the high percentage of the greesterlun several individuals. The brown

cluster consists of all samples in central andesasfabah (regions 8 and 9, respectively).
Although these regions are more geographicallyadistve still see high percentages from
both the green and yellow clusters.

With K = 6 the individuals from East Kalimantan didt tend to join a single cluster, as did
individuals from other regions, with substantiatqentages in the green, red, brown, orange
and blue clusters, however all of them have thadsgpercentage in the red cluster (between
36.1% and 80.1%). This may be a mathematical attefdue to the small number of
individuals, however even with much larger numhbarslusters (see Figure 3-6B & D each
with K = 11), these individuals tend to join mulgglusters with a significant percentage (see
Table 2 in the digital appendix).

The M. tanarius individual from Java mainly belongs to the greduster (64.0%), with
29.2% to the brown, and with small percentageblenather four clusters.

Comparing the bar plots for all optimal K valuesnr STRUCTURE and INSTRUCT (Table

3-3) for the assignment analysis of Ml tanarius individuals assuming the admixture model
shows clearly the separation of the Malaysian iildials (blue cluster) from all the other
individuals for all K values (Figure 3-6A-E).

In general the graphs B-E (Figure 3-6) show the esatlustering for theM. tanarius
individuals, as indicated by the long vertical Brend small letters (a-f) below graph C.

Shorter vertical lines indicate the substructurat tvas detected within some of the main
clusters. Cluster d shows a further subdivisiodi@ated by the *) in the population structure
for K =11 (STRUCTURE) in graph B, separating induals from the Island Pulau Gaya and
the individuals from Kota Kinabalu’s surroundingu€ter c3 shows substructure detected by
both STRUCTURE and INSTRUCT for K =11 as wellasK = 7 (INSTRUCT), separating
the individuals which originate from the regionweén Kota Kinabalu and Kota Belud, close
to Kota Kinabalu (*1), from the other individual$ duster c3. Cluster f shows substructure
for the STRUCTURE results in K = 11, separatingvidials of Danum (*2) from those of
Tabin and Tawau (*3).
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STRUCTURE

INSTRUCT

Figure 3-6. Series of bar plots of the assignment analysialloM. tanarius individuals using both
STRUCTURE (A-C) and INSTRUCT (D-E). Each graph stitates the clustering of microsatellite
data assuming the admixture model. In each grdygh)ndividuals are presented in the same order
(Appendix K). The five graphs represent the pref@rivalue (this is the highest value for
STRUCTURE runs, and the lowest for INSTRUCT) fowwver ten replicates for:

A) the optimalAK of STRUCTURE; K = 2,
B) the highest likelihood of STRUCTURE; K = 11,

C) the first K in the plateau phase of the plottled mean-log-likelihood of STRUCTURE;
K=6,

D) the smallest DIC value in INSTRUCT; K =11, and
E) the first K in the plateau phase of the DIC ealof INSTRUCT; K =7.

The vertical lines indicate the common populatitusters detected for different values of K (K =76,
and 11) for both STRUCTURE and INSTRUCT. Thesetelssare labelled by the single lower case
letters under plot C (letters a-f). Individuals dogging to the same cluster (for example the green
cluster c) that are separated in the bar plot aavadditional index term (e.g. c1, c2 & c3). Thear
marks the singleton individual from Java. Furthebsiructure is demarcated by short vertical lines
within the corresponding plot.
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Basically INSTRUCT gives a very similar assignmeesult for K=7 (graph E), as
STRUCTURE for K =6 (graph C), only the green indiwals in the red cluster (e) and the
green individual from the brown cluster (f) areigsed to one additional cluster, the pink
one.

In the barplot for K =11 (graph D) individuals weein principle assigned to the clusters a-f,
(only additionally distinguishing (*1) for clustes3), but INSTRUCT assigns genetically
similar individuals not to mainly one cluster, bwith highly similar percentages for each
individual to each of the several different clustein cluster bl and b2 for example
individuals are assigned to all the 11 differentstérs created for this barplot with different
percentages, but all individuals were assigned aitiighly similar percentage to each cluster.

The STRUCTURE barplot for K =11 (B) basically sttures the analysed individuals into
clusters a-f, but providing more information on fiagulation substructure (indicated by the
asterisks below the graph) than the other barplisthermore individuals from clusters cl
and c2 (regions 4 and 2 in Figure 3-5) were disfistged from individuals of cluster c3

(region 6).

Figure 3-7 illustrates a comparison of the STRUCHEJRarplot for K =11 between all
M. tanarius individuals and the subset M. tanariusindividuals from Borneo alone. This
figure illustrates the key difference in featurestvieen these two classes Mt tanarius
individuals, one additional cluster for the indivads of Malay Peninsula. Although the
remaining individuals are grouped into one morestedu for the Bornean individuals, no
additional features emerge.

Figure 3-7.Bar plots of the assignment analysis Kbrtanariusassuming the admixture model, with
the highest likelihood of STRUCTURE; K = 11, for:

A) all M. tanariusindividuals, and

B) only BornearM. tanariusindividuals.
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3.2.3 Principal coordinate analysis

Macaranga winkleri

In the PCoA ofM. winkleri the first two axes account for roughly 60% of agiance (Table
3-4). The first axis is the most descriptive, explag 35.20% of the variance. This is clearly
visualized in the PCoA plot (Figure 3-8), with teeistence of two main groups dividing the
individuals of Sabah from the individuals of Sar&ifBaunei. The individual presented in
pink is the individual that is found between theotgroups in the PCoA of the chloroplast
data (Figure 2-8). Here this individual clustershwthose from Sarawak/Brunei, but not in the
main body of Sarawak/Brunei individuals, insteatles with the outliers in the direction of
the Sabah group. Within the group of Sabah indisluseven individuals lie west of the

Table 3-4.Macaranga winkleriandM. tanarius Principal coordinate analysis (PCoA). Percentage of
variation explained by the first three axes.

AXis
Species 1 2 3
M. winkleri 35.20%  26.47% 11.87%

Cumulative: 35.20%  61.67% 73.54%

M. tanarius’ 34.79%  17.56% 13.92%
Cumulative:  34.79%  52.34%  66.27%

M. tanarius? 25.32%  18.14% 17.32%

Cumulative: 25.32%  43.46% 60.78%
1. All individuals.
2. Only Bornean individuals.

Principal coordinates of the genetic distances of M. winkleri

+ Sarawak/Brunei

° 3 .
® < = Sabah (main)
~ ®©
< g
3 m Sabah (w of range)
N
= B A Sabah (DV, W0-7)
<5

>

+ ID 4396

Axis 1 (35.20% of variation explained)

Figure 3-8. Plot of the first and second axes of the PCoA ymmalof the genetic distances of
M. winkleri. Two main divisions along the primary axis divideiwduals from Sarawak/Brunei (blue)
and individuals from Sabah (red and yellow). Theoselary axis primarily divides the individuals
from Sabah into those from the Danum Valley, weit §-7 (DV, WO0-7 shown in yellow), from the
main body (in red). Individual 4396 (HT group 4tie chloroplast analysis) is indicated in pink.
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Crocker Range, these are indicated with a solidin@utAs with the chloroplast transition
individual (pink) these Sabah individuals west ld Crocker Range are not clustered within
the main body. Instead these individuals tend tdwahe periphery of the main body of
Sabah individuals. The second axis incorporatesrthdr 26.47% of the variance, clearly
illustrating the split of individuals in Sabah intwo subgroups. Geographically the second
axis splits those individuals along the west gfdr/} of the Danum Valley from the main
group of individuals from Sabah.

Macaranga tanarius

Individuals from Borneo, Java and the Malay Perimsuere analysed in the PCoA of
M. tanarius The first two axes account for roughly 50% of #agiance (Table 3-4), with the
first axis accounting for 34.79% the variance. P@0A plot of the first two axes (Figure 3-9)
shows two main groupings, the individuals from Bmrand the individuals from the Malay
Peninsula. The individual from Java clusters wite Bornean individuals, but not with the
main body.

A closer analysis of th#l. tanariusindividuals from Borneo was also performed. Thstfir
two axes of the PCoA for Borned. tanariusaccount for less than 50% of the variance
(Table 3-4). At first the plot of the primary andcendary axes (Figure 3-10A) appears to
yield little additional information. However, whegrouped into geographic regions
(corresponding to those in Figure 3-5B) all but gneup tends to cluster within the first two
axes. The lone holdout (NW Sabah 5) is made updifiduals from Kota Kinabalu and the
island Pulau Gaya. These individuals are bettdemiftiated along the third axis (three
dimensional plot not shown) found by PCoA, whiclt@amts for 17.32% of the variance,

Principal coordinates of the genetic distances of M. tanarius

+ Borneo

= Java

A Malay
Peninsula

Axis 2 (17.56% of
variation explained)

Axis 1 (34.79% of variation explained)

Figure 3-9. Plot of the first and second axes of the PCoA yamislof the genetic distances of
M. tanarius from Borneo, Java and the Malay Peninsula. Thévitahls from Borneo are clearly

separated from the individuals of the Malay Permstihe individual from Java clusters with the
Bornean individuals.
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Principal coordinates of the genetic distances of Bornean M. tanarius
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Figure 3-10.A) Plot of the first and second axes of the PCoAlgsis. B) Plot of the first and third
axis of the genetic distances bf. tanarius from Borneo. Abbreviations used: NW = Northwest,
E = East, SW = Southwest. Numbers in the legendespond to the numbers of the geographical
regions in B.

Table 3-5.Mean allelic richness for alM. winkleri, M. tanariusandM. winkleriella individuals, and
the BornearM. tanariusindividuals rarefied for a g of 24.

rarefied for mean allelic  standard number of
species group (9) richness error loci
M. winkleri all 24 8.85 1.27 10
M. tanarius all 24 7.11 1.57 12
M. tanarius Borneo 24 7.16 1.58 12
M. winkleriella all 24 4 0.63 10

Table 3-6.Determination of shared alleles Mif winkleriellacompared withM. winkleri for the nine
common SSR markers.

Shared:
Unique:

MactaG01 MactaG07 MachyB10 MachyH11l Macin8f

Macin8n

Macin8h Macpe6h

Macpe6bj

6 alleles 3 alleles 4 alleles 3alleles 2 alleles 3alleles 3 alleles
- 1 allele

1 allele 4 alleles
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nearly the same as the second axis with 18.14%etleg the first three axes describe over
60% of the variance in the Bornean individualsvbftanarius While limited to visualizing
the multidimensional results of the PCoA, a secaed of this data (Figure 3-10B) showing
the plot of the first and third axes helps to illate the differentiation of different
geographical regions.

3.2.4 Genetic diversity and differentiation

To better analyse the genetic diversity, the allathness was calculated for each of the ten
loci analysed forM. winkleri and M. winkleriella and the 12 loci analysed fod. tanarius
using ADZE-1.0.

The mean allelic richness (averaged over the tei Wath sample size rarefied for g = 24 is
8.85 inM. winkleri, which is more than twice the value Mf winkleriella (4.00). The mean
allelic richness oM. tanariusis 7.11 for all individuals and 7.16 for the Boaneindividuals,
and thus smaller than fovl. winkleri (Table 3-5). For the nine common markers between
M. winkleri and M. winkleriella it was determined that all but one of the alleleantd in

M. winkleriellais shared witiM. winkleri (Table 3-6).

For M. winkleri the mean allelic richness west and east of thekeroRange (Table 3-7) is
rarefied for g =70, and is ~1.5 times larger g¢han west of the range (14.74 and 9.88,
respectively). ForM. tanariusthe mean allelic richness (Table 3-7) west and eaghe
Crocker Range, rarefied for the same g is of alammagnitude on either side (10.25 and
11.21, respectively). Comparing. tanariusindividuals from Borneo and Malay Peninsula,
they are also in a similar range with the individulgom Borneo having a richness of 11.58
and those from Malay Peninsula 9.38. Although lmattmparative groups dfl. tanariushave

a similar mean allelic richness, the Borneo/MalayiRsula groups exhibit a larger difference
than those on either side of the Crocker Range.

The mean allelic richness (Table 3-8) was againprded, this time rarefied for g = 6, for
both M. winkleri and M. tanarius This rarefaction was necessary in order to comphe
division by the Crocker Range with the divisionvibe¢n Sabah and Sarawak/Brunei. Both
calculations show a similar trend consistent fothbidacarangaspecies, that the division
between Sarawak/Brunei and Sabah is slightly mooequnced than the division east and
west of the mountain range.

To quantify differences among the population wesd a@ast of the mountain range Nei’s
genetic distance, Wright's inbreeding coefficieRé] and Hedrick’s standardizeds& were
calculated (Table 3-9). The genetic differentiatlmetween thev. winkleri population west
and east of the mountain range is more than s@awves targer than iM. tanariususing Nei’s
genetic distance (0.377 vs. 0.050) and more tham times larger for bothdr (0.093 vs.
0.017) and G7 (0.398 vs. 0.067). In both cases the value fgf @ore closely approximated
Nei’s genetic distance than Wright's inbreedingftioent.
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Table 3-7. Mean allelic richness fit. winkleri and M. tanariusrarefied for g = 70. Comparison of
M. winkleri west and east of the Crocker Range and betweew8kiBrunei and Sabah. Comparison
of M. tanariuswest and east of the Crocker Range and betweaereB@nd Malay Peninsula.

rarefied mean allelic standard number of

species group for (g) richness error loci
M. winkleri  west of Crocker Range 70 9.88 1.74 10
M. winkleri  east of Crocker Range 70 14.74 2.15 10
M. winkleri ~ Sarawak/Brunei 70 8.87 1.68 10
M. winkleri  Sabah 70 14.41 2.19 10
M. tanarius  west of Crocker Range 70 10.25 2.48 12
M. tanarius  east of Crocker Range 70 11.21 2.76 12
M. tanarius  Borneo 70 11.58 2.85 12
M. tanarius  Malay Peninsula 70 9.38 1.94 12

Table 3-8.Mean allelic richness favl. winkleri andM. tanariusrarefied for g = 6. Comparison west
and east of the Crocker Range and Sarawak/Brun&iaksh division.

rarefied mean allelic standard number of
species group for (g) richness error loci

M. winkleri  west of Crocker Range 6 3.00 0.44 10
M. winkleri  east of Crocker Range 6 3.75 0.35 10
M. winkleri ~ Sarawak/Brunei 6 2.87 0.44 10
M. winkleri  Sabah 6 3.72 0.36 10
M. tanarius  west of Crocker Range 6 3.14 0.43 12
M. tanarius  east of Crocker Range 6 3.10 0.43 12
M. tanarius  Sarawak/Brunei 6 2.38 0.31 12
M. tanarius  Sabah 6 3.18 0.44 12

Table 3-9.Population differentiation favl. tanariusandM. winkleri individuals from Borneo west vs.
east of the Crocker Range and Sarawak/Brunei \mlSa

pairwise pairwise
Nei genetic  population  population
Species populations distance Fst G'sr
M. winkleri ~ west vs. east of Crocker Range 0.377 0.093 0.398
M. tanarius  west vs. east of Crocker Range 0.050 0.017 0.067
M. winkleri ~ Sarawak/Brunei vs. Sabah 0.395 0.099 0.414
M. tanarius  Sarawak/Brunei vs. Sabah 0.150 0.068 0.204

M. tanarius  Malay Peninsula vs. Borneo 0.505 0.114 0.467
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These genetic differentiation values were then utated for both theM. winkleri and

M. tanariuspopulations divided between Sarawak/Brunei and S@bable 3-9). The genetic
differentiation between th&l. winkleri population between Sarawak/Brunei and Sabah is
more than twice that iM. tanariususing Nei's genetic distance (0.395 vs. 0.150) Grd
(0.414 vs. 0.204), and nearly one and a half timeger for kst (0.099 vs. 0.068). For both
Macarangaspecies each of these genetic differentiation oreasents was larger for this
division than for the west/east division caused thg mountain range. This is most
pronounced in the case bf. tanarius with differentiation values three times higher the
division between Sarawak/Brunei and Sabah, whileMowinkleri the increase in these
values was smaller, but consistent.

The same quantification was performed for Mhetanariuspopulations on Borneo and Malay
Peninsula (Table 3-9). Nei's genetic distance %9, the kris 0.114 and the & is 0.467.
Quantified in each of these ways, the genetic @iffgation is much larger than for the
M. tanarius populations west and east of the mountain rangebatween Sarawak/Brunei
and Sabah.

When considering the geographic regions where béthlwvinkleri and M. tanarius were
found, there emerge three distinct regions. Thiesmetregions are described as: a) Northern
Sarawak and Brunei (plus southwestern SabaMfdanariug, b) northwestern Sabah and c)
eastern Sabah. Between these three main samplgignseof Borneo, the inter-regional
calculations of the Gr values forM. winkleri vary considerably from those of. tanarius
(Figure 3-11). FoM. winklerithe highest differentiation is detected betweerupaipn a and

¢ (0.437) and is in a similar range for populatianand b (0.373). The &'value is smaller
for the populations between b and c (0.092). Motanariusthe value for Gt is the same for
a-c and b-c (0.114) and for a-b it is slightly siea{0.087).

Ger M. winkleri . @

N /@\ Qogel}_r;}%

> ©
N /
0437  — ;
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Figure 3-11.G'st values forM. winkleri (shown in blue) ant1. tanarius(shown in orange) between
three populations: a) Northern Sarawak and Brupkis(southwestern Sabah fist. tanariug, b)
northwestern Sabah and c) eastern Sabah. Thescindizate the approximate centres of these three
sampled regions for both species.
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3.3 Discussion of the microsatellite data

In this part of the study nuclear microsatellite rkeas, which are co-dominant markers
generally with a high mutation rate (Sharma et2807), were used. Because of their high
variability they can be used as powerful tools population genetic analysis. The nuclear
genome is inherited biparentally (Petit et al. 20@md thus in contrast to chloroplast data,
also reflects pollen-mediated gene flow.

While the main focus in the chloroplast data sethed study is on phylogeographic analyses,
which aim to reveal historical processes that falniee extant distribution of genetic

variation, here population genetic approaches aes,uwhich interpret differences in allele
distribution under the assumption of recent geoe fl

3.3.1 Population genetic structure ofM. winkleri

Macaranga winkleris a myrmecophytic pioneer species. It occurs tugetvith its obligate
partner anCrematogastemorphospecies (msp.) 8, only in Borneo.

To test the hypothesis of restricted pollen-mediagjene flow inM. winkleri, (hypothesis 2
chapter 1.2) assignment analyses were performed twb different programs STRUCTURE
and INSTRUCT. Different ways of determining the iopl K lead to the same result. The
calculation of AK for STRUCTURE (Figure 3-1B) resulted in K=3, d&l the more
subjective detection of the first K in the platgahase of the log probability (Figure 3-1A). In
accordance with this, the plot of the average D#ues (Figure 3-1C) for INSTRUCT leads
to K =3 as an optimal number of clusters, as dbe\K calculation of the averaged DIC
values (Figure 3-1D). These unanimous resultsHerdptimal number of clusters indicate a
clear structure of thi®l. winkleri data. The clear geographic differentiation ofinelear data
indicates a geographic restriction of gene flow p@len, which is in accordance with the
hypothesis.

Geographically these three groupshdfwinkleri are clearly differentiated between the two
major regions Sarawak/Brunei and Sabah with a darttifferentiation within Sabah,
indicating a third group (yellow cluster), whichlecated in the west grid of Danum Valley
(Figure 3-4A, B & C and Appendix B). The clustengarises individuals from west grid 0-7
and individuals sampled at the road to Malua. Tdemetically distinct cluster can be
explained by dispersal events, introducing this loo@tion of genotypes to this region
followed by the establishment of a population.

Another optimality criterion (the smallest DIC vajufor INSTRUCT is met at K=11.

However, this number of clusters continues to itate the true clustering (K = 3), by
classifying the main group from Sabah in such a wayo assign each individual roughly
evenly to each of the remaining groups (Figure 3-4Thus, the same three groups are
indicated again. This shows the importance of afalchoice when determining the optimal
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number of clusters. Here, using only the numbeKofssessed by the smallest DIC value
results in a number of clusters, much higher tim@nreal optimal number of clusters, which
becomes obvious by visual inspection of the bat. plo

For STRUCTURE a further optimality criterion (théghest log probability of all replicate
runs) is met at K =16. In contrast to the INSTRU&G-hoc determination of K, for this
analysis, the assignment algorithm works to idgrag many subgroups as possible, making it
better suited to identifying substructure from derajjeographical regions (Figure 3-4A).

In the assignment analyses it becomes evidenathamparison and careful evaluation of the
differently obtained optimal K values and visuaspection of the bar plots is necessary, to
access the true population structure. Only usirgyati-hoc determination for INSTRUCT
results in a K much higher than the true K. Howeveual inspection of the bar plot reveals
the optimal K. The ad-hoc determination of the nemdf clusters for STRUCTURE provides
information on subpopulations M. winkleri, showing that different numbers of clusters can
provide information on different hierarchical leyebf structure in the data. In contrast,
INSTRUCT when given an excess number of groupsXkoptimal K), continues to illustrate
the true clustering, which makes it more suitaleidentifying the upper hierarchical
structure, which is represented by K = 3 in Mewinkleri data set. K = 3 was also detected
for the calculation oAK (STRUCTURE). This is in accordance with Evannakt(2005),
who found, that calculatingAK (STRUCTURE) detected accurately the uppermost
hierarchical levels of structure for a test scamafiaking the different approaches for the
determination of the best Ks together, K =3 as dpémal number of clusters for the
M. winkleridata set is indicated.

Further analysis using PCoA emphasizes these theseetic geographic groupings of
M. winkleri (Figure 3-8).Within the first two axes over 60% of the genetariation are
already accounted for. A plot of the primary andoselary axes shows a clear division
between the Sarawak/Brunei and Sabah individualsgalthe primary axis. Along the
secondary axis the division between the main boflyhe Sabah individuals and those
individuals from the west grid of the Danum Valldyjilding the third group, becomes
apparent.

Genetic differentiation in Macaranga winkleri between Sarawak/Brunei vs. Sabah and
individuals west vs. east of the Crocker Range

There are sevel. winkleriindividuals from Sabah that are west of the Cro¢ka&nge. These
individuals could be logically grouped, either withe individuals from Sarawak/Brunei to
form a group of all individuals west of the Croclkange (Figure 2-16), or together with the
rest of the individuals from Sabah. To determine groupings with the higher genetic
differentiation, and thus lower amounts of polleréhated gene flow, three differentiation
measures, Nei’'s genetic distance, the pairwiselptipn Fst and the G, were calculated for
each of these groupings.
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All analyses performed show a clear genetic diffaegion between individuals of
M. winkleriin Sarawak/Brunei and those of Sabah.

The results of the assignment analysis using b@RIECTURE and INSTRUCT (Figure 3-4)
support the existence of the two main clustersa®ak/Brunei and Sabah. For the optimal
K = 3 all individuals from Sarawak/Brunei were gssd to one cluster, and the individuals
from Sabah into two clusters. The individual (ID983 that was found between the two
groups in the chloroplast analysis is assignedai@®ak/Brunei by both STRUCTURE and
INSTRUCT, based on the nuclear SSR data, in acnoedwith its geographical origin. The
differentiation between the groups Sarawak/Bruned &abah persists from K=2 up to
K =16 (not all plots shown). The persistence @& #ssignment of membership to the two
groups is indicative of the high level of genetifedentiation between these two groups.

In addition the PCoA plot illustrates the split\ween the two groups along the primary axis
(Figure 3-8). TheM. winkleri individual, ID 4396, is located on the primary xvithin the
Sarawak/Brunei cluster in the nuclear SSR analy#isvever, it is located on the peripheral
arm towards the Sabah cluster.

To test the hypothesis of a higher genetic divgisitSabah compared to Sarawak/Brunei due
to long-term persisting rain forests, (hypothesiscBapter 1.2), the rarefied mean allelic
richness, a measure of genetic diversity, whichsicters differences in sample sizes was
calculated. The value shows a difference betweéiguals from Sarawak/Brunei and those
from Sabah (Table 3-7 & Table 3-8) rarefied for g3-as well as g = 8Macaranga winkleri
individuals from Sabah show a higher mean allebness than those from Sarawak/Brunei.
This is in accordance with the hypothesised higjeeretic diversity for Sabah. Castric and
Bernatchez (2003) proposed that populations locatétte expanding edge of a species’ range
typically show a low allelic richness. Ad. winkleri does not occur in the southern parts of
Sarawak (Lucy Chong, Sarawak Forest Departmensopat communication), this might be
the expanding edge of the range and explain therl@ahelic richness of the Sarawak/Brunei
population compared with the Sabah population.

The differentiation of th&. winkleri individuals west and east of the Crocker Rang®isas
pronounced as for the Sarawak/Brunei and Sabalpigrgs!

The results of the assignment analysis using bdRIECTURE and INSTRUCT (Figure 3-4)
are to assign thil. winkleriindividuals from Sabah west of the range (IDs 688089) with a
high percentage (89.0 - 96.7%) to the Sabah cldstdf = 3 (see Appendix J). Accordingly
for K=11 these individuals were assigned only hwiery low percentage to the
Sarawak/Brunei cluster (1.6 - 3.7%) while assigtee8abah clusters with higher percentages
(from 14.1 to 21.0%). Correspondingly for K = 1éeyhwere assigned with even smaller
percentages to Sarawak/Brunei (0.6 — 1.9%) (Tabile the digital appendix) and instead
strongly grouped in Sabah subgroups (from 38.90t8%). Both assignment analyses agree
that these individuals are more closely relatedthtlividuals from Sabah east of the Crocker
Range than to individuals from Sarawak/Brunei.
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The higher genetic differentiation fbt. winkleriindividuals from Sarawak/Brunei and Sabah
compared to those from different sides of the maimntange do not suggest the Crocker
Range as a barrier to current gene flow. This calicate Sarawak/Brunei vs. Sabah as an
older split within the species than the split by @rocker Range. This split withii. winkleri
between Sarawak/Brunei and Sabah can be explaasedith the chloroplast data (see page
49), by the retreat of the species into two (orehaeparate refugia during arid periods of the
Pliocene. When better conditions resumed, the quidptions again expanded, but have not
yet been in genetic exchange.

Also the PCoA plot illustrates a clear split betwe#l. winkleri individuals from
Sarawak/Brunei and Sabah. However, the relationsbipreen the individuals from Sabah
west of the Crocker Range to those from Sarawak@ris a close one. These individuals
west of the mountain range tend to the peripherthefmain Sabah cluster, along the axial
arm in the direction of the Sarawak/Brunei cludfieigure 3-8). While still clearly in the
Sabah group, this may indicate that these westabal® individuals are not as distantly
related to the Sarawak/Brunei individuals as ttsggasnent analyses would indicate.

The mean allelic richness west and east of the KeroRange rarefied for g = 70 (9.88 and
14.74, respectively) and for g = 6 (3.00 and 3réSpectively) provide another indicator that
the M. winkleriindividuals from Sabah west of the Crocker Rangenaore closely related to
the Sabah subpopulation. When compared with thexrabelic richness for Sarawak/Brunei
vs. Sabah, the allelic diversity of the Sarawakr@iundividuals (8.87 rarefied for g = 70 and
2.87 rarefied for g = 6) was less than that fosthmdividuals west of the Crocker Range. For
the Sabah individuals the mean allelic richness.4l4and 3.72, respectively) was
approximately the same as for those individuald ehishe Crocker Range. Although both
means for Sabah were slightly below the respectieans east of the mountain range, they
were well within the tolerance of the standard erfa first it may seem contradictory that the
allelic diversity for Sabah did not show any sigraht increase. One explanation evident in
the PCoA plot is that the individuals from Sabalsina the Crocker Range group with other
outliers of Sabah east of the range. It is posdide alleles that were distinct when these
individuals were excluded from Sabah are no londetinct, when including these
individuals.

The genetic differentiation metrics for the grouperawak/Brunei and Sabah vs. the group
west and east of the Crocker Range Kbrwinkleri show very similar values. For Nei's
genetic distance, the pairwise populatiogr Bnd the G values are consistently slightly
bigger for the groups Sarawak/Brunei vs. Sabah tbawest and east of the Crocker Range.
This indicates a higher differentiation for indiuals from Sarawak/Brunei vs. Sabah than for
individuals west and east of the range. Howevely sevenM. winkleri individuals (IDs
6403-6409) originate within Sabah and west of tloeimtain range, the small number possibly
biasing these results.
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3.3.2 Population genetic structure ofMacaranga tanarius

Macaranga tanariusis a non-myrmecophytic pioneer tree. It is found inldgi to very
disturbed vegetation. Assignment analyses Kbrtanarius were performed using both
STRUCTURE and INSTRUCT. The determination of thethé for STRUCTURE results in
K =5 for BornearM. tanariusboth for the first K in the plateau phase (Fig8f2A) and the
calculation ofAK (Figure 3-2B) Calculation of AK DIC (INSTRUCT) results in K = 3 for
BorneanM. tanarius

When considering alM. tanarius individuals, which includes the individuals fromaly
Peninsula, the assignment analysis typically budds extra cluster — specifically for those
individuals from Malay Peninsula, indicating thaese are highly differentiated from the
Bornean individuals. This is in accordance with thepectation of a high genetic
differentiation between these two groups, causeddariant evolution (hypothesis 8, chapter
1.2).

This extra cluster is detected in the optimal Kueal found using the plateau phase for both
STRUCTURE and INSTRUCT as well as with the smal@iE for INSTRUCT (Table 3-3).
Interestingly, this is not the case with the higheg probability, where the optimal K for both
the Bornean and all individuals d¥. tanarius is 11. In this case the analysis for all
individuals still maintains one cluster for Malagrisula, but redistributes the remaining
individuals among 10 rather than 11 clusters (Fg®7). This indicates a possible
superfluous cluster in this optimality identifi@rfthe Bornean individuals. Again, this shows
that a careful check of the optimal number of dustdetected is always necessary.

In the situation of the calculation AK andAK DIC values, the optimal K for aM. tanarius
individuals is found to be K =2, and thus smallean for only the Bornean individuals
(K =5). Similarly for the INSTRUCT analysis thetopal K for all M. tanariusindividuals is
found to be K=2 and for the Bornean individuals=R. This lower number of optimal
clusters can be explained by the fact that theutation of AK detects the uppermost
hierarchical level of structure in a data set (Ewaret al. 2005). Thus, a high genetic
differentiation between individuals from Borneo aidlay Peninsula is indicated.

An interesting side note when examining the seamndér rate of changeé\K and AK DIC
(Figure 3-2B & D), for the Bornean individuals isdauble peak. In both cases the highest
peak is reported, but they are not consistent V& RUCTURE and INSTRUCT (K=5
and K = 3, respectively). In both cases when the o&change is combined with the plots of
the curves they are based on (Figure 3-2A & Chpeitomes apparent that the true optimal
occurs at the higher K value (K=5). This is cetent between the analyses, and is in
accordance with the result K = 6 for Bl tanarius as the individuals from Malay Peninsula
are always grouped into a single cluster. In tliseccombining different approaches for the
determination of the optimal K value helps to fiheé optimal number of clusters in the data.

The different approaches to detect the optimaldtlgined with visual inspection of the bar
plots, consistently results in five groupings amdhg BornearM. tanarius individuals as
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identified in Figure 3-6 (labelled b-f). This cleamall-scale geographic structure, is
contradicting the expectations of elevated amouwrftgollen-mediated gene flow in the
species (hypothesis 5 chapter 1.2), which wouldlr@s mixed clusters for the regions.

Further analysis using PCoA confirms the clear gergeographic differentiation between
M. tanarius individuals from Borneo and the Malay PeninsulaisT differentiation is
illustrated along the primary axis which alreadg@amts for nearly 35% of variation (Figure
3-9 & Table 3-4). A further PCoA of the first twoxes of only the Bornean individuals
(Figure 3-10) already shows groupings previouslgcdbed by the geographical clusters
identified in the assignment analysis (Figure 35z 6). The larger number of subgroups
makes it difficult to visualize the groupings, libe first two axes already account for ~43%
of the variation.

The rarefied mean allelic richness figk. tanarius shows a difference between individuals
from Sarawak/Brunei and those from Sabah (Tabl¢ &3 with M. winkleri, individuals of
M. tanariusfrom Sabah show a higher mean allelic richness thase from Sarawak/Brunei
indicating the expanding edge Mf tanariusto be in Sarawak/Brunei.

Genetic differentiation in M. tanarius between individuals west and east of the
Crocker Range, Sarawak/Brunei vs. Sabah, and Bornegs. Malay Peninsula

There are 154M. tanariusindividuals from Sabah that were collected westhaf Crocker
Range. As withM. winkleri, these individuals could be grouped with either thdividuals
from Sarawak/Brunei to form a group of all indivadsi west of the Crocker Range, or
together with the rest of the individuals from Sabd&o determine the grouping with the
highest differentiation, the differentiation meassirwere calculated for each of these
groupings.

The results of the assignment analysis using bORRIIECTURE and INSTRUCT show that
individuals ofM. tanariusfrom Sarawak/Brunei and southwestern Sabah censigtcluster
together from K = 2 to K = 11 (Figure 3-5 & Figu3es, not all plots shown). No indications
for a split between individuals from these two cew are given by the assignment analyses.
However, asM. tanarius only occurs in northern Sarawak, the number of $asnfrom
Sarawak/Brunei is limited to six. The PCoA plot dasot suggest a split between these
groupings either (Figure 3-10). Unlike fiot. winkleri, the PCoA plot of the first two axes of
the BornearM. tanariusdoes not show a clear differentiation between \&akéBrunei and
Sabah (Figure 3-10A). In this plot the individuditem Sarawak/Brunei cluster together
(towards the far right along the primary axis), the individuals from Sabah, both west and
east, are spread out along both sides of this axis.

The results of the assignment analysis using b@RIECTURE and INSTRUCT (Figure 3-5)
do not indicate the Crocker Range as a barrierutoent gene flow, as individuals from
geographic regions 1, west of the range, and fregion 3, east of the range cluster together.
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Furthermore the PCoA plot does not suggest higbl$enf differentiation between individuals
west and east of the range, but instead shows igi@a&iponsistent with the bar plot analysis.

Nei's genetic distance, the pairwise populatiogr Bnd the G for M. tanarius are
consistently higher for the Sarawak/Brunei and Safp@uping than for the grouping west
and east of the Crocker Range. This indicates &ehiggenetic differentiation for
Sarawak/Brunei, and thus lower levels of gene ftmitween these groupings. Further it does
not indicate the Crocker Range in its current pasits a barrier to gene flow. In order to
determine a baseline for the measures of diffeaigati, the three differentiation values were
also calculated between ti. tanariusindividuals from Malay Peninsula and Borneo (as
M. winkleri is endemic only to Borneo). This comparison wassehoas it represents two
geographically distinct populations which shouldlgithe maximum expected differentiation.
This way an upper bound for each of these meadargsovided allowing for a relative
comparison of their magnitudes. All differentiatiometrics forM. tanarius between Malay
Peninsula and Borneo are consistently higher than the two other comparisons
(Sarawak/Brunei vs. Sabah and west vs. east oCtbeker Range). This is in accordance
with the PCoA plot, which clearly shows the highffefientiation betweenM. tanarius
individuals from Malay Peninsula and Borneo alorg ftfirst axis. This high genetic
differentiation between individuals from Malay Pesiilla and Borneo is in accordance with
the hypothesis of vicariant evolution (hypothesjscBapter 1.2). Comparing Nei's genetic
distance foM. tanariusbetween Malay Peninsula and Borneo, with the \&afaeindividuals
west and east of the Crocker Range, shows a routlyimes higher value for Malay
Peninsula vs. Borneo than for individuals west aast of the Crocker Range and a roughly
3.5 times higher value than for individuals fromr&eak/Brunei vs. Sabah. For thes'
value, proportions between the different groupiags highly similar to proportions of Nei’s
genetic distance. For thefvalues, the proportions are slightly changedshetv the highest
value for Malay Peninsula vs. Borneo, the secoitidst for Sarawak/Brunei vs. Sabah and
the lowest value for west vs. east of the Croclkande.

3.3.3 Comparison of M. winkleri, M. winkleriella and M. tanarius

Assignment analyses were performed Mnwinkleri and M. tanarius using STRUCTURE
and INSTRUCT. FoM. winkleri the true number of clusters (K) was found to lreehFor
M. tanariusthe true number of clusters (K) was found to Befai all individuals and five for
just the Bornean individuals. This result r tanariusis consistent as the sixth cluster for all
individuals is comprised entirely of individual®i the Malay Peninsula.

The larger K value inM. tanarius could mean that there is more differentiation than
M. winkleri. However, without additional knowledge regardihg tlusters, it is not possible
to directly compare the number of optimal clustieosn different analyses. For example an
alternative scenario is that it could be a measfitbe magnitude of differentiation among the
allele data. In this scenario the number of clgstédone are not sufficient to determine higher
genetic differentiation, but are relative to thegméude of the peak differentiation. This
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scenario is corroborated by the strong local gewygca correlation found among the
M. tanarius clusters, as opposed to the large scale geographielation found among the
M. winkleri clusters. An analogous situation is the comparisbM. tanariusfor K = 2 vs.

K =6 (Figure 3-6). At K= 2 the clustering is vesyrong between Malay Peninsula and
Borneo and gives no indication of further localfeliéntiation, but does not preclude further
differentiation, as seen with K =6. Further evidenthat not only supports the second
scenario, but points thl. winkleri actually having a higher differentiation is thelnést log
probability (for STRUCTURE) and the smallest DICiue (for INSTRUCT). These values
are a determination by each program of the optmatber of clusters supported by the raw
data. For STRUCTURBM. winkleri is determined to have 16 clusters, as opposed. trl
Bornean (and all)M. tanarius These values are closer for INSTRUCT, which firals
maximum of 11 possible clusters fdr winkleriand 10 for BorneaM. tanarius(11 for all).

PCoA plots of the nuclear SSR datafbrwinkleriand Borneam. tanarius considered over
similar geographic scales, show a much more pracedipopulation structure M. winkleri
than in M. tanarius While M. winkleri shows three clear clusters, fdd. tanarius the
clustering is less obvious. This is also refledbgdthe fact that foM. winkleri the first two
axes explain ~62% of the variation and kértanariusonly ~43%.

The genetic diversity, assessed by the calculatidhe mean allelic richness, rarefied for the
same sample size, g = 24, is ~1.2 times largeMowinkleri than for BornearM. tanarius
(8.85 vs. 7.16). This can indicate differenceshia population history of the species e.g.
M. tanariuscould have gone through a genetic bottleneck @allextinction and lost some of
its allelic diversity. The lower mean allelic rickss can also indicate thdt winkleriis older
thanM. tanarius the latter havindnad less time for the accumulation of differentlai.

However, comparisons of genetic diversity betwedfergnt organisms is always difficult,
since differences in the mutation rate betweenetyo®lated species can be detected even for
the same DNA regions (Fieldhouse et al. 1997).

Macaranga winkleriellawhich is sister species M. winkleri, is endemic to a small area of
Northern Sarawak. The species shows a mean ailgticess that is not even half the value of
M. winkleri. This is in accordance with the hypothesised lovele of genetic diversity for
M. winkleriella (hypothesis 3, chapter 1.2). It can be explainedthwy very restricted
distribution area, which leads to a small effectpapulation size. Due to fewer individuals,
less new alleles originate. Furthermore the changdhe frequency of an allele in a smaller
population due to random sampling (i.e. genetiét)dis higher. Due to the effect of this
elevated genetic drift the probability that mordelaks are lost from the population is
increased, and the resulting allelic richnesswgelo This is in accordance with the studies of
Brett et al. (1995) and Hamrick and Godt (1996)povehowed that endemic and narrowly
distributed species tended to have lower genetierslity than species with more extensive
geographic ranges. Fbt. winkleriellathe mean allelic richness detected was low. According
to Groombridge et al. (2009) lower genetic diversian be due to either a recent population
crash or a consequence of an evolutionary histbigustained isolation and small effective
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population size. When comparing the alleledvbfwinkleriella and M. winkleri for the nine
common SSR markers, it was found that all but diséeafound inM. winkleriella is shared
with M. winkleri (Table 3-6). The fact that these two species shiirbut one allele can
indicate genetic similarity, and thus maybe a recgparation ofM. winkleriella from

M. winkleri. However, as in microsatellite genotyping analysely the fragments sizes are
assessed, the possibility of size homoplasy,hat. fragments show the same size but not the
same sequence, is given. But over short evolutjoseales homoplasy seems of little concern
(Jarne & Lagoda 1996) and furthermore this seentikalyy when analysing nine loci. The
assumption of a recent split Bf. winkleriellafrom M. winkleri can be supported by the low
genetic diversity detected for this species.

A comparison of the amount of genetic differentiafi using Hedrick’s standardizeds@'
between three geographic regions where Wéthwinkleri and M. tanarius were found was
performedto compare the amounts of gene flow between the epersider study. The three
geographic regions are: a) Northern Sarawak andhdérplus southwestern Sabah for
M. tanariug, b) northwestern Sabah and c) eastern Sabah.eBetihese three regions, the
inter-regional calculations of the 4g'values forM. tanariusvary considerably from those of
M. winkleri (Figure 3-11). ForM. tanarius the value for Gr is the same for a-c and b-c
(0.114) and for a-b it is slightly smaller (0.08This indicates similar amounts of gene flow
between all three populations Bf. tanarius. The detected values are small, indicating low
levels of genetic differentiation and, thus, motiert® high levels of gene flow between the
three analysed populations.

The case is completely different fdvl. winkleri. Between populations b-c the genetic
differentiation for myrmecophytid. winkleri is in a similar range (0.092) as for non-
myrmecophytidV. tanarius.In contrast to that, the genetic differentiatioviEen population
a-c and a-lis much highe(0.437 and 0.373, respectively).

These results are in accordance with the resuliseoP CoA foM. winkleri, which illustrate a
pronounced genetic differentiation between theviildials from Sarawak/Brunei (identified
here as group a) and the individuals from Sababugg b and c) along the primary axis.

The lower genetic differentiation favl. tanariuscompared tavl. winkleri indicates a better
connectivity of theMl. tanariuspopulations via gene flow. This enhanced gene fh@iween
the populations prevents genetic differentiatiotwleen them. An explanation for the higher
amounts of gene flow iM. tanariusthan inM. winkleri can be the difference in pollinators.
While M. tanarius’ main pollinators are flower bug#$/4. winkleri is mainly pollinated by
thrips. Flower bugs have a larger body size thapshAs insects with larger body sizes were
shown to fly longer distances (Shirai 1995), thewir bugs are supposed to cover larger
distances than the thrips pollinatig. winkleri. As gene flow limits genetic structure
(Duminil et al. 2009), higher levels of pollen-mat#id gene flow connect the populations for
M. tanarius thus limiting the genetic population differentiatio

To sum up, the genetic differentiation metrics aade a higher differentiation between the
population west and east of the Crocker Range disasefor regions Sarawak/Brunei and
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Sabah for the myrmecophytic speciswinkleri than for the non-myrmecophytic species
M. tanarius.This indicates higher levels of gene flow betweepuations ofM. tanariusvia
pollen in the non-myrmecophytic species, which barexplained by better flying ability of
its pollinators. In addition a younger agehdftanariusmay explain the lower level of genetic
differentiation.
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4  Combined discussion of the microsatellite and chlaplast analyses

Macaranga winkleri

For myrmecophytidV. winkleri, all analyses performed using both the chloropéest the
microsatellite data set show a clear genetic diffgation between individuals from
Sarawak/Brunei and individuals from Sabah. Thisegierdifferentiation is more pronounced
than the differentiation by the Crocker Range,rabviduals from Sabah, west of the range,
are clearly more similar genetically to the othedividuals from Sabah. Contrary to the
expectations (hypothesis 7, chapter 1.2), this doésdicate that this mountain range acts as
a primary barrier to either seed or pollen flowstegad it indicates that Sarawak/Brunei vs.
Sabah represent an older split within the species.

The chloroplast data shows a pronounced populatacture on the regional scale, as
reflected by the geographical distribution of tlaglotypes (Figure 2-6). This is in accordance
with the expected limited dispersal ability for de®fM. winkleri (hypothesis 1, chapter 1.2).

Also the population structure inferred by the msatellite data shows a clear geographic
structure, but on a larger geographic scale. In rthierosatellite data, the low genetic

differentiation within the groups Sarawak/Bruned&abah indicates high levels of gene flow
within these groups (but not among them). Thergftihe larger distances surpassed by
pollen-mediated gene flow, connecting populatior@ aounter-balance low distances
detected for the seed flow. Weising et al. (2016yedoped a scenario to explain long
dispersal distances for thrips, whereby the thaiggspassively distributed by the wind.

Macaranga winkleriella

The typical expectations of small populations drat tthey are more strongly affected by
genetic drift (Honnay & Jacquemyn 2007) and alseeha smaller number of new alleles
originating due to fewer individuals. In accordamegh these expectation$). winkleriella
had low levels of genetic diversity in both the arbplast and the nuclear data. The
chloroplast haplotype analysis of 13 individualsing an alignment chtpB-rbcL andrpL16
(2,650 bp) resulted in only two haplotypes. Alse tienetic diversity in the microsatellite
data, assessed by the mean allelic richness @dr&dr the sample size), is less than half the
richness calculated favl. winkleri. However, this value may be higher than expectadnwy
taking into account the very restricted distribantayrea oM. winkleriella

In the chloroplast analysis no haplotypes are shhetween the sister specMswinkleri and

M. winkleriella The haplotypes of both species are nine and tglatanal steps apart. This
mutational distance is not large, considering floatM. winkleri 29 mutational steps were
detected on the intraspecific level and can indicat recent split ofM. winkleri and
M. winkleriella into distinct species. The microsatellite data mhighdicate an even more
recent split, as all but one allele Mt winkleriella, for the nine common SSR markers, occur
also in M. winkleri and the nuclear microsatellites are assumed tdvevaster than the
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chloroplast DNA (Wolfe et al. 1987). This can irale thatM. winkleri populations and the
population with the ancestral chloroplast typeMfwinkleriella were still connected via
pollen-based gene flow, while no longer conneciadseed-based gene flow.

Macaranga tanarius

As in M. winkleri, all analyses performed with the SSR data in ngmmecophytic
M. tanariusshow a higher genetic differentiation betweenviiials from Sarawak/Brunei
vs. Sabah than for individuals west and east ofGnecker Range. This contradicts the
expectations of the mountain range as a major gpbgr barrier to dispersal (hypothesis 7,
chapter 1.2).

The low genetic diversity for the chloroplast dafaM. tanarius suggesting a young age of
the species, is in contrast to the higher geneétiersity detected for the nuclear SSR data. The
higher genetic diversity in the microsatellite dagéd, compared with the chloroplast data, can
reflect the generally higher mutation rate of theclear SSR loci compared with the
chloroplast loci. This may be due to the sequenctfsnand the biparental inheritance of the
nuclear genome, which in contrast to the chlorapkbws for recombination to occur.

The low genetic differentiation within the chlorapt data oM. tanarius reflected by the
geographical distribution of the chloroplast hapbets, is due to low levels of genetic
diversity, which is itself a reflection of the yayrage of the species. In contrast, the low
genetic differentiation between the populationshe SSR data is indicative of high levels of
pollen-mediated gene flow, as hypothesised (hymwh®, chapter 1.2), which in turn
prevents high levels of genetic differentiationvibetn the populations.

For M. tanariusboth the microsatellite and the chloroplast da@nsrelatively high levels of
genetic differentiation between individuals fromrBeo and Malay Peninsula, as expected
due to vicariant evolution (hypothesis 8, chapt@).1The level of genetic differentiation is
higher in the microsatellite data than in the ohdast data. This can be explained by a higher
mutation rate of the nuclear SSR loci, comparecd wite chloroplast, and thus a faster
accumulation of genetic differences over time.

Comparison of Macaranga winkleri and Macaranga tanarius

As hypothesised (hypothesis 6, chapter 1.2), thmulation structure was found to be more
pronounced irM. winkleri than inM. tanariusfor both the chloroplast and the microsatellite
data. This is consistent with all performed anaysé the chloroplast data. The analyses
performed with the SSR data, clearly reveal gehelalver levels of genetic differentiation
between the populations bf. tanariusthan ofM. winkleri, indicating higher levels of pollen-
mediated gene flow forM. tanarius For the assignment analyses, a more careful
interpretation of the results is necessary, adffowinkleri the optimal number of clusters in a
similar geographic range is smaller (K = 3) thanNb tanarius(K = 5), which if considered
alone might seem inconsistent. However, when vieteggther with the results from the
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other analyses it becomes apparent that the higherber of clusters foM. tanarius is
probably indicating a lower genetic peak differaitin in the data and therefore, a larger
number of smaller differences are being distingeaishn other words, fa¥. winkleri a small
number of major genetic differentiations (i.e. ¢dus) are found, whereas fbt. tanarius a
larger number of minor differentiations are found.

The mean allelic richness is higher within Sabahnthwithin Sarawak/Brunei, for both
M. winkleri and M. tanarius This is in accordance with the expectations ghar genetic
diversity in a long-term persisting rain forest 8abah compared with Sarawak/Brunei
(hypothesis 9, chapter 1.2). In accordance wit, thie haplotypic richness . tanariusis
also higher in Sabah than in Sarawak/BruRer the chloroplast data M. winkleri the ratio

is reversed, being higher in Sarawak/Brunei. A fdssexplanation can be a stronger
influence of genetic drift of the haploid chlorogiagenome than on the diploid nuclear
genome, due to the smaller effective populatioa @&nnos 1994).
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5 Conclusions

In the genusMacarangaroughly 30 species are myrmecophytes. They offed fand nesting
space for the ant partners in their hollow stemstekurn, the ants protect the plants from
herbivores and lianas.

The project, which this dissertation was part afjed at the analysis of co-evolutionary and
speciation processes in the germdacaranga(Euphorbiaceae) and on the investigation of
how the ant could have promoted speciation inMlaearangahost plants. Myrmecophytic
Macarangaspecies occur in three sectiof&achystemaonPruinosaeandWinklerianae.The
number of myrmecophytes in the sections variesgtyo While Pachystemomromprises 23
myrmecophytic species (out of 25) aRduinosasfive (out of eight) Winklerianaecomprises
only two species, which are both myrmecophytesinvestigate reasons for differences in
species richness of ant-plants, analyses of papolagenetic parameters for sections
PachystemomandPruinosaewere conducted in parallel projects.

In this dissertation, population structure and displ abilities of the species of section
Winklerianage were investigated. The two species ablMdacaranga winkleri and
M. winkleriella, both of which occur together with the same amicsgs. Furthermore, a non-
myrmecophytic species). tanarius was included for a comparison with the myrmecadichy
Winklerianaespecies.

In contrast to non-myrmecophytic species, myrmegbplspecies can be expected to show
limited effective colonisation, as they can onlgmlrse to areas where the ant partner is
already present or within flight distance of théotising ant. FoM. winkleri a limited ability

of seed dispersal, due to the dependence on thepaer could be shown by the
geographical distribution of the chloroplast hapgbats. The chloroplast data show a
pronounced population structure on the regiondedéagure 2-6).

The population structure inferred by the data o€ thiparentally inherited nuclear
microsatellites also reveals a clear geographiactire for M. winkleri, but on a larger
geographic scale (Figure 3-4). This indicates pludien-based gene flow reaches further than
gene flow mediated by seeds (see page 99M.ltanarius high levels of gene flow are
indicated by low GT suggesting that the pollinating flower bugs Mf tanarius connect
populations via gene flow even better than theothafM. winkleri.

The stronger population structure for the chlorsp@ompared to the SSR data can partly be
attributed to the smaller effective population siag the haploid chloroplast genome.
However, it is also indicative of a more efficigmbllen dispersal irM. winkleri than was
previously anticipated due to expected restrictguhd abilities of the thrips, which are the
main pollinators. InM. tanarius low levels of genetic diversity were detected tbe
chloroplast analyses. The phylogeographic anaksigests either a young age and a rapid
colonisation or a relatively recent population lewteck followed by a fast colonisation for
this species.
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In the narrow endemic specilek winkleriellalow levels of genetic diversity were detected by
both chloroplast sequences and nuclear microgateflarkers. This can be explained by the
very restricted distribution area, leading to a bmfhective population size and genetic drift
acting more strongly on the smaller population. tihe chloroplast haplotype network
M. winkleriella is clearly separated (by 9 and 10 mutational $téosn its sister species
M. winkleri (Figure 2-5). In contrast to this, in the micradie analysis all but one of the
alleles found inM. winkleriella is shared withM. winkleri (Table 3-6), indicating genetic
similarity and thus may be a recent separatioMofvinkleriellafrom M. winkleri. It can be
concluded thaM. winkleri populations and the population with the ancestnédroplast type
of M. winkleriella were connected much longer via pollen-based gleme fvhile no longer
connected via seed-based gene flow.

For myrmecophyticM. winkleri, all analyses performed with the chloroplast ahé t
microsatellite data show a clear genetic diffeamdn between individuals from
Sarawak/Brunei and those from Sabah. This gendterehtiation is more pronounced than
the differentiation of populations west and easttted Crocker Range. This indicates that
Sarawak/Brunei vs. Sabah represent an older sphitnathis species.

This split can be explained by the species beimgfngia, in both Sarawak/Brunei and Sabah
when the rainforest became fragmented during aiibgs of the Pliocene, and then when
better conditions resumed, spreading out from thEne fact that the haplotypes are private
for the regions Sarawak/Brunei and Sabah would tinelicate that the two (or more)
subpopulations from both regions have not beereiretic exchange after spreading out of the
refugia. This can be explained by a low effectiygeesd of seed dispersal. Nowadays
Macaranga winkleridoes not occur close to the southwestern coaSabéh, because in this
region no more forest exists. Therefore, gene flammong M. winkleri from the
subpopulations Sarawak/Brunei and Sabah is probiafited.

A high number of missing intermediates between dtgpks from Sabah and Sarawak/Bruneli
were detected. These missing haploytpes could fiectiag haplotypes that became extinct
due to anthropogenic deforestation. However, itr@e@nprobable that the large number of
missing intermediates in the chloroplast network MBI winkleri between regions
Sarawak/Brunei and Sabah is only reflecting themeanthropogenic deforestation during the
last century. In this case some intermediate hgpést would still be expected to occur in the
proximity of the deforested area. Since no interiatedhaplotypes were detected an older
separation of the two groups is suggested.

The identical chloroplast haplotype detectedMnwinkleri on both sides of the mountain

range can be explained by a refugium in Sabahtddcen or near the Crocker Range and
spreading out of the species from the refugiumadih Isides of the Crocker Range. This is in
accordance with the population structurdvbfwinkleri reflected by the nuclear microsatellite
markers.

The fact that sectioiwVinklerianaecomprises only two species, thus lacking a pronedn
radiation of myrmecophytes, can generally be erpldiby a higher connectivity by gene
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flow. These elevated amounts of gene flow have &o drevented the separation of
subpopulations, and thus allopatric speciation. i@y, a clear split withitM. winkleri for
subpopulations from Sarawak/Brunei and Sabah waarshindicating allopatric separation
and possibly a beginning of allopatric speciation.

An explanation for the higher connectivity by gdimv compared with the other sections
could be less restricted effective seed dispensaltd a more mobile ant-partner. The specific
ant partner of M. winkleri, Crematogastermsp. 8, is highly dependent on its host.
Nevertheless, the genetic structure was shown tedsepronounced than in other less host-
specific Crematogastetants from the subgenu3ecacrema(Braasch 2008). This implies a
better dispersal ability o€rematogastersp. 8 compared with the other ant species. An
explanation for the longer flight distances canthme larger body size of these ant queens in
comparison to the ants from subgerdscacrema(Feldhaar et al. 2010), providing better
mobility. In addition, good genetic exchange ampogulations may also be maintained by
elevated amounts of pollen-mediated gene flow, shiovthis work.

In a next step my data will be combined and congangh population genetic parameters of
the parallel projects analysing the obligate myropdgytes of the more radiated sections
PachystemomandPruinosae To do this, the same population genetic diffeegimin measures,
preferably standardized for the maximum variabitifthe markers utilised, using the nuclear
microsatellite data for alMacarangaspecies analysed in the frame of the project hall
calculated. This way a direct comparison of the am® of pollen flow among populations
will be possible. Also for the chloroplast analysése population differentiation will be
compared, allowing for conclusions of differences the population structure and seed
dispersal abilities of the myrmecophytes from therenspecies rich sections with section
Winklerianae
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Abstract

The genusMacarangaThou. (Euphorbiaceae) comprises about 260 dios@pacies that are
distributed in the tropics from West Africa throu§loutheast Asia to some remote Pacific
islands. Some of the most important pioneer trédsvwdand dipterocarp forests of the Malay
Archipelago belong to this genus. An interestingrelteristic ofMacarangais its various
associations with ants. Roughly 30 species arglants (myrmecophytes), providing food
and nesting space for the ants in their hollow stefithe ants protect their hosts from
herbivores and climbers.

The population structure and dispersal abilitieshef two myrmecophytic species of section
Winklerianae M. winkleri and M. winkleriella were investigatedMacaranga winkleri is
endemic to Borneo, whil&. winkleriella occurs only in a small limestone area in northern
Sarawak (Borneo). Both species are obligate myrpiteges, which means that both partners,
the ant and the plant, cannot survive without eattter. Myrmecophytic species can be
expected to show limited effective seed disperaal, in contrast to non-myrmecophytic
species, they can only disperse to areas wherarth@artner is already present or within
flight distance of the colonising ant. To compahe tpopulation structure and dispersal
abilities of myrmecophytes and non-myrmecophytes thon-myrmecophytic species,
M. tanarius(Tanarius group), distributed from India and seathChina to Australia and New
Guinea, was included in this study.

A chloroplast sequence analysis was conducted uknmeg non-coding chloroplast markers,
atpB-rbcL, rpL16 and ccmp5 to reconstruct the phylogeographic histmd differences in
seed dispersal abilities of the species under stédglitionally, population genetic analyses
for the three species were conducted based onaruulerosatellite markers. For this purpose
up to 11 microsatellite markers per species weveldped.

Macaranga winklerishows a pronounced population structure on themaf scale for the
chloroplast data, reflecting limited seed dispegdalities. Also the data of the biparentally
inherited nuclear microsatellites reveal a clegrypation structure, but on a larger geographic
scale, which can indicate that pollen-based geae feaches further than seed-mediated gene
flow.

In the locally restricted specidd, winkleriella, only small amounts of genetic diversity were
detected by both marker systems used.

In M. tanariuslow levels of genetic diversity were detected tfug chloroplast analyses. The
phylogeographic analysis for this species suggasiter a young age and a rapid colonisation
or a relatively recent population bottleneck folexvby fast colonisation. Lower levels of
genetic differentiation among populations for theelear microsatellites, than M. winkleri,
can indicate higher amounts of pollen-mediated dgiene

In contrast to other myrmecophytic sectiondv#caranga sectionWinklerianaecomprises
only two species, thus lacking a pronounced ramhatf myrmecophytes. This lack of
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radiation can be explained by a better genetic ectvity of populations ofM. winkleri
compared with species in the more radiated sectem$ar preventing processes of allopatric
speciation.
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Zusammenfassung

Die GattungMacarangaThou. (Euphorbiaceae) umfasst ungefahr 260 dibeigerten, die
von Afrika Uber Sidostasien bis zu abgelegeneninse Pazifik vorkommen. Einige der
wichtigsten Pionierbdume des typischen Dipterokanzddes des Tieflands des Malayischen
Archipels gehodren zu dieser Gattung. Eine Besomiterion Macarangaist die vielfaltige
Vergesellschaftung mit  Ameisen. Ungefahr 30 Arteninds Ameisenpflanzen
(Myrmecophyten), die Futter und Nistraum fur die éisen im hohlen Stamm bieten und im
Gegenzug Schutz gegen Herbivore und Bewuchs niiebhi&on den Ameisen erhalten.

Die Populationsstruktur und Ausbreitungsfahigkeiteler beiden Arten der Sektion
Winklerianag Macaranga winklerundM. winkleriella, wurden untersucht.

Macaranga winkleriellaist in ihrer Verbreitung auf ein Kalksteingebieh indrdlichen
Sarawak (Borneo) beschrankt, wahravidwinkleri endemisch fur Borneo ist. Beide Arten
sind obligate Myrmecophyten, das heil3t beide Pgritie Pflanze und die Ameise, kdnnen
nicht alleine Uberleben. Fur Myrmecophyten wirdeebegrenzte effektive Ausbreitung Uber
Samen erwartet, da sie sich im Gegensatz zu Nightegophyten nur in Gebiete ausbreiten
kénnen, wo die spezifische Ameise bereits ist cgleln in Flugdistanz befindet. Um die
Populationsstruktur von myrmecophytischen und rmclitmecophytischen Arten zu
vergleichen, wurde die von Indien und Sidchina h&h Australien und Neuguinea
verbreiteteM. tanarius(Tanariusgroup) ebenfalls analysiert.

Drei nichtkodierende ChloroplastenregioneatpB-rbcL, rpL16 und ccmp5, wurden
sequenziert, um die Populationsstruktur der dWieicaranga Arten zu untersuchen. Um
populationsgenetische Analysen durchfihren zu kdnmeurden zwischen 10 und 11
nukleare Mikrosatellitenmarker pro Art entwickettdieine Genotypisierung durchgefihrt.

Die eingeschréankte Ausbreitungsfahigkeit tber Samweam M. winkleri zeigt sich in der
starken geographischen Struktur der Chloroplastgpiddypen. Auch die biparental vererbten
nuklearen Mikrosatelliten zeigen eine deutliche Wafonsstruktur, aber auf einer grof3en
geographischen Skala, was zeigt, dass der Geniloss Pollen weiter reicht als der tber
Samen.

Fur M. winkleriella, die lokal begrenzt vorkommt, wurde sowohl in démloroplasten- als
auch den Mikrosatellitenmarkern nur geringe genbé&Diversitat detektiert.

Macarangatanarius zeigt geringe genetische Diversitat in den Chltasienmarkern. Die
phylogeographische Analyse fur diese Art lasst edev auf ein geringes Alter und eine
schnelle Ausbreitung schlieBen, oder einen durthten ,genetischen Flaschenhals®,
ebenfalls gefolgt von schneller Ausbreitung. Dieder Mikrosatellitenanalyse festgestellte
geringere genetische Differenzierung zwischen depuRtionen spiegelt hoheren Genfluss
Uber Pollen wider.
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Im Gegensatz zu den anderen myrmecophytistterarangaSektionen, besteht die Sektion
Winklerianaenur aus zwei Arten. Die geringe Zahl an Arten @mn 8ektion lasst sich dadurch
erklaren, dass die Populationen Winwinkleri, verglichen mit den Populationen der Arten in
den anderen Sektionen, im besseren genetischeausgst stehen und dadurch allopatrische

Artbildung bisher verhindert wurde.
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Appendix A Neighbor-joining tree oM. winkleriandM. winkleriellausing sequence alignments of
the markeratpB-rbcL andrpL16.

Neigbor-joining tree of M. winkleri and M. winkleriella

mwin_6146_SabahDVtoMaluaJunctiontoBRL
———— mwin_4615_SabahDVFC
mwin 6154 _SabahDVtoMalualunctiontoBRL
mwin_6153_SabahDVtoMaluaJunctiontoBRL
mwin_4733_SabahDVJunctionBL
mwin_4734_SabahDVJunctionBL
mwin_4736_SabahDVJunctionBL
mwin_6112_SabahDVTembTrail
mwin_6129_SabahDVTembTrail
mwin_6130_SabahDVTembTrail
mwin_4290_SabahTabin
mwin_5058_SabahDVWG10
mwin_5065_SabahDVWG10
mwin_5066_SabahDVWG10
mwin_3857_SabahDVBRL
mwin_3860_SabahDVBRL
mwin_5669_SabahPoringLanganan
mwin_5667_SabahPoringLanganan
mwin_5665_SabahPoringLanganan
mwin_4291_SabahTabin Sabah
mwin_4286_SabahTabin
mwin_2581_SabahBtTaviuStop7
mwin_2485_SabahBtTaviuStop1
mwin_2478_SabahBtTaviuStop1
mwin_2051_SabahLuasong
mwin_5196_SabahTawauHillsTrailHotSprings
mwin_5194_SabahTawauHillsTrailHotSprings
mwin_5159_SabahTawauHillsTrailHotSprings
mwin_5142_SabahTawauHills
mwin_5140_SabahTawauHills
mwin_5139_SabahTawauHills
mwin_6468_SabahRanautoKK
mwin_6403_SabahKKtoRanaullHulan
mwin_6417_SabahKKtoRanauStop5
mwin_6462_SabahRanautoKK
mwin_6427_SabahKKtoRanauStop6
mwin_6424_SabahKKtoRanauStop6
mwin_6421_SabahKKtoRanauStop5
mwin_6414_SabahKKtoRanauStop4
—— mwin_6426_SabahKKtoRanauStopé
mwin_6420_SabahKKtoRanauStop5
————— mwin_6469_SabahRanautoKK
mwin_6412_SabahKKtoRanauStop4
mwin_6408_SabahKKtoRanaullHulan

,_ mwin_6407_SabahKKtoRanaullHulan
4‘ mwin_6411_SabahKKtoRanauStop4
mwin_6875_BruneiBelaitWongKadiWaterfall

mwin_6657_SarawakJIMiriBintulu
mwin_6659_SarawaklJIMiriBintulu

mwin_6656_SarawakJIMiriBintulu

mwin_6658_SarawakJIMiriBintulu
mwin_6561_SarawakLambir
mwin_6562_SarawakLambir

mwin_6566_SarawakLambir
mwin_5983_BruneiBelaitTereja
mwin_244_BruneiBelaitLabi
mwin_6061_BruneiBelaitLabi
mwin_5803_BruneiBelaitTereja
mwin_5962_BruneiBelaitTereja
mwin_5970_BruneiBelaitTereja
. . mwin_5974_BruneiBelaitTereja
M- W’nkle” mwin_6874_BruneiBelaitWongKadiWaterfall
| mwin_6962_BruneiBelaitWongKadiWaterfall
mwin_6963_BruneiBelaitWongKadiWaterfall
| ——— mwin_5855_BruneiTutongBtPatoi
mwin_5829_BruneiTutongBtPatoi
mwin_5763_BruneiTutongBtPatoi
mwin_5_BruneiBel
mwin_5828_BruneiTutongBtPatoi
mwin_6873_BruneiBelaitWongKadiWaterfall
mwin_6895_BruneiTembBtPatoi
mwin_6897_BruneiTembBtPatoi

mwin_6898_BruneiTembBtPatoi Sarawak &
mwin_7060_SarawakPuni .
mwin_4391_BruneikBel Brunei

mwin_5723_BruneiTembBel

mwin_5700_BruneiTembBel
mwin_5810_BruneiTemhBel
mwin_5918_BruneiBelaitLabi
mwin_6678_SarawakJIMiriBintulu2
mwin_6679_SarawakJIMiriBintulu2
mwin_7078_SarawakPelagus
mwin_7089_SarawakPelagus
mwin_7126_SarawakPelagus
mwin_6673_SarawakJIMiriBintulu2
mwin_6713_SarawakBtSabahtoBetong
mwin_4396_BruneiKBel
miella _396
miella _397
milella _398
miella _399
miella _400
miella_ 401
miella _403
miella_ 523
M. winkleriella miella_7137
miella _7138
| miella_ 6984
| miella _6985
miella_ 6986

— 0.0001 substitutions/site
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Appendix B A bar plot of the assignment analysis and corregipgngeographic distribution of

M. winkleriindividuals (Appendix J) highlighting the smallade population structure of the species in
the Danum Valley of Sabah (Figure 3-4C). The gralphg the bottom illustrates the clustering of
microsatellite data assuming the admixture modwl,the first K in the plateau phase of the plot of
DIC values, from INSTRUCT, K = 3. The map of Saljahshows the relative position of the Danum
Valley (B). The majority of thé. winkleri individuals were sampled from the specific regibhe
valley as detailed in (C). Each cluster in thetlat is related to its geographic origin(s), inaikby

grid position (specified above the bar plot) andegenerally below the graph. Abbreviations used
with the bar plot are expanded in (C).
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Appendix C  Plant material used in this study. ID, field numbebitat/ecology, collection date
collector and herbarium number are given. Latitade longitude was whenever possible determined
with a GPS, otherwise using fallingrain.com.

Collection
Plant ID Field Date Herbarium
Number_Species number _Latitide __Longitude _Location Habitat / Ecology (dd.mm.yy) Collector (Number)
248 M. tanarius  01-034 2450 101,370 Malaysia, Peninsula, Pahang, Cameron Highlands, Tanah Rata 150201 UMoog Ceiden

2734 M.tanarius  DGO5-10 3239 101.633 Malaysia, Peninsula, Selangor, FRIM, forest road roadside 22.07.05  DGuicking KAS
2743 M.tanarius  DGO5-19 3239 101.633  Malaysia, Peninsula, Selangor, FRIM, forest road roadside 22.07.05  DGuicking

43 M.tanariis  M64 3148 101711 Malaysia, Peninsula, Selangor, Kuala Lumpur 04.09.98  UMaschwitz
2682 M.tanarius  M73 3320 101.750 Malaysia, Peninsula, Selangor, Gombak Valley 04.09.98  UMaschwitz
6083 M.tanarius  CB-06-16 3340 101.820 Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier
6084 M.tanarius  CB-06-17 3340 101.820 Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier
6085 M.tanarius  CB-06-18 3340 101.820  Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06  CBaier
6086 M.tanarius  CB-06-19 3340 101.820 Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier
6087 M.tanarius  CB-06-20 3340 101.820  Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06  CBaier
6088 M.tanarius  CB-06-21 3340 101.820  Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier
6080 M.tanarius  CB-06-22 3340 101.820 Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier
6090 M.tanarius  CB-06-23 3340 101.820 Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier
6092 M.tanarius  CB-06-25 3340 101.820 Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier GAT-6397
6093 M.tanarius  CB-06-26 3340 101.820 Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier GAT-6396
6094 M.tanarius ~ CB-06-27 3340 101.820  Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. roadside 08.08.06 CBaier GAT-6393
6095 M.tanarius  CB-06-28 3330 101.770  Malaysia, Peninsula, Selangor, old Genting road, 43 km to K.L. roadside 08.08.06 CBaier
6096 M. tanarius  CB-06-29 3330 101.770  Malaysia, Peninsula, Selangor, old Genting road, 43 km to K.L. roadside 08.08.06  CBaier
6097 M.tanarius  CB-06-30 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6098 M.tanarius  CB-06-31 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6099 M. tanarius  CB-06-32 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6100 M.tanarius  CB-06-33 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6101 M.tanarius  CB-06-34 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06  CBaier
6102 M.tanarius  CB-06-35 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06  CBaier
6103 M.tanarius  CB-06-36 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6104 M.tanarius  CB-06-37 3330 101.760  Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6105 M.tanarius  CB-06-38 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6106 M.tanarius  CB-06-39 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06  CBaier
6107 M.tanarius  CB-06-40 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6108 M.tanarius  CB-06-41 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6109 M.tanarius  CB-06-42 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6110 M.tanarius  CB-06-43 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier
6111 M.tanarius  CB-06-44 3330 101.760 Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. roadside 08.08.06 CBaier GAT-6395
6068 M.tanarius  CB-06-01 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6069 M.tanarius  CB-06-02 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6070 M.tanarius  CB-06-03 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6071 M.tanarius  CB-06-04 3310 101.740 Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6072 M.tanarius  CB-06-05 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier GAT-6394
6073 M.tanarius  CB-06-06 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier GAT-6392
6074 M.tanarius  CB-06-07 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6075 M.tanarius  CB-06-08 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06  CBaier
6077 M.tanarius  CB-06-10 3310 101.740 Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06  CBaier
6078 M.tanarius  CB-06-11 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6079 M.tanarius  CB-06-12 3310 101.740 Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6080 M.tanarius  CB-06-13 3310 101.740 Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6081 M.tanarius  CB-06-14 3310 101.740  Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier
6082 M.tanarius  CB-06-15 3310 101.740 Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. roadside 08.08.06 CBaier

41 M.tanariis  M62 3720 101.750 Malaysia, Peninsula, Pahang, Fraser's Hill 09.06.98  UMaschwitz
6001 M.tanarius  BF424/06 4800 114,650  Brunei, Tutong, between Tutong and T.Merimbun, close to Kg. Maya roadside 30,0806 BFiala
6002 M.tanarius  Bf425/06 4.800 114,650  Brunei, Tutong, between Tutong and T.Merimbun, close to Kg. Maya roadside 300806 BFiala
6920 M.tanarius  BFO7/62 4876 114.879  Brunei, road BSB-Seria, Liang, km 64 roadside 300807 BFiala
6930 M. tanarius  Bi07/63 4876 114,879 Brunei, road BSB-Seria, Liang, km 64 roadside 310807  BFiala
6931 M.tanarius  Bf07/64 4876 114.879  Brunei, road BSB-Seria, Liang, km 64 roadside 310807 BFiala

28 M. tanarius M50 4941 114,949 Brunei, Bandar Seri Begawan 17.0998  UMaschwitz
6922 M.tanarius  Bi07/57 4862 115406 Malaysia, Sarawak, 15 km to Lawas roadside 29.0807  BFiala
6924 M.tanarius  Bf07/59 4862 115406 Malaysia, Sarawak, 15 km to Lawas roadside 290807 BFiala
5232 M.tanarius  DGO6_325 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06  DGuicking
5233 M.tanarius ~ DGO6_326 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06 DGuicking
5234 M.tanarius ~ DGO6_327 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06  DGuicking
5235 M.tanarius ~ DGO6_328 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06  DGuicking
5236 M.tanarius ~ DGO6_329 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06 DGuicking
5237 M.tanarius  DGO6_330 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06  DGuicking
5238 M.tanarius ~ DGO6_331 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06 DGuicking
5239 M.tanarius ~ DGO6_332 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06 DGuicking
5240 M.tanarius  DGO6_333 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06  DGuicking
5241 M.tanarius ~ DGO6_334 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06 DGuicking
5242 M.tanarius  DGO6_335 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06  DGuicking
5243 M.tanarius ~ DGO6_336 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06 DGuicking
5244 M.tanarius ~ DGO6_337 5731 115652 Malaysia, Borneo, Sabah, Pulau Tiga Island along trails in forest 06.09.06  DGuicking
6190 M.tanarius  CB-06-122 5.180 116,590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6191 M.tanarius  CB-06-123 5180 116590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6192 M.tanarius  CB-06-124 5.180 116,590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6193 M.tanarius  CB-06-125 5.180 116,590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6194 M.tanarius ~ CB-06-126 5180 116590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6195 M.tanarius  CB-06-127 5.180 116,590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6196 M.tanarius ~ CB-06-128 5180 116590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier GAT-6369
6197 M.tanarius  CB-06-129 5180 116,590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806  CBaier
6198 M.tanarius  CB-06-130 5.180 116,590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6199 M.tanarius  CB-06-131 5180 116,590 Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan riverside 210806 CBaier
6176 M.tanarius  CB-06-108 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 20.08.06  CBaier GAT-6366 / 6375
6177 M.tanarius  CB-06-109 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 200806 CBaier
6178 M.tanarius  CB-06-110 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 200806 CBaier
6179 M.tanarius  CB-06-111 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 20.08.06  CBaier
6180 M.tanarius  CB-06-112 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 200806 CBaier
6181 M.tanarius  CB-06-113 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 20.08.06  CBaier
6182 M.tanarius  CB-06-114 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 200806 CBaier
6183 M.tanarius  CB-06-115 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 200806 CBaier
6184 M.tanarius  CB-06-116 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 20.08.06  CBaier
6185 M.tanarius  CB-06-117 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 200806 CBaier
6186 M.tanarius  CB-06-118 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 20.08.06  CBaier
6187 M.tanarius  CB-06-119 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 20,0806  CBaier
6188 M.tanarius  CB-06-120 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 200806 CBaier GAT-6370
6189 M.tanarius  CB-06-121 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 20.08.06  CBaier
6200 M.tanarius ~ CB-06-132 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806 CBaier GAT-6379
6201 M.tanarius  CB-06-133 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 21,0806  CBaier
6202 M.tanarius  CB-06-134 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806 CBaier
6203 M.tanarius ~ CB-06-135 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806 CBaier
6204 M.tanarius  CB-06-136 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806  CBaier
6205 M.tanarius ~ CB-06-137 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806 CBaier
6206 M.tanarius  CB-06-138 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806 CBaier
6207 M.tanarius  CB-06-139 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806 CBaier
6208 M.tanarius  CB-06-140 5210 116,570 Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera roadside 210806 CBaier
6226 M.tanarius  CB-06-158 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier GAT-6386
6227 M.tanarius ~ CB-06-159 5200 116.560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6228 M.tanarius  CB-06-160 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6220 M.tanarius  CB-06-161 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6230 M.tanarius  CB-06-162 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier GAT-6387
6231 M.tanarius  CB-06-163 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6232 M.tanarius  CB-06-164 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6233 M.tanarius  CB-06-165 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6234 M.tanarius  CB-06-166 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier GAT-6378
6235 M.tanarius ~ CB-06-167 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6236 M. tanarius  CB-06-168 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6237 M.tanarius  CB-06-169 5200 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa roadside 230806 CBaier
6209 M.tanarius  CB-06-141 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier GAT-6371
6210 M.tanarius  CB-06-142 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6211 M.tanarius ~ CB-06-143 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6212 M.tanarius ~ CB-06-144 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6213 M.tanarius  CB-06-145 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6214 M.tanarius  CB-06-146 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6215 M.tanarius  CB-06-147 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6216 M.tanarius ~ CB-06-148 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6217 M.tanarius  CB-06-149 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6218 M.tanarius  CB-06-150 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6220 M.tanarius ~ CB-06-152 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6221 M.tanarius  CB-06-153 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier GAT-6368
6222 M.tanarius  CB-06-154 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier GAT-6367
6223 M.tanarius  CB-06-155 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6224 M.tanarius  CB-06-156 5210 116,560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6225 M.tanarius ~ CB-06-157 5210 116.560 Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa vegetation around the hotel 230806 CBaier
6257 M.tanarius  CB-06-189 5570 116.230 Malaysia, Borneo, Sabah, periphery of Beaufort periphery of town, loamy, sandy area 260806 CBaier
5863 M.tanarius  BF280/06b 5564 115600 Malaysia, Sabah, 5 km to Kuala Penyu roadside, 1 m from the sea 18.08.06 BFiala
5864 M.tanarius ~ BF281/06b 5564 115600 Malaysia, Sabah, 5 km to Kuala Penyu roadside, 1 m from the sea 180806 BFiala
6290 M.tanarius  CB-06-222 6.020 116,080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 28.08.06  CBaier
6291 M.tanarius  CB-06-223 6.020 116,080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806 CBaier



132 Comparative phylogeographic and population gertie analyses of threeMacaranga species

Collection
Plant ID Field Date Herbarium
Number_Species number Latitude Longitude _Location Habitat / Ecology (dd.mm.yy) Collector (Number)
6292 M. tanarius  CB-06-224 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinaball, Pulau Gaya Torest edge 280806 CBaier
6293 M.tanarius  CB-06-225 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806  CBaier
6204 M.tanarius  CB-06-226 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806 CBaier
6295 M.tanarius  CB-06-227 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806  CBaier GAT-6373
6296 M.tanarius  CB-06-228 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806  CBaier
6297 M.tanarius  CB-06-229 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806 CBaier
6298 M.tanariuss  CB-06-230 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806  CBaier
6299 M.tanarius  CB-06-231 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806 CBaier
6300 M.tanarius  CB-06-232 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806  CBaier
6301 M.tanarius  CB-06-233 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806  CBaier
6302 M.tanarius ~ CB-06-234 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806 CBaier
6303 M.tanarius  CB-06-235 6.020 116.080 Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya forest edge 280806  CBaier
6342 M.tanarius  CB-06-274 6.120 116310 Malaysia, Borneo, Sabah, Putera Jaya roadside 300806 CBaier
6343 M.tanarius  CB-06-275 6.120 116310 Malaysia, Borneo, Sabah, Putera Jaya roadside 300806 CBaier
6258 M.tanarius  CB-06-190 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier GAT-6376
6259 M.tanarius  CB-06-191 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 270806 CBaier
6260 M.tanarius ~ CB-06-192 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6261 M.tanarius  CB-06-193 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6262 M.tanarius  CB-06-194 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806 CBaier
6263 M.tanarius  CB-06-195 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6264 M.tanarius ~ CB-06-196 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6265 M.tanarius  CB-06-197 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6266 M.tanarius  CB-06-198 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6267 M.tanarius  CB-06-199 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6268 M.tanarius  CB-06-200 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6269 M.tanarius  CB-06-201 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806 CBaier
6270 M.tanarius  CB-06-202 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806 CBaier
6271 M.tanarius  CB-06-203 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6272 M.tanarius ~ CB-06-204 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 270806 CBaier
6273 M.tanarius  CB-06-205 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6274 M.tanarius  CB-06-206 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6275 M.tanarius  CB-06-207 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806 CBaier
6276 M.tanarius  CB-06-208 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier GAT-6383
6277 M.tanarius  CB-06-209 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 270806 CBaier GAT-6382
6278 M.tanariuss  CB-06-210 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6279 M.tanarius  CB-06-211 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier GAT-6380
6280 M.tanarius  CB-06-212 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 270806 CBaier GAT-6377
6281 M.tanarius  CB-06-213 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier GAT-6384
6282 M.tanarius  CB-06-214 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 270806 CBaier GAT-6385
6283 M.tanarius  CB-06-215 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 270806  CBaier
6284 M.tanarius  CB-06-216 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier GAT-6381
6285 M.tanarius  CB-06-217 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806 CBaier
6286 M.tanarius  CB-06-218 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6287 M.tanarius  CB-06-219 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 270806 CBaier
6288 M.tanarius  CB-06-220 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6289 M.tanarius  CB-06-221 6640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, periphery periphery of town, roadside 27.0806  CBaier
6317 M.tanarius  CB-06-249 6.640 116.080 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6318 M.tanarius  CB-06-250 6640 116.080 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6319 M.tanarius  CB-06-251 6640 116.080 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6320 M.tanarius  CB-06-252 6.640 116.080 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6175 M.tanarius  CB-06-107 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 19.0806 CBaier
6308 M.tanarius  CB-06-240 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6309 M.tanarius  CB-06-241 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6310 M.tanarius ~ CB-06-242 6.640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier GAT-6374
6311 M.tanarius ~ CB-06-243 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6312 M.tanarius ~ CB-06-244 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6313 M.tanarius  CB-06-245 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6314 M.tanarius ~ CB-06-246 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6315 M.tanarius  CB-06-247 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6316 M.tanarius  CB-06-248 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6321 M.tanarius  CB-06-253 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6322 M.tanarius  CB-06-254 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6323 M.tanarius  CB-06-255 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6324 M.tanarius  CB-06-256 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6325 M.tanarius  CB-06-257 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6326 M.tanarius  CB-06-258 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6327 M.tanarius  CB-06-259 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6328 M.tanarius  CB-06-260 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6329 M.tanarius  CB-06-261 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6330 M.tanarius ~ CB-06-262 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6331 M.tanarius ~ CB-06-263 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6332 M.tanarius  CB-06-264 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6333 M.tanarius  CB-06-265 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6334 M.tanariuss  CB-06-266 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6335 M.tanarius  CB-06-267 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6336 M.tanarius  CB-06-268 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6337 M.tanarius  CB-06-269 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6338 M.tanarius  CB-06-270 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6339 M.tanarius  CB-06-271 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6340 M.tanarius  CB-06-272 6640 116.130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 29.0806  CBaier
6341 M.tanarius  CB-06-273 6.640 116130 Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang roadside 290806 CBaier
6344 M.tanarius  CB-06-276 6.240 116.130 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806  CBaier
6345 M.tanarius  CB-06-277 6.240 116130 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6346 M.tanarius  CB-06-278 6.240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6347 M.tanarius  CB-06-279 6240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6348 M.tanarius  CB-06-280 6.240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6349 M. tanarius  CB-06-281 6240 116.460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier GAT-6372
6350 M.tanarius ~ CB-06-282 6240 116.460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6351 M.tanarius ~ CB-06-283 6.240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6352 M.tanarius ~ CB-06-284 6.240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6353 M.tanarius ~ CB-06-285 6.240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806 CBaier
6354 M.tanarius  CB-06-286 6240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806  CBaier
6355 M.tanarius  CB-06-287 6240 116460 Malaysia, Borneo, Sabah, from KK towards Kota Belud roadside 300806  CBaier
6356 M.tanarius  CB-06-288 6.640 116.650 Malaysia, Borneo, Sabah, South of Kota Belud roadside 310806 CBaier
6357 M.tanarius  CB-06-289 6640 116.650 Malaysia, Borneo, Sabah, South of Kota Belud roadside 310806 CBaier
6358 M.tanarius  CB-06-290 6.640 116.650 Malaysia, Borneo, Sabah, South of Kota Belud roadside 310806 CBaier
6359 M.tanarius  CB-06-291 6.640 116.650 Malaysia, Borneo, Sabah, South of Kota Belud roadside 310806 CBaier
6370 M.tanarius  CB-06-302 6630 116.130 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6371 M.tanarius  CB-06-303 6.630 116130 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6372 M.tanarius  CB-06-304 6.630 116.130 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6373 M.tanarius  CB-06-305 6630 116.130 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6374 M.tanariuss  CB-06-306 6.630 116130 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6375 M.tanarius  CB-06-307 6630 116.130 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6377 M.tanarius  CB-06-309 6.630 116460 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6378 M.tanarius  CB-06-310 6630 116460 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6360 M.tanarius  CB-06-292 6630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6361 M.tanarius  CB-06-293 6.630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6362 M.tanarius  CB-06-294 6630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6363 M.tanarius  CB-06-295 6.630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6364 M.tanarius  CB-06-296 6.630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6365 M.tanarius  CB-06-297 6630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6366 M.tanarius  CB-06-298 6.630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6367 M.tanarius  CB-06-299 6.630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6369 M. tanarius  CB-06-301 6.630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6376 M.tanarius  CB-06-308 6.630 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6379 M.tanarius  CB-06-311 6640 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6380 M.tanarius  CB-06-312 6.640 116.680 Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel roadside 310806 CBaier
6387 M.tanarius  CB-06-319 6.600 116.660 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6384 M.tanarius  CB-06-316 6.600 116.680 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6385 M.tanarius  CB-06-317 6.600 116.680 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6394 M.tanarius  CB-06-326 6630 116.680 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6382 M.tanarius ~ CB-06-314 6.600 116.750 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6383 M.tanarius  CB-06-315 6.600 116.750 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6388 M.tanarius  CB-06-320 6.600 116.750 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6389 M.tanarius  CB-06-321 6.600 116.750 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6390 M.tanarius  CB-06-322 6.600 116.750 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6391 M.tanarius  CB-06-323 6.600 116.750 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6393 M.tanarius  CB-06-325 6.600 116.750 Malaysia, Borneo, Sabah, Kota Belud, direction Kudat small forest near road 01.09.06  CBaier
6395 M.tanarius  CB-06-327 6.280 116500 Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 roadside 020906  CBaier
6396 M.tanarius ~ CB-06-328 6.280 116500 Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 roadside 020906  CBaier
6397 M.tanarius  CB-06-329 6.280 116500 Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 roadside 020906 CBaier
6398 M.tanarius  CB-06-330 6.280 116.660 Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 roadside 020906  CBaier
6399 M. tanarius  CB-06-331 6510 116.650 Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 roadside 0209.06  CBaier
6400 M.tanarius  CB-06-332 6510 116.650 Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 roadside 020906 CBaier
6401 M.tanarius  CB-06-333 6510 116.750 Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 roadside 020906  CBaier
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6402 M. tanarius CB-06-334 6.510 116.750 Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 roadside 02.09.06 CBaier
6440 M.tanarius  CB-06-372 6500 116,500 Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6441 M. tanarius CB-06-373 6.500 116.650 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6442 M.tanarius  CB-06-374 6500 116,650 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06  CBaier
6439 M.tanarius  CB-06-371 6500 116.750 Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6433 M. tanarius CB-06-365 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6434 M.tanarius  CB-06-366 6500 117.200  Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6435 M. tanarius CB-06-367 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6436 M. tanarius CB-06-368 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6437 M.tanarius  CB-06-369 6500 117.200  Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06  CBaier
6438 M. tanarius CB-06-370 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6443 M.tanarius  CB-06-375 6500 117.200  Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6444 M. tanarius CB-06-376 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6445 M. tanarius CB-06-377 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6446 M.tanarius  CB-06-378 6500 117.200 Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6447 M. tanarius CB-06-379 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6448 M. tanarius  CB-06-380 6500 117.200  Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06  CBaier
6450 M.tanarius  CB-06-382 6500 117.200 Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6451 M. tanarius CB-06-383 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6452 M.tanarius  CB-06-384 6500 117.200  Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6453 M. tanarius CB-06-385 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6457 M. tanarius CB-06-389 6.500 117.200 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6449 M. tanarius  CB-06-381 6500 117.210  Malaysia, Borneo, Sabah, outskits of Ranau roadside 03.09.06  CBaier
6454 M. tanarius CB-06-386 6.500 117.210 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6455 M. tanarius  CB-06-387 6500 117.210 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06  CBaier
6456 M. tanarius CB-06-388 6.500 117.210 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6458 M. tanarius CB-06-390 6.500 117.210 Malaysia, Borneo, Sabah, outskirts of Ranau roadside 03.09.06 CBaier
6030 M.tanarius  BF453/06 6070 116.720  Malaysia, Borneo, Sabah, Poring, staff quarters area around staff quarters 130806 BFiala
6026 M. tanarius BF449/06 6.070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 12.08.06 BFiala
6027 M.tanarius  BF450/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 120806  BFiala
6033 M.tanarius  BF456/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 120806  BFiala
6034 M. tanarius BF457/06 6.070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 12.08.06 BFiala
6035 M.tanarius  BF458/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 120806  BFiala
6036 M. tanarius BF459/06 6.070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 12.08.06 BFiala
6037 M. tanarius BF460/06 6.070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 12.08.06 BFiala
6060 M.tanarius  BF488/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road next to river 120806  BFiala
6043 M. tanarius BF466/06 6.070 116.720 Malaysia, Borneo, Sabah, Poring. Langanan trail in forest 17.08.06 BFiala
6031 M.tanarius  BF454/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, Hot springs area 130806 BFiala
6029 M. tanarius BF452/06 6.070 116.720 Malaysia, Borneo, Sabah, Poring, Camp sits 13.08.06 BFiala
6032 M. tanarius BF455/06 6.070 116.720 Malaysia, Borneo, Sabah, Poring, Camp site 14.08.06 BFiala
4334 M.tanarius  BF 9177 5650 117.210  Malaysia, Borneo, Sabah, Telupid, Jin. Microwave roadside 28.08.05  BFiala
6142 M. tanarius CB-06-74 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06 CBaier
6143 M.tanarius  CB-06-75 5050 117.760  Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06  CBaier
6144 M.tanarius  CB-06-76 5.050 117.760  Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06  CBaier
6145 M. tanarius CB-06-77 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06 CBaier
6148 M.tanarius  CB-06-80 5050 117.760  Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06  CBaier
6149 M. tanarius CB-06-81 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06 CBaier
6150 M.tanarius  CB-06-82 5.050 117.760  Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06  CBaier
6151 M.tanarius  CB-06-83 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06  CBaier
6152 M. tanarius CB-06-84 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06 CBaier
6161 M.tanarius  CB-06-93 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, DVFC, exit primary forest 15.08.06  CBaier
5211 M. tanarius DGO6_304 4.990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06 DGuicking
5212 M. tanarius DGO6_305 4.990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06 DGuicking
5213 M.tanarius  DGO6_306 4990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5214 M. tanarius DGO6_307 4.990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06 DGuicking
5215 M.tanarius  DGO6_308 4990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5216 M.tanarius  DGO6_309 4990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5217 M. tanarius DG06_310 4.990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06 DGuicking
5218 M.tanarius ~ DGO6_311 4990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5219 M. tanarius DGO6_312 4.990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06 DGuicking
5220 M.tanarius ~ DGO6_313 4990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5221 M.tanarius ~ DGO6_314 4990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5222 M. tanarius DGO6_315 4.990 117.960 Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu very recent logging site/road 03.09.06 DGuicking
4302 M.tanarius  BF 57 5310 118.840 Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Resort open area 250805 BFiala
4306 M. tanarius BF 61 5.310 118.840 Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Resort open area 27.08.05 BFiala
5119 M. tanarius DG06_212 4.390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806 DGuicking
5120 M.tanarius ~ DGO6_213 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5121 M. tanarius DGO6_214 4.390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806 DGuicking
5123 M.tanarius ~ DGO6_216 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5124 M.tanarius ~ DGO6_217 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5125 M. tanarius DGO6_218 4.390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of il palm plantation edge of oil palm plantation and secondary forest 29.0806 DGuicking
5128 M.tanarius  DGO6_221 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5129 M. tanarius DGO6_222 4.390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806 DGuicking
5130 M.tanarius ~ DGO6_223 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5131 M.tanarius ~ DGO6_224 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5132 M. tanarius DGO6_225 4.390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806 DGuicking
5133 M.tanarius  DGO6_226 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5134 M. tanarius DGO6_227 4.390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806 DGuicking
5135 M. tanarius DGO6_228 4.390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation edge of oil palm plantation and secondary forest 29.0806 DGuicking
305 M. tanarius 7655 110.723  Indonesia, Java 02.10.00  UMaschwitz
1531 M. tanarius M644 -0.980 116.930 Indonesia, Borneo, E-Kalimantan, Samboja. burned 18 and 3 years ago 10.12.01  Fslik
1532 M.tanarius  M693 0980 116,930  Indonesia, Borneo, E-Kalimantan, Samboja burned 18 and 3 years ago 111201 FSlik
1533 M. tanarius M705 -0.980 116.930 Indonesia, Borneo, E-Kalimantan, Samboja. burned 18 and 3 years ago 131201 FsSlik
6713 M. winkleri CB-07-248 1463 111560 Malaysia, Borneo, Sarawak, Bt. Saban Resort to Betong edge of gravel path to Paku 05.08.07 CBaier
7092 M.winkleri  CB-07-25 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort next to creek in forest 20.07.07  CBaier
7078 M. winkleri CB-07-11 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort next to creek in forest 19.07.07 CBaier
7102 M.winkleri  CB-07-35 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort near hotel 20.07.07  CBaier
7126 M.winkleri  CB-07-59 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort near hotel 20.07.07  CBaier
7087 M. winkleri CB-07-20 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort next to creek in forest 20.07.07 CBaier
7089 M.winkleri  CB-07-22 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort near hotel 20.07.07  CBaier
7088 M. winkleri CB-07-21 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort next to creek in forest 20.07.07 CBaier
7098 M. winkleri CB-07-31 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort next to creek in forest 20.07.07 CBaier
7093 M. winkleri  CB-07-26 2190 113.060 Malaysia, Borneo, Sarawak, Pelagus Resort next to creek in forest 20.07.07  CBaier GAT-6403
6670 M. winkleri CB-07-205 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6676 M.winkleri  CB-07-211 3350 113.440  Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07  CBaier
6669 M. winkleri CB-07-204 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6675 M. winkleri CB-07-210 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6668 M.winkleri  CB-07-203 3350 113440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07  CBaier
6674 M. winkleri CB-07-209 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6667 M.winkleri  CB-07-202 3350 113.440  Malaysia, Borneo, Sarawak, Jalan Miri -Bi close to a small creek 31.07.07  CBaier
6680 M.winkleri  CB-07-215 3350 113.440  Malaysia, Borneo, Sarawak, Jalan Mii -Bi close to a small creek 31.07.07  CBaier
6679 M. winkleri CB-07-214 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6678 M.winkleri  CB-07-213 3350 113440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07  CBaier
6673 M. winkleri CB-07-208 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6671 M. winkleri CB-07-206 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6677 M.winkleri  CB-07-212 3350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07  CBaier
6672 M. winkleri CB-07-207 3.350 113.440 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, street to Tubau close to a small creek 31.07.07 CBaier
6650 M.winkleri  CB-07-194 3680 113.750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07  CBaier
6658 M. winkleri CB-07-193 3.680 113.750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07 CBaier
6657 M. winkleri CB-07-192 3.680 113.750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07 CBaier
6664 M.winkleri  CB-07-199 3680 113750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07  CBaier
6656 M. winkleri CB-07-191 3.680 113.750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07 CBaier
6663 M.winkleri  CB-07-198 3680 113750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07  CBaier
6655 M.winkleri  CB-07-190 3680 113750 Malaysia, Borneo, Sarawak, Jalan Mii -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07  CBaier
6662 M. winkleri CB-07-197 3.680 113.750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07 CBaier
6654 M.winkleri  CB-07-189 3680 113750 Malaysia, Borneo, Sarawak, Jalan Mii -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07  CBaier
6661 M. winkleri CB-07-196 3.680 113.750 Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu, ca 103 miles to Miri dirt road at boundary of plantation 31.07.07 CBaier
6557 M.winkleri  CB-07-88 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
6550 M.winkleri  CB-07-90 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
6551 M. winkleri CB-07-82 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07 CBaier
6560 M.winkleri  CB-07-91 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
7136 M. winkleri CB-07-77 4.226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07 CBaier
6552 M. winkleri CB-07-83 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07 CBaier
6561 M.winkleri  CB-07-92 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
6553 M. winkleri CB-07-84 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07 CBaier
6562 M.winkleri  CB-07-93 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
7124 M.winkleri  CB-07-57 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 2507.07  CBaier
6554 M. winkleri CB-07-85 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07 CBaier
6566 M.winkleri  CB-07-98 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
7125 M. winkleri CB-07-58 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 25.07.07 CBaier
6555 M.winkleri  CB-07-86 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
6567 M.winkleri  CB-07-99 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
6556 M. winkleri CB-07-87 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07 CBaier
6568 M.winkleri  CB-07-100 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, forest between HQ and waterfall 1 river bank (sand) 26.07.07  CBaier
6608 M. winkleri CB-07-144 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07 CBaier
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6605 M. winkleri  CB-07-139 7226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park Torest edge 29.07.07 CBaier
6604 M.winkleri  CB-07-138 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6607 M.winkleri  CB-07-142 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07 CBaier
6606 M.winkleri  CB-07-140 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6615 M.winkleri  CB-07-151 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6614 M.winkleri  CB-07-150 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07 CBaier
6613 M.winkleri  CB-07-149 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6612 M.winkleri  CB-07-148 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6620 M.winkleri  CB-07-156 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07 CBaier
6611 M.winkleri  CB-07-147 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6618 M.winkleri  CB-07-154 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07 CBaier
6610 M.winkleri  CB-07-146 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
7135 M.winkleri  CB-07-76 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park island in river, near bridge 26.07.07 CBaier
7134 M.winkleri  CB-07-75 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Near Hilltop Lodge forest edge 26.07.07 CBaier
7133 M.winkleri  CB-07-74 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Near Hilltop Lodge forest edge 26.07.07  CBaier
7130 M.winkleri  CB-07-71 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Near Hilltop Lodge forest edge 26.07.07 CBaier
7120 M.winkleri  CB-07-68 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Near Hilltop Lodge forest edge 26.07.07  CBaier
7128 M.winkleri  CB-07-65 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Near Hilltop Lodge forest edge 26.07.07  CBaier
7127 M.winkleri  CB-07-64 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Near Hilltop Lodge forest edge 26.07.07 CBaier
7132 M.winkleri  CB-07-73 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, Near Hilltop Lodge forest edge 26.07.07  CBaier
6599 M.winkleri  CB-07-131 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, near bridge, Latak Waterfall near bridge,close to waterfall 29.07.07 CBaier
6597 M.winkleri  CB-07-129 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, near Tree Tower edge of a trail in forest 29.07.07  CBaier
6596 M.winkleri  CB-07-128 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, near Tree Tower edge of a trail in forest 29.07.07  CBaier
6980 M.winkleri  BFO7/115 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Nibong waterfall Primary forest, close to waterfall 02,0907 BFiala
6941 M.winkleri  Bi07/76 4226 114,035 Malaysia, Borneo, Sarawak, Lambir National Park, Nibong waterfall Primary forest, close to waterfall 02.09.07  BFiala
6942 M.winkleri  BFO7/77 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Nibong waterfall Primary forest, close to waterfall 02.09.07 BFiala
6943 M.winkleri  Bf07/78 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, Nibong waterfall Primary forest, close to waterfall 02.09.07 BFiala
6903 M.winkleri  BFO7/38 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park, near waterfall 1 Primary forest, near waterfall 02.09.07  BFiala
7110 M.winkleri  CB-07-43 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, forest, between HQ and Waterfall 1 edge of a trail in forest 2507.07 CBaier
6583 M.winkleri  CB-07-115 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park, fork in forest path (Nibong, Latak, Pantu) forest path 29.07.07  CBaier
6582 M.winkleri  CB-07-114 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park, fork in forest path (Nibong, Latak, Pantu) forest path 29.07.07  CBaier
6584 M.winkleri  CB-07-116 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park, fork in forest path (Nibong, Latak, Pantu) forest path 29.07.07 CBaier
6617 M.winkleri  CB-07-153 4226 114035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6616 M.winkleri  CB-07-152 4226 114.035 Malaysia, Borneo, Sarawak, Lambir National Park forest edge 29.07.07  CBaier
6579 M.winkleri  CB-07-111 4225 114.037 Malaysia, Borneo, Sarawak, Lambir National Park, Waterfall 2, opposite bank close to waterfall 29.07.07  CBaier
6577 M.winkleri  CB-07-109 4225 114.037 Malaysia, Borneo, Sarawak, Lambir National Park, Waterfall 2, opposite bank close to waterfall 29.07.07  CBaier
6576 M.winkleri  CB-07-108 4225 114.037 Malaysia, Borneo, Sarawak, Lambir National Park, Waterfall 2, opposite bank close to waterfall 29.07.07  CBaier
6575 M.winkleri  CB-07-107 4225 114.037 Malaysia, Borneo, Sarawak, Lambir National Park, Waterfall 2, opposite bank close to waterfall 29.07.07  CBaier
6966 M.winkleri  Bf07/101 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest 310807 BFiala
6962 M.winkleri  BFO7/97 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest 310807 BFiala
6963 M.winkleri  BF07/98 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest 310807 BFiala
6964 M.winkleri  BF07/99 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest 310807 BFiala
6965 M.winkleri  Bi07/100 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest 310807 BFiala
6875 M.winkleri  BFO7/10 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest, lowland, forest understorey and along trail 310807 BFiala
6873 M.winkleri  BF07/08 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest, lowland, forest understorey and along trail 310807 BFiala
6874 M.winkleri  BF07/09 4375 114.459  Bomeo, Brunei, Belait, Wong Kadir waterfall primary forest, lowland, forest understorey and along trail 310807 BFiala
5975 M.winkleri  BF398/06 4.460 114.470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.0806 BFiala
5957 M.winkleri  BF380/06 4.460 114,470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.08.06  BFiala
5986 M.winkleri  BF409/06 4.460 114,470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.0806  BFiala
5952 M.winkleri  BF375//06 4.460 114.470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.0806 BFiala
5802 M.winkleri  BF206/06b 4.460 114.470  Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.08.06  BFiala
5803 M.winkleri  BF207/06b 4.460 114.470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.0806 BFiala
5974 M.winkleri  BF397/06 4.460 114.470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.0806 BFiala
5983 M.winkleri  BF406/06 4.460 114,470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.08.06  BFiala
5962 M.winkleri  BF385/06 4.460 114.470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 290806 BFiala
5970 M.winkleri  BF393/06 4.460 114,470 Bomeo, Brunei, Belait, 5 km to Tereja roadside, good forest 29.08.06  BFiala
6061 M.winkleri  Bi489/06 4.460 114.470  Bomeo, Brunei, Belait, Labi forest reserve 29.08.06  BFiala
5918 M.winkleri  BF344/06 4.460 114.470 Bomeo, Brunei, Belait, Labi forest reserve 29.0806 BFiala

244 M.winkleri  00-040 4.460 114.470  Bomeo, Brunei, Belait, Labi road roadside at the edge of mixed dipterocarp forest 04.06.00 Leiden
7060 M.winkleri  Bf07/191 4715 115032 Malaysia, Borneo, Sarawak, 5 km, to Puni Ferry (along the border of Brunei) 1509.07 BFiala
5701 M.winkleri  BF61/06 4717 115.067 Bomeo, Brunei, Temburong, Belalong, directly on river, opposite bank directly next to river 220806  BFiala
5700 M.winkleri  Bi60/06 4717 115.067 Bomeo, Brunei, Temburong, Belalong, directly on river, opposite bank directly next to river 220806  BFiala
5697 M.winkleri  BF56/07 4717 115.067 Bomeo, Brunei, Temburong, Belalong, opposite bank gap in forest 220806 BFiala
5711 M.winkleri  BF81/06b 4717 115,067 Bomeo, Brunei, Temburong, Belalong Forest department 230806  BFiala
5713 M.winkleri  BF83/06D 4717 115067 Bomeo, Brunei, Temburong, Belalong Forest department 230806 BFiala
5716 M.winkleri  BF86/06D 4717 115067 Bomeo, Brunei, Temburong, Belalong Forest department 230806 BFiala
5694 M.winkleri  BF52/06h 4717 115,067 Bomeo, Brunei, Temburong, Belalong Field centre 210806 BFiala
5723 M.winkleri  BF93/06h 4717 115067 Bomeo, Brunei, Temburong, Belalong Field centre 230806 BFiala
5810 M.winkleri  BF225/06b 4717 115,067 Bomeo, Brunei, Temburong, Belalong Field centre 250806  BFiala
5693 M.winkleri  BF51/06 4717 115,067 Bomeo, Brunei, Temburong, Belalong Field centre 210806 BFiala
6902 M.winkleri  BFO7/37 4712 115079 Bomeo, Brunei, Temburong, 10 km before Bangar roadside, primary forest 29.0807 BFiala
6899 M.winkleri  BF07/34 4712 115079 Bomeo, Brunei, Temburong, 10 km before Bangar roadside, primary forest 29.0807  BFiala
6900 M.winkleri  BFO7/35 4712 115079 Bomeo, Brunei, Temburong, 10 km before Bangar roadside, primary forest 29.0807 BFiala
6901 M.winkleri  Bi07/36 4712 115,079 Bomeo, Brunei, Temburong, 10 km before Bangar roadside, primary forest 29.0807  BFiala

5 M.winkleri M7 4550 115133 Bomeo, Brunei, Belalong 20.09.98 KAS

4391 M.winkleri  BF 147 4566 115151 Bomeo, Brunei, Kuala Belalong primary forest, opposite bank 10.09.05 BFiala
4396 M.winkleri  BF 152 4566 115151 Bomeo, Brunei, Kuala Belalong Field centre 100905  BFiala
5760 M.winkleri  BF134/06 4.760 115.180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 01.09.06 BFiala
5855 M.winkleri  Bf272106 4.760 115180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 19.0806 BFiala
5764 M.winkleri  BF138/06b 4760 115,180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 01.09.06 BFiala
5762 M.winkleri  BF136/06b 4.760 115180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 01.09.06 BFiala
6008 M.winkleri  BF431/06 4760 115.180  Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 01.09.06 BFiala
6012 M.winkleri  BF435/06 4.760 115180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 01.09.06 BFiala
5852 M.winkleri  BF269/06 4.760 115.180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 19.0806 BFiala
5853 M.winkleri  Bf270/06 4760 115.180  Bomeo, Brunei,Tutong, Bukit Patoi recreation area, primary forest 190806  BFiala
5828 M.winkleri  BF245/06b 4.760 115.180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 19.0806 BFiala
5763 M.winkleri  BF137/06b 4760 115.180  Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 01.09.06 BFiala
5820 M.winkleri  BF246/06b 4760 115.180  Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 190806  BFiala
6011 M.winkleri  Bf434/06 4760 115.180 Bomeo, Brunei, Tutong, Bukit Patoi recreation area, primary forest 01.09.06 BFiala
5850 M.winkleri  Bf267/06 4760 115.180  Bomeo, Brunei,Tutong, Bukit Patoi recreation area, primary forest 190806  BFiala
6894 M.winkleri  BF07/29 4.760 115.180 Bomeo, Brunei, Temburong, Bukit Patoi roadside, primary forest 29.0807 BFiala
6895 M.winkleri  BFO7/30 4.760 115.180 Bomeo, Brunei, Temburong, Bukit Patoi roadside, primary forest 29.0807 BFiala
6897 M.winkleri  BFO7/32 4760 115.180  Bomeo, Brunei, Temburong, Bukit Patoi roadside, primary forest 29.0807  BFiala
6898 M.winkleri  BFO7/33 4760 115.180 Bomeo, Brunei, Temburong, Bukit Patoi roadside, primary forest 29.0807 BFiala

482 M.winkleri  30/2001 5899 116.225 Malaysia, Borneo, Sabah, Crocker Range logging road 130401  BFiala
6463 M.winkleri  CB-06-395 6.000 116.750 Malaysia, Borneo, Sabah, Ranau to KK roadside 03.09.06 CBaier
6460 M.winkleri  CB-06-392 6110 116,840 Malaysia, Borneo, Sabah, Ranau to KK, Kinabalu view roadside 03.09.06 CBaier
6459 M. winkleri  CB-06-391 6110 116,840 Malaysia, Borneo, Sabah, Ranau to KK, Kinabalu view roadside 03.09.06  CBaier
6462 M.winkleri  CB-06-394 6160 116,970 Malaysia, Borneo, Sabah, Ranau to KK roadside 03.09.06 CBaier
6461 M.winkleri  CB-06-393 6160 116,970 Malaysia, Borneo, Sabah, Ranau to KK, 44 km to Tuaran roadside 03.09.06  CBaier
6468 M. winkleri  CB-06-400 6180 116,610 Malaysia, Borneo, Sabah, Ranau to KK roadside 03.09.06  CBaier
6460 M.winkleri  CB-06-401 6180 116,610 Malaysia, Borneo, Sabah, Ranau to KK roadside 03.09.06 CBaier
6414 M.winkleri  CB-06-346 6190 116,860 Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 roadside 02.09.06  CBaier
6410 M.winkleri  CB-06-342 6190 116.860 Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 roadside 02.09.06  CBaier
6412 M.winkleri  CB-06-344 6190 116.860 Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 roadside 02.09.06  CBaier
6416 M.winkleri  CB-06-348 6190 116,860 Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 roadside 02.09.06  CBaier
6411 M.winkleri  CB-06-343 6190 116,860 Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 roadside 02.09.06  CBaier
6415 M.winkleri  CB-06-347 6190 116,860 Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 roadside 02.09.06  CBaier
5766 M.winkleri  BF142/068 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
5780 M.winkleri  170/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06 BFiala
5767 M.winkleri  Bi144/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
5771 M.winkleri  BF153/06 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06 BFiala
5778 M.winkleri  168/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.06.09  BFiala
5772 M.winkleri  BF156/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
5779 M.winkleri  169/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06 BFiala
5777 M.winkleri  164/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.06.09  BFiala
6022 M.winkleri  BF444/06 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06 BFiala
6020 M.winkleri  BF442/06 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
6021 M.winkleri  BF443/06 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
6025 M.winkleri  BF447/06 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06 BFiala
5770 M.winkleri  BF148/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
5788 M.winkleri  BF185/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
5774 M.winkleri  BF159/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
5781 M.winkleri  BF172/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 02.09.06  BFiala
5775 M.winkleri  BF161/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside 020609 BFiala
5765 M.winkleri  BF139/06b 6330 116.720 Malaysia, Sabah, road KK-Ranau, ca km 60 roadside, 02.09.06  BFiala
6426 M.winkleri  CB-06-358 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6420 M.winkleri  CB-06-361 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6430 M.winkleri  CB-06-362 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6427 M.winkleri  CB-06-359 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6424 M.winkleri  CB-06-356 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6432 M.winkleri  CB-06-364 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6422 M.winkleri  CB-06-354 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6428 M.winkleri  CB-06-360 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
6431 M.winkleri  CB-06-363 6330 116.720 Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau roadside 02.09.06  CBaier
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6423 M. winkleri  CB-06-355 6330 116,720 Malaysia, Borneo, Sabah, from KK (o Ranau, stop 6, 55 km to Ranau Toadside 0209.06 CBaier
6405 M.winkleri  CB-06-337 6.400 116,580 Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob roadside, edge of small banana plantage 02.09.06  CBaier
6407 M.winkleri  CB-06-339 6.400 116,580 Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob roadside, edge of small banana plantage 02.09.06  CBaier
6408 M.winkleri  CB-06-340 6.400 116,580 Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob roadside, edge of small banana plantage 02.09.06  CBaier
6406 M.winkleri  CB-06-338 6.400 116,580 Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob roadside, edge of small banana plantage 02.09.06  CBaier
6404 M.winkleri  CB-06-336 6.400 116.580 Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob roadside, edge of small banana plantage 02.09.06  CBaier
6403 M.winkleri  CB-06-335 6.400 116,580 Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob roadside, edge of small banana plantage 02.09.06  CBaier
6420 M.winkleri  CB-06-352 6.400 116,830 Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 roadside 02.09.06  CBaier
6419 M.winkleri  CB-06-351 6.400 116,830 Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 roadside 02.09.06  CBaier
6421 M.winkleri  CB-06-353 6.400 116,830 Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 roadside 02.09.06  CBaier
6417 M.winkleri  CB-06-349 6.400 116,830 Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 roadside 02.09.06  CBaier
6409 M.winkleri  CB-06-341 6.400 116,580 Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob roadside, edge of small banana plantage 02.09.06  CBaier
2119 M.winkleri  DGO4_25 6.060 116,690 Malaysia, Borneo, Sabah, Poring, Langanan trail, ca km 1.6 primary forest 01.08.04  BFiala/DGuicking
510 M.winkleri  58/2001 6.060 116,690 Malaysia, Borneo, Sabah, Poring, Langanan trail primary forest 160401 BFiala
505 M.winkleri  53/2001 6050 116.700 Malaysia, Borneo, Sabah, Poring, canopy walkway behind path, canopy walkway 120401  BFiala
6044 M.winkleri  Bf467/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, walkway walkway 130806 BFiala
6047 M.winkleri  BF470/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, Langanan trail 17.0806  BFiala
6046 M.winkleri  BF469/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, Langanan trail 17.0806  BFiala
6053 M.winkleri  BF481/06 6070 116720 Malaysia, Borneo, Sabah, Poring, Langanan trail 17.0806  BFiala
6054 M.winkleri  BF482/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, Langanan trail 17.0806  BFiala
6045 M.winkleri  BF468/06 6070 116720 Malaysia, Borneo, Sabah, Poring, Langanan trail 17.0806 BFiala
5667 M.winkleri  BF 15/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, Langanan trail 130806 BFiala
5660 M.winkleri  Bi17/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, Langanan trail 130806 BFiala
5674 M.winkleri  BF22/06 6070 116720 Malaysia, Borneo, Sabah, Poring, Langanan trail 130806 BFiala
5665 M.winkleri  BF11/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, Langanan trail 130806  BFiala
5666 M.winkleri  BFL3/06D 6070 116720 Malaysia, Borneo, Sabah, Poring, Langanan trail 130806 BFiala
5660 M.winkleri  BFOS/06D 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 12,0806 BFiala
5662 M.winkleri  BFO7/06b 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 120806  BFiala
5658 M.winkleri  BFO3/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 12,0806 BFiala
5650 M.winkleri  BF04/06h 6070 116.720  Malaysia, Borneo, Sabah, Poring, logging road logging road 120806  BFiala
5657 M.winkleri  BF02/06b 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 120806  BFiala
5661 M.winkleri  BFO6/06D 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 12,0806 BFiala
6038 M.winkleri  BF461/06 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 120806  BFiala
2323 M.winkleri  DGO4_229 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road old logging road 12,0804  DGuicking
2351 M.winkleri  DGO4_257 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road old logging road 120804 BFiala
5663 M.winkleri  BFO8/06D 6070 116.720 Malaysia, Borneo, Sabah, Poring path to canopy walkway in primary forest 130806 BFiala
5664 M.winkleri  BF10/06 6070 116.720 Malaysia, Borneo, Sabah, Porin path to canopy walkway in primary forest 130806 BFiala
4744 M. winkleri 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4742 M.winkleri  HF56-58 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4743 M.winkleri  HF 655 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4749 M.winkleri  HF 6-66 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4754 M.winkleri  HF 673 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4751 M.winkleri  HF 6-63 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4753 M.winkleri  HF6-72 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4748 M.winkleri  HF 6-65 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4755 M.winkleri  HF6-71 6070 116.720  Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
475 M.winkleri  HF 6-59 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4750 M.winkleri  HF 6-61 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4747 M.winkleri  HF 6-67 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4745 M.winkleri  HF6-70 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4752 M.winkleri  HF 676 6070 116,720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4746 M.winkleri  HF 6-69 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
4757 M.winkleri  HF 6-60 6070 116.720 Malaysia, Borneo, Sabah, Poring, logging road logging road 310306  HFeldhaar
2337 M.winkleri  DGO4_243 6.060 116.730 Malaysia, Borneo, Sabah, Poring, logging road new logging road 120804  DGuicking
2581 M.winkleri  DGO4_487 5.680 116,940 Malaysia, Borneo, Sabah, Bukit Taviu, stop 7 forest trail 20,0804  DGuicking
2485 M.winkleri  DGO4_391 5600 116,980 Malaysia, Borneo, Sabah, Bukit Taviu, stop 1 roadside 20,0804 DGuicking
2478 M.winkleri  DGO4_384 5690 116,980 Malaysia, Borneo, Sabah, Bukit Taviu, stop 1 roadside 20,0804  DGuicking
112 M.winkleri  16/00 5330 117.330 Malaysia, Borneo, Sabah, Deramakot Forest Reserve roadside 10.04.00 BFiala
118 M. winkleri  22/00 5330 117.330 Malaysia, Borneo, Sabah, Deramakot Forest Reserve roadside 110400  BFiala
4043 M.winkleri  DG05-1319 5.866 117.967 Malaysia, Borneo, Sabah, Sepilok, trail o birdwatching tower primary forest 280805  DGuicking
4044 M.winkleri  DG05-1320 5.866 117.967 Malaysia, Borneo, Sabah, Sepilok, trail to birdwatching tower primary forest 280805  DGuicking
4048 M.winkleri  DG05-1324 5.866 117.967 Malaysia, Borneo, Sabah, Sepilok, waterhole primary forest 28.08.05  DGuicking
4049 M.winkleri  DG05-1325 5.866 117.967 Malaysia, Borneo, Sabah, Sepilok, waterhole primary forest 280805  DGuicking
2820 M.winkleri  DG05-105 5110 117.600 Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua logging road 30.07.05  DGuicking
2830 M.winkleri  DG05-106 5110 117.600 Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua logging road 30.07.05  DGuicking
2831 M.winkleri  DG05-107 5110 117.600 Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua logging road 30.07.05  DGuicking
2854 M.winkleri  DG05-130 5110 117.600 Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua logging road 30.07.05  DGuicking
2866 M.winkleri  DG05-142 5110 117.600 Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua logging road 30.07.05  DGuicking
2867 M.winkleri  DG05-143 5110 117.600 Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua logging road 30.07.05  DGuicking
3545 M.winkleri  DGO5-821 5100 117.650 Malaysia, Borneo, Sabah, Danum Valley, Maluia, new logging road logging road 17.0805 DGuicking
3663 M.winkleri  DG05-939 5100 117.650 Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road logging road 17.0805  DGuicking
3664 M.winkleri  DG05-940 5100 117.650 Malaysia, Borneo, Sabah, Danum Valley, Maluia, new logging road logging road 17.0805 DGuicking
3740 M.winkleri  DG05-1016 5100 117.650 Malaysia, Borneo, Sabah, Danum Valley, Maluia, new logging road logging road 17.0805  DGuicking
3661 M.winkleri  DG05-937 5100 117.650 Malaysia, Borneo, Sabah, Danum Valley, Maluia, new logging road logging road 17.0805  DGuicking
3662 M.winkleri  DG05-938 5100 117.650 Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road logging road 17.0805 DGuicking
3222 M.winkleri  DG05-498 5.060 117.740  Malaysia, Borneo, Sabah, Danum Valey, road to Malua roadside 07.0805  DGuicking
3253 M.winkleri  DG05-529 5.050 117.760  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.0805  DGuicking
3415 M.winkleri  DGO5-691 5.000 117.650 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 10,0805  DGuicking
3414 M.winkleri  DG05-690 5.000 117.650 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 10,0805  DGuicking
6155 M.winkleri  CB-06-87 5070 117.720  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 15.08.06  CBaier
6157 M.winkleri  CB-06-89 5070 117.720 Malaysia, Borneo, Sabah, Danum Valey, road to Malua roadside 150806 CBaier
6158 M.winkleri  CB-06-90 5070 117.720  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 15.08.06  CBaier
6156 M.winkleri  CB-06-88 5070 117.720  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 15.08.06  CBaier
6160 M.winkleri  CB-06-92 5070 117.720 Malaysia, Borneo, Sabah, Danum Valey, road to Malua roadside 150806 CBaier GAT-6388
6150 M.winkleri  CB-06-91 5070 117.720  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 15.08.06  CBaier
3815 M.winkleri  DG05-1091 5070 117.730  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 17.0805  DGuicking
3816 M.winkleri  DG05-1092 5070 117.730  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 17.0805  DGuicking
3221 M.winkleri  DG05-497 5.060 117.740  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.08.05  DGuicking
3330 M.winkleri  DG05-606 5.060 117.750 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.0805  DGuicking
3331 M.winkleri  DG05-607 5.060 117.750 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.08.05  DGuicking
3332 M.winkleri  DG05-608 5.060 117.750 Malaysia, Borneo, Sabah, Danum Valey, road to Malua roadside 07.0805  DGuicking KAS
3333 M.winkleri  DG05-609 5.060 117.750 Malaysia, Borneo, Sabah, Danum Valey, road to Malua roadside 07.0805  DGuicking
3334 M.winkleri  DG05-610 5.060 117.750 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.08.05  DGuicking KAS
3320 M.winkleri  DGO5-605 5.060 117.750 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.0805  DGuicking
3254 M.winkleri  DG05-530 5.050 117.760  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.08.05  DGuicking
3292 M.winkleri  DG05-568 5.050 117.760  Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.0805  DGuicking
3293 M.winkleri  DGO5-569 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.0805  DGuicking
3294 M.winkleri  DG05-570 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 07.0805  DGuicking
3878 M.winkleri  DG05-1154 5.000 117.800 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 17.0805  DGuicking
3882 M.winkleri  DGO5-1158 5.000 117.800 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 17.0805 DGuicking
3883 M.winkleri  DGO5-1159 5.000 117.800 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 17.0805  DGuicking
3936 M.winkleri  DG05-1212 5.000 117.800 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 17.0805 BFiala
3937 M.winkleri  DGO5-1213 5.000 117.800 Malaysia, Borneo, Sabah, Danum Valley, road to Malua roadside 17.0805  BFiala
6154 M.winkleri  CB-06-86 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 150806 CBaier
6153 M.winkleri  CB-06-85 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 150806 CBaier
6147 M.winkleri  CB-06-79 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06  CBaier GAT-6398
6141 M.winkleri  CB-06-402 5.050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 150806 CBaier
6146 M.winkleri  CB-06-78 5050 117.760 Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL roadside 15.08.06  CBaier
4732 M.winkleri  Bi06/238 4950 117.810 Malaysia, Borneo, Sabah, Danum Valey, junction to BRL roadside 200306  BFiala
4733 M.winkleri  Bf06/239 4.950 117.810 Malaysia, Borneo, Sabah, Danum Valley, junction to BRL roadside 200306 BFiala
4734 M.winkleri  Bi06/240 4950 117.810 Malaysia, Borneo, Sabah, Danum Valey, junction to BRL roadside 200306  BFiala
4735 M.winkleri  Bf06/241 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, junction to BRL roadside 200306 BFiala
4736 M.winkleri  Bi06/242 4950 117.810 Malaysia, Borneo, Sabah, Danum Valey, junction to BRL roadside 200306  BFiala
4737 M.winkleri  Bi06/243 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, junction to BRL roadside 200306  BFiala
3857 M.winkleri  DG05-1133 5.020 117.750 Malaysia, Borneo, Sabah, Danum Valley, BRL roadside 17.0805  DGuicking
3860 M.winkleri  DGO5-1136 5.020 117.750 Malaysia, Borneo, Sabah, Danum Valley, BRL roadside 17.0805 DGuicking
3861 M.winkleri  DG05-1137 5.020 117.750 Malaysia, Borneo, Sabah, Danum Valley, BRL roadside 17.0805  DGuicking
3078 M.winkleri  DG05-354 5.040 118.040 Malaysia, Borneo, Sabah, Danum Valley, Main Line North roadside 03.0805  DGuicking
4642 M.winkleri  Bf06/163 5010 118,070 Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun trail sapling 180306 BFiala
3443 M.winkleri  DG05-719 5010 118,070 Malaysia, Borneo, Sabah, Danum Valey, Sg. Kalisun trail secondary forest 11,0805  DGuicking
4988 M.winkleri  DGO6_081 5010 118,070 Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun secondary forest 24,0806 DGuicking
4987 M.winkleri  DGO6_080 5010 118,070 Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun secondary forest 24,0806  DGuicking
4989 M.winkleri  DGO6_082 5010 118.070 Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun secondary forest 24,0806 DGuicking
4726 M.winkleri  BF06/232 5010 118,070 Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun trail secondary forest, uninhabited plant 230306  BFiala
4807 M.winkleri  MT06=k182 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kalisun 00.01.00 MTirke
3462 M.winkleri  DG05-738 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Sg. Purut trail primary forest 140809  DGuicking
2233 M.winkleri  DGO4_139 4980 117.800 Malaysia, Borneo, Sabah, Danum Valley, Westambling trail, waterfall primary forest 06.08.04  BFiala/DGuicking
5083 M.winkleri  DGO6_176 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W13,1N5 primary forest 26,0806  DGuicking
5082 M.winkleri  DGO6_175 4980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W15N3 primary forest 26.08.06  DGuicking
4550 M.winkleri  Bf06/80 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W15 NL.5 primary forest, uninhabited plant 130306 BFiala
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Collection
Plant ID Field Date Herbarium
Number_Species number Latitude Longitude _Location Habitat / Ecology (dd.mm.yy) Collector (Number)
2551 M. winkleri BFOG/81 2980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W15 N15 primary forest, uninhabited plant 130306 BFiala
4544 M. winkleri BFO6/75 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W15 N1.5 primary forest, uninhabited plant 130306 BFiala
4555 M. winkleri BF06/84 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W15 N1.5 primary forest 130306 BFiala
3478 M. winkleri DG05-754 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid NIW 15 primary forest 150805  DGuicking
3479 M. winkleri DGO5-755 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid NIW 15 primary forest 150805  DGuicking
4662 M. winkleri BF06/179 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest 00.01.00  BFiala
4668 M. winkleri BF06/185 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.03.06 BFiala
4669 M. winkleri BF06/186 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.0306 BFiala
4664 M. winkleri BFO6/181 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.0306  BFiala
4667 M. winkleri BF06/184 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.03.06 BFiala
4671 M. winkleri BF06/188 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.0306  BFiala
4672 M. winkleri BF06/189 4950 117.810  Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.03.06  BFiala
4661 M. winkleri BF06/179 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.03.06 BFiala
4663 M. winkleri BF06/180 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.0306 BFiala
4666 M. winkleri BF06/183 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.03.06  BFiala
4670 M. winkleri BF06/187 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W12 primary forest, sapling 19.03.06 BFiala
4688 M. winkleri BF06/205 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W11 primary forest, tree 19.03.06  BFiala
5202 M. winkleri DG06_295 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W11 primary forest 310806 DGuicking
5201 M. winkleri DG06_294 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W11 primary forest 31.08.06 DGuicking
4693 M. winkleri BF06/207 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W11 primary forest, tree 19.03.06 BFiala
4473 M. winkleri BF06/09 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W10 N3 primary forest, sapling 09.0306 BFiala
5043 M. winkleri DG06_136 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.25 primary forest 250806  DGuicking
5059 M. winkleri DG06_152 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5063 M. winkleri DG06_156 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5048 M. winkleri DG06_141 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5050 M. winkleri DG06_143 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5055 M. winkleri DG06_148 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5071 M. winkleri DG06_164 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5061 M. winkleri DG06_154 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5060 M. winkleri DG06_153 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5072 M. winkleri DG06_165 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5056 M. winkleri DG06_149 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5062 M. winkleri DG06_155 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5075 M. winkleri DG06_168 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5051 M. winkleri DG06_144 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5064 M. winkleri DG06_157 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5054 M. winkleri DG06_147 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5068 M. winkleri DG06_161 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5057 M. winkleri DG06_150 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5069 M. winkleri DG06_162 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5070 M. winkleri DG06_163 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5073 M. winkleri DG06_166 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5045 M. winkleri DG06_138 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5046 M. winkleri DG06_139 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5067 M. winkleri DG06_160 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5049 M. winkleri DG06_142 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5078 M. winkleri DG06_171 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5077 M. winkleri DG06_170 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5076 M. winkleri DG06_169 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5080 M. winkleri DG06_173 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5079 M. winkleri DG06_172 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5066 M. winkleri DG06_159 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5058 M. winkleri DG06_151 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5065 M. winkleri DG06_158 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5081 M. winkleri DG06_174 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5044 M. winkleri DG06_137 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5047 M. winkleri DG06_140 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5053 M. winkleri DG06_146 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5052 M. winkleri DG06_145 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 primary forest 250806  DGuicking
5086 M. winkleri DG06_179 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.10 primary forest 26.08.06  DGuicking
5084 M. winkleri DG06_177 4.980 117.800  Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S3.6 primary forest 260806 DGuicking
4728 M. winkleri Bf06/234 5.100 117.650 Malaysia, Borneo, Sabah, Danum Valley, upper rhino ridge trail, R51 primary forest, gap 250306  BFiala
4729 M. winkleri BF06/235 5.100 117.650 Malaysia, Borneo, Sabah, Danum Valley, upper rhino ridge trail, R51 primary forest, gap 250306 BFiala
4727 M. winkleri B106/233 5.100 117.650 Malaysia, Borneo, Sabah, Danum Valley, Rhino ridge trail, R13-R14 primary forest, gap 240306  BFiala
5085 M. winkleri DG06_178 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W8S5 primary forest 260806 DGuicking
2137 M. winkleri DG04_43 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, main trail W8 primary forest 03.08.04  BFiala/DGuicking
4981 M. winkleri DG06_074 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 primary forest 220806  DGuicking
4979 M. winkleri DG06_072 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 primary forest 220806  DGuicking
4982 M. winkleri DG06_075 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 primary forest 220806  DGuicking
4980 M. winkleri DG06_073 4950 117.810  Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 primary forest 220806  DGuicking
4978 M. winkleri DG06_071 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, before R1 primary forest 220806 DGuicking
4984 M. winkleri DG06_077 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 primary forest 220806 DGuicking
5037 M. winkleri DG06_130 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5036 M. winkleri DG06_129 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5040 M. winkleri DG06_133 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5023 M. winkleri DG06_116 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5030 M. winkleri DG06_123 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5033 M. winkleri DG06_126 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5031 M. winkleri DG06_124 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5027 M. winkleri DG06_120 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5028 M. winkleri DG06_121 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5039 M. winkleri DG06_132 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5034 M. winkleri DG06_127 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5029 M. winkleri DG06_122 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5035 M. winkleri DG06_128 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5032 M. winkleri DG06_125 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5024 M. winkleri DG06_117 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5025 M. winkleri DG06_118 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5026 M. winkleri DG06_119 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5041 M. winkleri DG06_134 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
5042 M. winkleri DG06_135 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 primary forest 250806  DGuicking
3466 M. winkleri DG05-742 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W7.5 primary forest 150805 DGuicking
3467 M. winkleri DG05-743 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W7.5 primary forest 150805 DGuicking
3468 M. winkleri DGO5-744 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W7.5 primary forest 150805 DGuicking
5022 M. winkleri DG06_115 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W5.8 primary forest 250806  DGuicking
5013 M. winkleri DG06_106 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W5N5.3 primary forest 240806 CFeyWagner
5015 M. winkleri DG06_108 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W5N5.3 primary forest 240806 CFeyWagner
5016 M. winkleri DG06_109 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W5N5.3 primary forest 240806 CFeyWagner
5014 M. winkleri DG06_107 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W5SN5.3 primary forest 240806 CFeyWagner
5021 M. winkleri DG06_114 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, near W5 primary forest 250806  DGuicking
3998 M. winkleri DG05-1274 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid W5S5.3 primary forest 220805 DGuicking
6140 M.winkleri  CB-06-73 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, West grid, Plot 4 primary forest 140806 CBaier
6163 M.winkleri  CB-06-95 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 primary forest 16.08.06 CBaier
6169 M.winkleri  CB-06-101 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 primary forest 160806 CBaier
6171 M.winkleri  CB-06-103 4980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 primary forest 160806 CBaier GAT-6390
6168 M.winkleri  CB-06-100 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 primary forest 16.08.06 CBaier
6170 M.winkleri  CB-06-102 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 primary forest 16.08.06 CBaier
6164 M.winkleri  CB-06-96 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 primary forest 16.08.06 CBaier
6167 M.winkleri  CB-06-99 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 primary forest 160806 CBaier
6172 M.winkleri  CB-06-104 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W3.5N5 primary forest 160806 CBaier
6173 M.winkleri  CB-06-105 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W3.5N5 primary forest 16.08.06 CBaier
6162 M.winkleri  CB-06-94 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W3.5N5 primary forest 160806 CBaier
6165 M.winkleri  CB-06-97 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W2.5 primary forest 16.08.06 CBaier
6166 M.winkleri  CB-06-98 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W2.5 primary forest 16.08.06 CBaier
5198 M.winkleri  DG06_291 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W2 primary forest 310806 DGuicking
5200 M.winkleri  DG06_293 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W2 primary forest 310806 DGuicking
5199 M.winkleri ~ DG06_292 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, W2 primary forest 310806 DGuicking
4959 M.winkleri  DG06_052 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 primary forest 200806  DGuicking
4961 M.winkleri  DG06_054 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 primary forest 200806  DGuicking
4958 M.winkleri  DGO6_051 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 primary forest 200806  DGuicking
4957 M.winkleri  DG06_050 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 primary forest 200806  DGuicking
4960 M.winkleri  DG06_053 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 primary forest 200806  DGuicking
4956 M.winkleri  DG06_049 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 primary forest 200806  DGuicking
4533 M.winkleri  BFO6/66 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 big gap uninhabited seediing 120306 BFiala
4533p M. winkleri  BFO6/66b 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 big gap uninhabited seedling 120306 BFiala
4533 M.winkleri  BFOG/66e 4980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 big gap uninhabited seediing 120306  BFiala
45331 M.winkleri  BFOG/66 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 big gap uninhabited seediing 120306  BFiala
4533c  M.winkleri  BFO6/66¢ 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 big gap uninhabited seedling 120306 BFiala
4533 M.winkleri  BFOG/66a 4980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 big gap uninhabited seediing 120306 BFiala
5009 M.winkleri  DG06_102 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 primary forest 240806 CFeyWagner
5008 M.winkleri  DG06_101 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 primary forest 240806 CFeyWagner
5007 M.winkleri  DG06_100 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 primary forest 240806 CFeyWagner
5010 M.winkleri  DG06_103 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 primary forest 240806 CFeyWagner
5011 M.winkleri  DGO6_104 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 primary forest 240806 CFeyWagner
M.

winkleri Bi06/64 4.980 117.800 Malaysia, Boneo, Sabah, Danum Valley, west grid WO N5 after N10 sapling uninhabited 120306 BFiala
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Collection
Plant ID Field Date Herbarium
Number_Species number _Latitide _Longitude _Location Habitat / Ecology (dd.mm.yy) Collector (Number)
4656 M.winkleri  Bi06/174 2950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Elephant Ridge trail E15 Tiver vegetation, sapling uninhabited 190306 BFiala
4655 M.winkleri  BFO6/173 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, Elephant Ridge trail, sapling, uninhabited 190306  BFiala
3950 M.winkleri  DGO5-1235 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Sg. Segama, Elephant Ridge trail primary forest 190805 DGuicking
4507 M.winkleri  BFO6/40 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, east grid E14-15 primary forest, uninhabited plant 100306  BFiala
3203 M.winkleri  DG05-479 4.980 117.870 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu roadside 06.08.05  DGuicking
3011 M.winkleri  DG05-287 4970 117.940 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu abandoned logging road 03.08.05  DGuicking
3039 M.winkleri  DG05-315 4970 117.940 Malaysia, Borneo, Sabah, Danum Valey, road to Lahad Datu abandoned logging road 03.0805  DGuicking
3040 M.winkleri  DG05-316 4970 117.940 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu abandoned logging road 03.08.05  DGuicking
3041 M.winkleri  DG05-317 4970 117.940 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu abandoned logging road 03.08.05  DGuicking
3010 M.winkleri  DG05-286 4970 117.940 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu abandoned logging road 03.0805  DGuicking
3042 M.winkleri  DG05-318 4970 117.940 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu abandoned logging road 03.08.05  DGuicking
3013 M.winkleri  DG05-289 4970 117.940 Malaysia, Borneo, Sabah, Danum Valey, road to Lahad Datu abandoned logging road 03.0805  DGuicking
3038 M.winkleri  DG05-314 4970 117.940 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu abandoned logging road 03.08.05  DGuicking
2968 M.winkleri  DG05-244 4960 117.950 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu abandoned logging road 03.08.05  DGuicking
2987 M.winkleri  DG05-263 4.960 117.950 Malaysia, Borneo, Sabah, Danum Valey, road to Lahad Datu abandoned logging road 03.0805  DGuicking
3061 M.winkleri  DG05-337 5010 118.040 Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu roadside 03.08.05  DGuicking
2988 M.winkleri  DG05-264 4.960 117.950 Malaysia, Borneo, Sabah, Danum Valey, road to Lahad Datu abandoned logging road 03.0805  DGuicking
5224 M.winkleri  DGO6_317 4.990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5227 M.winkleri  DGO6_320 4990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06 DGuicking
5225 M.winkleri ~ DGO6_318 4.990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5226 M.winkleri  DGO6_319 4990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5228 M.winkleri  DGO6_321 4.990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5231 M.winkleri  DGO6_324 4.990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5230 M.winkleri  DGO6_323 4990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5223 M.winkleri  DGO6_316 4.990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
5220 M.winkleri  DGO6_322 4990 117.960 Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu very recent logging site/road 03.09.06  DGuicking
2185 M.winkleri  DGO4_91 4970 117.950 Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, 25 km to DVFC logged area 05.08.04  BFiala/DGuicking
2148 M.winkleri  DGO4_54 4970 117.950 Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, 6 km to DVFC roadside 050804  BFiala/DGuicking
2206 M.winkleri  DGO4_112 4970 117.940 Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, 23 km to DVFC roadside 050804  BFiala/DGuicking
3385 M.winkleri  DGO5-661 4970 117.820 Malaysia, Borneo, Sabah, Danum Valley, 1-2km to DVFC secondary forest 09.0805  DGuicking
3386 M.winkleri  DG05-662 4970 117.820 Malaysia, Borneo, Sabah, Danum Valley, 1-2km to DVFC secondary forest 09.08.05  DGuicking KAS
2224 M.winkleri  DGO4_130 4990 117.890 Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, junction to DVFC roadside 050804  BFiala/DGuicking
4616 M.winkleri  BFO6/139 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office gap, sapling 170306  BFiala
4618 M.winkleri  BFO6/141 4980 117.800 Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office gap, sapling 170306  BFiala
4617 M.winkleri  BFO6/140 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office gap, sapling 170306  BFiala
4620 M.winkleri  BF06/143 4.980 117.800 Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office gap, sapling 170306  BFiala
4615 M.winkleri  BF06/138 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office gap, sapling 17.0306  BFiala
4619 M.winkleri  BFO6/142 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office gap, sapling 170306  BFiala
6122 M.winkleri  CB-06-55 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806  CBaier
6123 M.winkleri  CB-06-56 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaler
6126 M.winkleri  CB-06-59 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaler
6125 M.winkleri  CB-06-58 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6127 M.winkleri  CB-06-60 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 13.08.06 CBaler
6124 M.winkleri  CB-06-57 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6136 M.winkleri  CB-06-69 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6133 M.winkleri  CB-06-66 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 13.08.06 CBaler
6120 M.winkleri  CB-06-62 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6134 M.winkleri  CB-06-67 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 13.08.06 CBaler
6135 M.winkleri  CB-06-68 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6132 M.winkleri  CB-06-65 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806  CBaier
6117 M.winkleri  CB-06-50 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 13.08.06 CBaler
6137 M.winkleri  CB-06-70 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6119 M.winkleri  CB-06-52 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaler
6130 M.winkleri  CB-06-72 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 13.08.06 CBaler
6120 M.winkleri  CB-0653 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6121 M.winkleri  CB-0654 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 13.08.06 CBaler
6130 M.winkleri  CB-06-63 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6128 M.winkleri  CB-06-61 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaler
6138 M.winkleri  CB-06-71 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaler
6131 M.winkleri  CB-06-64 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, riverside 130806 CBaier
6112 M.winkleri  CB-06-45 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, plant growing on trunk in river 130806 CBaler
6114 M.winkleri  CB-06-47 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, plant growing on trunk in river 130806 CBaier
6113 M.winkleri  CB-06-46 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, plant growing on trunk in river 130806  CBaier
6116 M.winkleri  CB-06-49 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, plant growing on trunk in river 130806 CBaler
6115 M.winkleri  CB-06-48 4950 117.800 Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail primary forest, plant growing on trunk in river 130806 CBaier
3106 M.winkleri  DG05-382 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail primary forest 04.0805  DGuicking
4593 M.winkleri  BFO6/118 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail primary forest 160306  BFiala
4597 M.winkleri  Bi06/122 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest 160306  BFiala
4602 M.winkleri  Bf06/127 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest, uninhabited small saplings 160306  BFiala
4600 M.winkleri  Bi06/125 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest, uninhabited small saplings 160306  BFiala
4599 M.winkleri  Bf06/124 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest, uninhabited small saplings 160306  BFiala
4601 M.winkleri  Bf06/126 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest, uninhabited small saplings 160306  BFiala
4598 M.winkleri  Bi06/123 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest, uninhabited small saplings 160306  BFiala
4595 M.winkleri  Bf06/120 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest 160306  BFiala
459 M.winkleri  BFO6/121 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest 160306  BFiala
4612 M.winkleri  Bi06/136 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall primary forest 160306  BFiala
4486 M.winkleri  BFO6/22 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chris plot 5 primary forest 100306  BFiala
4495 M.winkleri  BFOG6/31 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chris plot 5 primary forest 100306  BFiala
4487 M.winkleri  BF06/23 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chris plot 5 primary forest 100306  BFiala
4594 M.winkleri  BFO6/119 4950 117.810 Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chrisplot 6 primary forest 160306  BFiala
4286 M.winkleri  BF 42 5310 118.840 Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail good secondary forest 250805 BFiala
4290 M.winkleri  BF 44 5310 118.840 Malaysia, Borneo, Sabah, Tabin Wildiife Reserve, Lipad trail, gap good secondary forest 250805 BFiala
4291 M.winkleri  BF 45 5310 118.840 Malaysia, Borneo, Sabah, Tabin Wildiife Reserve, Lipad trail, gap good secondary forest 250805  BFiala
2051 M.winkleri  BF 091-03 4630 117.380 Malaysia, Borneo, Sabah, Luason 03.09.03 BFiala
5093 M.winkleri  DGO6_186 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area picnic area 280806  DGuicking
5094 M.winkleri  DGO6_187 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area picnic area 28.08.06  DGuicking
5096 M.winkleri  DGO6_189 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area picnic area 280806  DGuicking
5095 M.winkleri  DGO6_188 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area picnic area 28.08.06  DGuicking
5150 M.winkleri  DGO6_252 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs water catchment reserve 29.0806  DGuicking
5175 M.winkleri  DGO6_268 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs water catchment reserve 29.0806  DGuicking
5194 M.winkleri ~ DGO6_287 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs water catchment reserve 29.0806  DGuicking
5196 M.winkleri  DGO6_289 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs water catchment reserve 29.0806 DGuicking
5181 M.winkleri ~ DGO6_274 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs water catchment reserve 29.08.06  DGuicking
5195 M.winkleri  DGO6_288 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs water catchment reserve 29.0806  DGuicking
5186 M.winkleri  DGO6_279 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas water catchment reserve 29.0806  DGuicking
5185 M.winkleri  DGO6_278 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas water catchment reserve 29.0806  DGuicking
5187 M.winkleri  DGO6_280 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas water catchment reserve 29.0806  DGuicking
5184 M.winkleri  DGO6_277 4.400 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas water catchment reserve 29.08.06  DGuicking
5140 M.winkleri  DGO6_233 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5142 M.winkleri  DGO6_235 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5143 M.winkleri  DGO6_236 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5130 M.winkleri  DGO6_232 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5141 M.winkleri  DGO6_234 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
5144 M.winkleri  DGO6_237 4390 117.890 Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil paim plantation edge of oil palm plantation and secondary forest 29.0806  DGuicking
1964 M.winkleri  HF-02-038 4330 118.000 Malaysia, Borneo, Sabah, Tawau Hills, Bukit Tawau 08.10.02  HFeldhaar
479 M.winkleri  27/2001 4330 118000 Malaysia, Borneo, Sabah, Tawau Hills secondary forest 07.0401  BFiala
1986 M.winkleri 036 4330 118.000 Malaysia, Borneo, Sabah, Tawau Hills 08.10.02  HFeldhaar
1985 M.winkleri 037 4330 118000 Malaysia, Borneo, Sabah, Tawau Hills 08.10.02  HFeldhaar
396 M. winkleriella 55 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, Meliau Gorge gorge 21.09.00  BFiala wB
397 M. winkleriella 56 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, trail 21.09.00 BFiala
398 M. winkleriella 57 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, trail 21.09.00  BFiala
399 M. winkleriella 58 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, trail 21.09.00 BFiala
400 M. winkleriella 2 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, trail 20.09.00 BFiala
401 M. winkleriella 3 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, trail 20.09.00  BFiala
403 M. winkleriella 5 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, trail 20.09.00 BFiala
523 M. winkleriella 4030 114,800 Malaysia, Borneo, Sarawak, Mulu National Park 190900  BFiala
6984 M. winkleriella Bf07/119 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, Meliau Gorge gorge 05.09.07  BFiala
6985 M. winkleriella Bf07/120 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, Meliau Gorge gorge 05.09.07 BFiala
6986 M. winkleriella Bf07/121 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park, Clearwatercave, Meliau Gorge gorge 05.09.07  BFiala
7137 M. winkleriella 4030 114.800 Malaysia, Borneo, Sarawak, Mulu National Park 01.05.07 _DMezger

K.L= Kuala Lumpur

Kg. = kampung = village

BSB = Bandar Seri Begawan
DV= Danum Vall

BRL= Borneo Rainforest Lodge
KK = Kota Kinabalu

Sg. = Sungai = river

GAT= Gatersleben
KAS= Kassel
WB= WBrzburg
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Appendix D  Macaranga winklerindividuals and outgroups included in the TCS bbyle
network calculation, with corresponding haplotydd$,groups, origin and collector.

Plant ID HT Population
Number HT * Groups ' Circles > Species Collector Location
5139 1 1 la M. winkleri DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 'Golden Hope', trail to Bt. Bombalai
5140 1 1 la M. winkleri DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation ‘Golden Hope', trail to Bt. Bombalai
5142 1 1 la M. winkleri DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation ‘Golden Hope', trail to Bt. Bombalai
5159 1 1 1b M. winkleri DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 to 2.6 km
5194 1 1 1b M. winkleri DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 to 2.6 km
2051 1 1 1c M. winkleri BFiala Malaysia, Borneo, Sabah, Luasong
2478 1 1 1d M. winkleri DGuicking Malaysia, Borneo, Sabah, Bukit Taviu, stop 1
2485 1 1 1d M. winkleri DGuicking Malaysia, Borneo, Sabah, Bukit Taviu, stop 1
2581 1 1 1d M. winkleri DGuicking Malaysia, Borneo, Sabah, Bukit Taviu, stop 7
3857 1 1 1le M. winkleri DGuicking Malaysia, Borneo, Sabah, Danum Valley, Borneo rainforest lodge
3860 1 1 1le M. winkleri DGuicking Malaysia, Borneo, Sabah, Danum Valley, Borneo rainforest lodge
4286 1 1 1f M. winkleri BFiala Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail
4291 1 1 1f M. winkleri BFiala Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail, gap
5665 1 1 19 M. winkleri BFiala Malaysia, Borneo, Sabah, Poring, Langanan
5667 1 1 1g M. winkleri BFiala Malaysia, Borneo, Sabah, Poring, Langanan
5669 1 1 19 M. winkleri BFiala Malaysia, Borneo, Sabah, Poring, Langanan
5196 2 1 1b M. winkleri DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 to 2.6 km
6146 3 2 2a M. winkleri CBaier Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge
6154 3 2 2a M. winkleri CBaier Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge
6153 3 2 2a M. winkleri CBaier Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge
4733 3 2 2b M. winkleri BFiala Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge
4734 3 2 2b M. winkleri BFiala Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge
4736 3 2 2b M. winkleri BFiala Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge
6112 3 2 2c M. winkleri CBaier Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail
6129 3 2 2c M. winkleri CBaier Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail
6130 3 2 2c M. winkleri CBaier Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail
4290 3 2 2d M. winkleri BFiala Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail, gap
5058 3 2 2e M. winkleri DGuicking Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5
5065 3 2 2e M. winkleri DGuicking Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5
5066 3 2 2e M. winkleri DGuicking Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5
4615 4 2 2f M. winkleri BFiala Malaysia, Borneo, Sabah, Danum Valley, DVFC, big gap close to office, trail into forest
6407 5 3 3a M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, Jalan Hulan, near Kunung Manangkob, stop 3
6408 5 3 3a M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, Jalan Hulan, near Kunung Manangkob, stop 3
6412 5 3 3b M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 4
6414 5 3 3b M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 4
6420 5 3 3c M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 5
6421 5 3 3c M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 5
6424 5 3 3d M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 6, 55 km to Ranau
6427 5 3 3d M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 6, 55 km to Ranau
6462 5 3 3e M. winkleri CBaier Malaysia, Borneo, Sabah, Ranau to Kota Kinabalu
6417 5 3 3c M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 5
6403 5 3 3a M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, Jalan Hulan, near Kunung Manangkob, stop 3
6468 5 3 3e M. winkleri CBaier Malaysia, Borneo, Sabah, Ranau to Kota Kinabalu
6469 6 3 3e M. winkleri CBaier Malaysia, Borneo, Sabah, Ranau to Kota Kinabalu
6426 7 3 3d M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 6, 55 km to Ranau
6411 8 3 3b M. winkleri CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 4
4396 9 4 4 M. winkleri BFiala Borneo, Brunei, Temburong, Kuala Belalong
5 10 5 5a M. winkleri UMaschwitz ~ Borneo, Brunei, Temburong, Belalong

5828 10 5 5b M. winkleri BFiala Borneo, Brunei,Temburong, Bukit Patoi
6873 10 5 5¢ M. winkleri BFiala Borneo, Brunei, Belait, Wong Kadi waterfall
6897 10 5 5b M. winkleri BFiala Borneo, Brunei, Temburong, Bukit Patoi
6898 10 5 5b M. winkleri BFiala Borneo, Brunei, Temburong, Bukit Patoi
5723 11 5 5a M. winkleri BFiala Borneo, Brunei, Temburong, Belalong
5700 11 5 5a M. winkleri BFiala Borneo, Brunei, Temburong, Belalong
6895 12 5 5b M. winkleri BFiala Borneo, Brunei, Temburong, Bukit Patoi
5829 13 5 5b M. winkleri BFiala Borneo, Brunei, Temburong, Bukit Patoi
5810 14 5 5a M. winkleri BFiala Borneo, Brunei, Temburong, Belalong
4391 15 5 5c M. winkleri BFiala Borneo, Brunei, Temburong, Kuala Belalong
5763 16 5 5b M. winkleri BFiala Borneo, Brunei, Temburong, Bukit Patoi
5855 17 5 5b M. winkleri BFiala Borneo, Brunei,Temburong, Bukit Patoi
7060 18 6 6 M. winkleri BFiala Malaysia, Borneo, Sarawak, Puni
6656 19 7 7a M. winkleri CBaier Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu
6658 19 7 7a M. winkleri CBaier Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu
6561 20 7 7b M. winkleri CBaier Malaysia, Borneo, Sarawak, Lambir National Park
6562 20 7 7b M. winkleri CBaier Malaysia, Borneo, Sarawak, Lambir National Park
6657 21 7 7c M. winkleri CBaier Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu
6659 22 7 7c M. winkleri CBaier Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu
6061 23 8 8a M. winkleri BFiala Borneo, Brunei, Belait, Labi

244 23 8 8a M. winkleri UMoog Borneo, Brunei, Belait, Labi road (southern part of the road)
5803 23 8 8b M. winkleri BFiala Borneo, Brunei, Belait, Tereja
5962 23 8 8b M. winkleri BFiala Borneo, Brunei, Belait, Tereja
5970 23 8 8b M. winkleri BFiala Borneo, Brunei, Belait, Tereja
5974 23 8 8b M. winkleri BFiala Borneo, Brunei, Belait, Tereja
6874 23 8 8c M. winkleri BFiala Borneo, Brunei, Belait, Wong Kadi waterfall
6962 23 8 8c M. winkleri BFiala Borneo, Brunei, Belait, Wong Kadi waterfall
6963 23 8 8c M. winkleri BFiala Borneo, Brunei, Belait, Wong Kadi waterfall
5983 24 8 8b M. winkleri BFiala Borneo, Brunei, Belait, Tereja
5918 25 8 8a M. winkleri BFiala Borneo, Brunei, Belait, Labi
6875 26 8 8c M. winkleri BFiala Borneo, Brunei, Belait, Wong Kadi waterfall
6678 27 9 9a M. winkleri CBaier Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu
6679 27 9 9a M. winkleri CBaier Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu
7078 27 9 9b M. winkleri CBaier Malaysia, Borneo, Sarawak, Pelagus Resort
7089 27 9 9b M. winkleri CBaier Malaysia, Borneo, Sarawak, Pelagus Resort
7126 27 9 9b M. winkleri CBaier Malaysia, Borneo, Sarawak, Pelagus Resort
6673 28 9 9a M. winkleri CBaier Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu
6713 29 10 10 M. winkleri CBaier Malaysia, Borneo, Sarawak, between Bukit Saban Resort and Betong
6566 30 11 11 M. winkleri CBaier Malaysia, Borneo, Sarawak, Lambir National Park

396 31 12 12a M. winkleriella  BFiala Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, Meliau Gorge

397 31 12 12a M. winkleriella  BFiala Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail

398 31 12 12a M. winkleriella ~ BFiala Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail

399 31 12 12a M. winkleriella  BFiala Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail

400 31 12 12a M. winkleriella ~ BFiala Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail

401 31 12 12a M. winkleriella ~ BFiala Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail

403 31 12 12a M. winkleriella  BFiala Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail

523 31 12 12b M. winkleriella  BFiala Malaysia, Borneo, Sarawak, Mulu
7137 31 12 12b M. winkleriella ~ BFiala Malaysia, Borneo, Sarawak, Mulu National Park
7138 31 12 12b M. winkleriella  BFiala Malaysia, Borneo, Sarawak, Mulu National Park
6984 32 12 12b M. winkleriella ~ BFiala Malaysia, Sarawak, Mulu
6985 32 12 12b M. winkleriella ~ BFiala Malaysia, Sarawak, Mulu
6986 32 12 12b M. winkleriella  BFiala Malaysia, Sarawak, Mulu

201 33 13 13 M. gigantea UMaschwitz ~ Malaysia, Selangor

Umaschwitz /
203 34 14 14 M. gigantea HHeckroth Malaysia, Selangor
UMoog /
202 35 15 15 M. pruinosa UMaschwitz  Malaysia, Selangor
205 36 16 16 M. diepenhorstii_UMoog Malaysia, Selangor

1. The HT corresponds to the numbering in Figure 2-5.
2. The matching number/letter combinations indicate that the individuals are grouped together in one population circle in figure 2-6.
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Appendix E  Sequence information of the microsatellite regiofis1. winkleriindividuals and
outgroups included in the TCS haplotype network.

Letter

Letter

Letter

Letter

Letter

Letter

Letter

Plant ID 1st SSRin for 2nd SSRin for 3rd SSRin for 4th SSRin for 5th SSR in for 1stSSRin for for
Number atpB-rbcL motif atpB-rbcL motif atpB-rbcL motif atpB-rbcL motif atpB-rbcL motif pL16 motif ccmp5F motif
5139 TTTTTTT - E TTTTTTTTT---- C TTTTTTTT- B TTTTTTTTTTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5140 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5142 TTTTTTIT E TTTTTTTT C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5159 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
5194 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
2051 TTTTTTITT E TITTTTTT [} TTTTTTTT- B TITTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
2478 TTTTTTIT E TTTTTTTITTTT- A TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- Cc
2485 TTTTTTIT E TTTTTTTITTTT- A TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- Cc
2581 TTTTTTIT E TTTTTTTITTTT- A TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- Cc
3857 TTITTTTITT E B TTTTTTTT- B TITTTTTTITTT- B AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
3860 TTTTTTITT E - B TTTTTTTT- B TITTTTTTITTT- B AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
4286 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
4291 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT A
5665 TTTTTTIT E TTTTTTTTTT-- B TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5667 TTTTTTIT E TTTTTTTTTT-- B TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5669 TTTTTTITT E TITTTTTITITT--- B TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
5196 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6146 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTT-- [}
6154 TTTTTTIT E TTTTTTTT Cc TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- Cc
6153 TTTTTTIT E TTTTTTTTT---- Cc TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- Cc
4733 TTTTTTIT E TTTTTTTTT---- Cc TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- Cc
4734 TTTTTTIT E TTTTTTTTT---- Cc TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- Cc
4736 TTITTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTT-- [}
6112 TTITTTTITT E TITTTTTT [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6129 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6130 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
4290 TTTTTTIT E TTTTTTTT C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5058 TTTTTTIT E TTTTTTTT C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5065 TTTTTTITT E TITTTTTT [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
5066 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
4615 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6407 TTTTTTIT E TTTTTTTT C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
6408 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
6412 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- C
6414 TTITTTTITT E TITTTTTT [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6420 TTTTTTITT E TITTTTTT [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTT-- [}
6421 TTITTTTITT E TITTTTTT [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTT-- [}
6424 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
6427 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
6462 TTTTTTIT E TTTTTTTT C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- C
6417 TTITTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTT-- [}
6403 TTITTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6468 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6469 TTTTTTITT E TITTTTTTT---- [} TTTTTTTT- B TITTTTTITTT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6426 TTTTTTIT E TTTTTTTT C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
6411 TTTTTTIT E TTTTTTTTT---- C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
4396 TTTTTTTIT----- E C TTTTTTTT- B TTTTTTITITT A AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B

5 TTTTTTTTTITT- B D TTTTTTTT- B TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
5828 TTTTTTTTTITT- B D TTTTTTTT- B TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6873 TTTTTTTTTITT- B D TTTTTTTT- B TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6897 TTTTTTTITTITT- B D TTTTTTTT- B TTTTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
6898 TTTTTTTITTITT- B D TTTTTTTT- B TTTTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
5723 TTTTTTTITTITT- B D TTTTTTTT- B TTTTTTTT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTT-- C
5700 TTTTTTTTTITT- B D TTTTTTTT- B TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6895 TTTTTTTTTITT- B TTTTTTTT D TTTTTTTT- B TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
5829 TTTTTTTTTITT- B TTTTTTTT D TTTTTTTT- B TITTTTITT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
5810 TTTTTTTITTITT- B TTTTTTTT D TTTTTTTT- B TTTTTTTT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
4391 TTTTTTTITTITT- B D TTTTTTTT- B TTTTTTTT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
5763 TTTTTTTITTITT- B D TTTTTTTT- B TTTTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
5855 TTTTTTTTTITT- B D TTTTTTTT- B TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
7060 TTTTTTTTTITT- B D TTTTTTTT- B TITTTTITT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
6656 TTTTTTTTTITT- B D TTTTTTTTT A TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
6658 TTTTTTTITTITT- B D TTITTTTITTT A TTTTTITTITT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
6561 TTTTTTTITTITT- B D TTITTTTITTT A TTTTTTTIT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
6562 TTTTTTTITTITT- B D TTITTTTITTT A TTTTTTTIT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
6657 TTTTTTTITTITT- B D TTITTTTITTT A TTTTTTTIT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT A
6659 TTTTTTTTTITT- B D TTTTTTTTT A TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
6061 TTTTTTTTTITT- B D TTTTTTTTT A TITTITTTITT-- [} AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B

244 TTTTTTTTTITT- B D TTTTTTTTT A TITTTTTTT--- D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
5803 TTTTTTTITTITT- B D TTITTTTITTT A TTTTITTITTIT-- C AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5962 TTTTTTTITTITT- B D TTITTTTITTT A TTTTITTITTIT-- C AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5970 TTTTTTTITTITT- B D TTITTTTITTT A TTTTITTITTIT-- C AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5974 TTTTTTTTTITT- B D TTTTTTTTT A TITTITTTITT-- [} AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6874 TTTTTTTTTITT- B D TTTTTTTTT A TITTITTTITT-- [} AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6962 TTTTTTTTTITT- B D TTTTTTTTT A TITTITTTITT-- [} AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6963 TTTTTTTITTITT- B D TTITTTTITTT A TTTTITTITTIT-- C AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5983 TTTTTTTITTITT- B D TTITTTTITTT A TTTTITTITTIT-- C AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT- B
5918 TTTTTTTITTITT- B D TTITTTTITTT A TTTTITTITTIT-- C AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTT- B
6875 TTTTTTTTTITT- B D TTTTTTTTT A TITTITTTITT-- [} AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTITTIT- B
6678  TTTTTTTTTT— C TTTTTTTT D TTITTTTTT B TITTTTTTT- D AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTIT-  C
6679 TTTTTTTTTT— C TTTTTTTT D TTITTTTTT B TITTTITTT- D AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTIT-  C
7078 TTTTTTTTTT- C TTTTTTTT D TTTTTTTT- B TTTTTTTIT D AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTTT- B
7089  TTTTTTTTTT— C D TTTTTTTT- B TTTTTTITT- D AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTIT- B
7126 TTTTTTTTITT— C D TTTTTTTT- B TTTTTTITT- D AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTIT- B
6673 TTTTTTTTTT-~ [} D TTTTTTTT- B TITTTTITT D AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTT-- [}
6713 TTTTTTTTTT-~ [} D TTTTTTTT- B TITTTTITT D AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTT-- [}
6566 TTTTTTTTTITT- B D TTTTTTTTT A TITTTTTT D AAAAAAAA A AAAAAA- B CTTTTTCTTTTTTTTTTIT A
396  TTTTTTTTT— D E TTITTTTTT B TITTTTGTT-  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTIT— D
397 TTTTTITTT— D D TTTTTTTT- B TITTTTGTT—  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTT— D
398 TTTTTTITT: D D TTTTTTTT- B TTTTTTGTT- E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTT- D
399 TTTTTTTTT— D D TTTTTTTT- B TITTTTGTT—  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTT— D
400 TTTTTTTIT— D D TTITTTTTT B TITTTTGTT  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTIT— D
401 TTTTTTTIT— D D TTITTTTTT B TITTTTGTT  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTIT— D
403 TTTTTTTIT— D D TTITTTTTT B TITTTTGTT  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTIT— D
523 TTTTTTITT: D D TTTTTTTT- B TTTTTTGTT- E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTT- D
7137 TTTTTITTIT— D D TTTTTTTT- B TITTTTGTT~  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTT— D
7138 TTTTTTTTT— D D TTTTTTTT- B TITTTTGTT~  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTT— D
6984 TTTTTTTTT: D D TTTTTTTT- B TITTTTGTT- E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTT: D
6985  TTTTTTTTT-— D D TTITTTTTT B TITTTTGTT-  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTIT— D
6986  TTTTTTTTT-— D D TTITTTTTT B TITTTTGTT-  E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTIT— D
201 TTTTTTTITITT A D TTTTTTTT- B TTTTTTTTT--- E AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTTTT-- C
203 TTTTTTTTTTT A TTTTTTT - D TTTTTTTT- TITTTTTTT--- AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
202 TTTTTTTTTTT A TTTTTTTT D TTTTTTTT- B TITTTTTTT--- [} AAAAAAA- B AAAAAA- B CTTTTTCTTTTTTTITTIT- B
205 TTTTTTTTTT-- C TTTTTTT E TTTTTTTT- B TTTTTTTTT--- C AAAAAAA- B AAAAAAA A CTTTTTCTTTTTTTTTIT A
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Appendix F Macaranga tanariusndividuals included in the TCS haplotype netwoakculation,
with corresponding haplotypes, population circlesations and collectors.

Plant ID Population
number HT ' circles > Species Collector Location

6367 2 1 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel
5864 4 2 M. tanarius  BFiala Malaysia, Sabah, 5 km to Kuala Penyu

227 5 3 M. tanarius  UMoog Indonesia, Sumatra, Jambi, road from Sungaipenuh to Bangko ca. 70 km to Bangko

216 7 4 M. tanarius ~ ASchwarzbach ~Australia

28 la 5 M. tanarius  UMaschwitz Borneo, Brunei, Bandar Seri Begawan

6927 la 5 M. tanarius  BFiala Borneo, Brunei, road BSB-S. Liang, km 64
6928 la 5 M. tanarius  BFiala Borneo, Brunei, road BSB-S. Liang, km 64
6929 la 5 M. tanarius  BFiala Borneo, Brunei, road BSB-S. Liang, km 64
6001 la 6 M. tanarius  BFiala Borneo, Brunei, Tutong
6002 la 6 M. tanarius  BFiala Borneo, Brunei, Tutong
5215 la 7 M. tanarius ~ DGuicking Malaysia, Borneo, Sabah, Danum Valley, logging site 2006, north of road to Lahad Datu
5217 la 7 M. tanarius  DGuicking Malaysia, Borneo, Sabah, Danum Valley, logging site 2006, north of road to Lahad Datu
5218 la 7 M. tanarius  DGuicking Malaysia, Borneo, Sabah, Danum Valley, logging site 2006, north of road to Lahad Datu
6144 la 8 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL
6145 la 8 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL
6149 la 8 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL
6396 la 9 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 1
6397 la 9 M. tanarius  CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 1
6398 la 9 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 1
6400 la 10 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 2
6351 la 11 M. tanarius  CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu towards Kota Belud
6352 la 11 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu towards Kota Belud
6353 la 11 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, from Kota Kinabalu towards Kota Belud
6387 la 12 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, direction Kudat
6388 la 12 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, direction Kudat
6389 la 12 M. tanarius  CBaier Malaysia, Borneo, Sabah, Kota Belud, direction Kudat
6360 la 13 M. tanarius  CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel
6361 la 13 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel
6362 la 13 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel
6363 la 13 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel
6364 la 13 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel
6366 la 13 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel
6325 la 14 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang
6326 la 14 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang
6327 la 14 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang
6328 la 14 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang
6329 la 14 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang
6330 la 14 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang
6265 la 15 M. tanarius  CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, periphery of KK
6266 la 15 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, periphery of KK
6267 la 15 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Kinabalu, periphery of KK
6292 la 16 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya
6293 la 16 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya
6294 la 16 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya
6436 la 17 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, outskirts of Ranau
6443 la 17 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, outskirts of Ranau
6450 la 17 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, outskirts of Ranau
6451 la 17 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, outskirts of Ranau
6257 la 18 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, periphery of Beaufort
6043 la 19 M. tanarius  BFiala Malaysia, Borneo, Sabah, Poring, Langanan
6026 la 19 M. tanarius ~ BFiala Malaysia, Borneo, Sabah, Poring, logging road
6033 la 19 M. tanarius ~ BFiala Malaysia, Borneo, Sabah, Poring, logging road
5239 la 20 M. tanarius  DGuicking Malaysia, Borneo, Sabah, Pulau Tiga Island
5240 la 20 M. tanarius  DGuicking Malaysia, Borneo, Sabah, Pulau Tiga Island
5241 la 20 M. tanarius  DGuicking Malaysia, Borneo, Sabah, Pulau Tiga Island
6356 la 21 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, South of Kota Belud
6357 la 21 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, South of Kota Belud
6359 la 21 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, South of Kota Belud
5127 la 22 M. tanarius ~ DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation
5128 la 22 M. tanarius  DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation
5129 la 22 M. tanarius  DGuicking Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation
6220 la 23 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa
6223 la 23 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa
6224 la 23 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa
6225 la 23 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa
6227 la 23 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa
6181 la 24 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera
6182 la 24 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera
6183 la 24 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera
6195 la 24 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan
6197 la 24 M. tanarius  CBaier Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan
6198 la 24 M. tanarius  CBaier Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan
6922 la 25 M. tanarius ~ BFiala Malaysia, Borneo, Sarawak Lawas
6923 la 25 M. tanarius ~ BFiala Malaysia, Borneo, Sarawak Lawas
6924 la 25 M. tanarius  BFiala Malaysia, Borneo, Sarawak Lawas
6925 la 25 M. tanarius  BFiala Malaysia, Borneo, Sarawak Lawas
6926 la 25 M. tanarius  BFiala Malaysia, Borneo, Sarawak Lawas
1531 1b 26 M. tanarius ~ FSlik Indonesia, Borneo, E-Kalimantan, Samboja
1532 1b 26 M. tanarius ~ FSlik Indonesia, Borneo, E-Kalimantan, Samboja
1533 1b 26 M. tanarius  FSlik Indonesia, Borneo, E-Kalimantan, Samboja
4334 1c 27 M. tanarius  BFiala Malaysia, Borneo, Sabah, Telupid, Jin. Microwave
6365 3a 28 M. tanarius ~ CBaier Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel

305 3b 29 M. tanarius  UMaschwitz Indonesia, Java

448 6a 30 M. tanarius  UMoog Malaysia, Peninsula, Pahang, Cameron Highlands, Tanah Rata, road to Tanah Rata
6073 6a 30 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 20 km to K.L.
6076 6a 30 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 20 km to K.L.
6077 6a 30 M. tanarius  CBaier Malaysia, Peninsula, Selangor, alte Genting road, 20 km to K.L.
6078 6a 30 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 20 km to K.L.
6079 6a 30 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 20 km to K.L.
6080 6a 30 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 20 km to K.L.
6106 6a 31 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 25 km to K.L.
6107 6a 31 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 25 km to K.L.
6108 6a 31 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 25 km to K.L.
6086 6a 32 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, after pass, 50 km to K.L.
6087 6a 32 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, after pass, 50 km to K.L.
6088 6a 32 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, after pass, 50 km to K.L.
6092 6a 32 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, after pass, 50 km to K.L.
2682 6a 32 M. tanarius  UMaschwitz Malaysia, Peninsula, Selangor, Gombak Valley
6070 6b 33 M. tanarius ~ CBaier Malaysia, Peninsula, Selangor, alte Genting road, 20 km to K.L.

43 6b 33 M. tanarius  UMaschwitz Malaysia, Peninsula, Selangor, Kuala Lumpur

1. The HT corresponds to the numbering in Figure 2-3.
2. Matching numbers indicate that individuals are grouped together in one population circle in Figure 2-4.
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Appendix G Chloroplast regions checked for the possibilityaofplification and sequencing and
sequence variation and corresponding primer segsenc

Locus Name Primer Name Direction Primer Sequence (5- 3")
ccmpl ! ccmplF forward CAGGTAAACTTCTCAACGGA
ccmplR reverse CCGAAGTCAAAAGAGCGATT
ccmp2t ccmp2F forward GATCCCGGACGTAATCCTG
ccmp2R reverse ATCGTACCGAGGGTTCGAAT
ccmp3*t ccmp3F forward CAGACCAAAAGCTGACATAG
ccmp3R reverse GTTTCATTCGGCTCCTTTAT
ccmp4 ! ccmp4F forward AATGCTGAATCGAYGACCTA
ccmp4R reverse CCAAAATATTBGGAGGACTCT
ccmpb ! ccmp5F forward TGTTCCAATATCTTCTTGTCATTT
ccmp5R reverse AGGTTCCATCGGAACAATTAT
ccmp6 * ccmp6F forward CGATGCATATGTAGAAAGCC
ccmp6R reverse CATTACGTGCGACTATCTCC
ccmp7t ccmp7F forward CAACATATACCACTGTCAAG
ccmp7R reverse ACATCATTATTGTATACTCTTTC
ccmpl0? ccmplOF forward TTTTTTTTTAGTGAACGTGTCA
ccmplOR reverse TTCGTCGDCGTAGTAAATAG
atp B-rbcL ? atp B-rbc L-F forward GAAGTAGTAGGATTGATTCTC
atp B-rbcL-R reverse CAACACTTGCTTTAGTCTCTG
trnL-trn F* trnL-trnF-F forward GGAAATGGGGATATGGCG
trnL-trnF-R reverse ATTTGAACTGGTGACACGAG
rpL16 * rpL16F71 ¢ forward GCTATGCTTAGTGTGTGACTCGTTG
RpL16-F2- PCR®  forward CTCATCGCTTTGCATTATCTGG
rpL16R1516 * reverse CCCTTCATTCTTCCTCTATGTTG
trn DYt TOV®  tmD®Y¢ forward ACCAATTGAACTACAATCCC
trnT®CY reverse CTACCACTGAGTTAAAAGGG
trn SYA-trnfM“AY® trnsYeA forward GAGAGAGAGGGATTCGAACC
trnFM“*" reverse CATAACCTTGAGGTCACGGG

! Chloroplast markers, Weising & Gardner 1999; Vogel et al. 2003.

2 Samuel et al. 1997.

®Taberlet et al. 1991, Forwardard primer nested from Jakob & Blattner 2006.
“ Small et al. 1998; Shaw et al. 2005.

> Self-designed.

® Demesure et al. 1995; Shaw et al. 2005.
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Appendix H Individuals included in the haplotype network céédtion of M. winkleriand other
Macarangaspecies with corresponding microsatellite sequénfoemation based oatpB-rbcL
intergenic spacer sequences (this study and dafabas

Database Letter Letter Letter Letter Letter

Plant ID accession 1stSSRin  for  2ndSSRin  for  3dSSRin  for  4thSSRin  for  SthSSRin  for
Number HT Species Location number alpB-rbcL__ mofif __atpB-rbcL __ motf __atpB-rbcL __ motif _ atpB-rbcL __motif _atpB-rbcL __motif
4396 1 M. winkleri Borneo, Brunei, Kuala Belalong TTTTTTTT- F TTTTTTT [9 TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
2478 1 M. winkleri Malaysia, Borneo, Sabah, Bukit Taviu, stop 1 TTTTTTTT- F TTTTTTT A TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
2485 1 M. winkleri Malaysia, Borneo, Sabah, Bukit Taviu, stop 1 TTTTTTTT- F TTTTTTT A TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
2581 1 M. winkleri Malaysia, Borneo, Sabah, Bukit Taviu, stop 7 TTTTTTTT- F TTTTTTT A TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
3857 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, Borneo rainforest lodge TTTTTTTT- F TTTTTTT B TTTTTTTT- B TTTTTTTTTTT- B AAAAAAA- B
3860 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, Borneo rainforest lodge TTTTTTTT- F TTTTTTT B TTTTTTTT- B TTTTTTTTTTT- B AAAAAAA- B
4615 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, DVFC, big gap close to office, trail into forest TTTTTTTT- F TTTTTTT C TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
4733 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge TTTTTTTT- F TTTTTTT C TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
4734 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge TTTTTTTT- F TTTTTTT C TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
4736 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge TTTTTTTT- F TTTTTTT C TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
6154 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge TTTTTTTT- F TTTTTTT C TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
6146 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge TTTTTTTT- F TTTTTTT Cc TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
6153 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge TTTTTTTT- F TTTTTTT C TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
6130 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail TTTTTTTT- F TTTTTTT Cc TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
6112 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail TTTTTTTT- F TTTTTTT Cc TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
6129 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail TTTTTTTT- F TTTTTTT Cc TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
5066 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 TTTTTTTT- F TTTTTTT Cc TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
5058 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 TTTTTTTT- F TTTTTTT Cc TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
5065 1 M. winkleri Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 TTTTTTTT- F TTTTTTT Cc TTTTTTTT- B TTTTTTTTTTTT A AAAAAAA- B
6403 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, Jalan Hulan, near Kunung Manangkob, stop 3 TITTTTTT- FoOTTTTTTT c TTTTTTTT- B TTTTT A AAAAAAA- B
6407 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, Jalan Hulan, near Kunung Manangkob, stop 3 TITTTTTT- FoOTTTTTTT Cc  TTTTTTTT- B TTTTT A AAAAAAA- B
6408 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, Jalan Hulan, near Kunung Manangkob, stop 3 TTITTTTTT- F Cc  TTTTTTITT- B A AAAAAAA- B
6412 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6414 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6411 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6417 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6420 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6421 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6424 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6426 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6427 1 M. winkleri Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
2051 1 M. winkleri Malaysia, Borneo, Sabah, Luasong TTITTTTTT- F Cc  TTITTITT- B A AAAAAAA- B
5665 1 M. winkleri Malaysia, Borneo, Sabah, Poring, Langanan TTITTTTTT- F B TTTTTTTT- B A AAAAAAA- B
5667 1 M. winkleri Malaysia, Borneo, Sabah, Poring, Langanan TTITTTTTT- F B TTTTTTTT- B A AAAAAAA- B
5660 1 M. winkleri Malaysia, Borneo, Sabah, Poring, Langanan TTITTTTTT- F B TTTTTTTT- B A AAAAAAA- B
6462 1 M. winkleri Malaysia, Borneo, Sabah, Ranau to KK TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6460 1 M. winkleri Malaysia, Borneo, Sabah, Ranau to KK TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
6468 1 M. winkleri Malaysia, Borneo, Sabah, Ranau to KK TTITTTTTT- E Cc  TTITTTITT- B A AAAAAAA- B
4286 1 M. winkleri Malaysia, Borneo, Sabah, Tabin Wildiife Reserve, Lipad trail TTITTTTTT- F c  TTITTTITT- B A AAAAAAA- B
4201 1 M. winkleri Malaysia, Borneo, Sabah, Tabin Wildiife Reserve, Lipad trail, gap TTITTTTTT- F c  TTITTTITT- B A AAAAAAA- B
4200 1 M. winkleri Malaysia, Borneo, Sabah, Tabin Wildiife Reserve, Lipad trail, gap TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
5139 1 M. winkleri Malaysia, Borneo, Sabah, Tawau Hills Park TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
5140 1 M. winkleri Malaysia, Borneo, Sabah, Tawau Hills Park TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
5142 1 M. winkleri Malaysia, Borneo, Sabah, Tawau Hills Park TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
5150 1 M. winkleri Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 o 2.6 km TTITTTTTT- F Cc  TTITTTITT- B A AAAAAAA- B
5196 1 M. winkleri Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 o 2.6 km F Cc  TTITTTITT- B A AAAAAAA- B
5194 1 M. winkleri Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 o 2.6 km F Cc  TTITTITT- B A AAAAAAA- B
6679 1 M. winkleri Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu D D TTTTTTTT- B D AAAAAAA- B
6673 1 M. winkleri Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu D D TTTTTTTT- B D AAAAAAA- B
6678 1 M. winkleri Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu D D TTTTTTTT- B D AAAAAAA- B
7078 1 M. winkleri Malaysia, Borneo, Sarawak, Pelagus Resort D D TTTTTTTT- B D AAAAAAA- B
7089 1 M. winkleri Malaysia, Borneo, Sarawak, Pelagus Resort D D TTTTTTTT- B D AAAAAAA- B
7126 1 M. winkleri Malaysia, Borneo, Sarawak, Pelagus Resort TITTTTTTTT D D TTTTTTTT- B D AAAAAAA- B
6713 1 M. winkleri Malaysia, Borneo, Sarawak, between Bukit Saban Resort and Betong TITTTTTTTIT— D D TTTTTTTT- B D AAAAAAA- B
6061 2 M. winkleri Bomeo, Brunei, Belait, Labi TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
244 2 M. winkleri Bomeo, Brunei, Belait, Labi road (southern part of the road) TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
5803 2 M. winkleri Bomeo, Brunei, Belait, Tereja TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
5962 2 M. winkleri Bomeo, Brunei, Belait, Tereja TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
5970 2 M. winkleri Bomeo, Brunei, Belait, Tereja TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
5974 2 M. winkleri Bomeo, Brunei, Belait, Tereja TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
5983 2 M. winkleri Bomeo, Brunei, Belait, Tereja TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
6873 2 M. winkleri Bomeo, Brunei, Belait, Wong Kadi waterfall TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
6874 2 M. winkleri Bomeo, Brunei, Belait, Wong Kadi waterfall TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
6875 2 M. winkleri Bomeo, Brunei, Belait, Wong Kadi waterfall TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
6962 2 M. winkleri Bomeo, Brunei, Belait, Wong Kadi waterfall TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
6963 2 M. winkleri Bomeo, Brunei, Belait, Wong Kadi waterfall TITTTTTTTTT- C D TTTTTTTTT A C  AAAAAAAA A
5700 2 M. winkleri Bomeo, Brunei, Temburong, Belalong TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
5723 2 M. winkleri Bomeo, Brunei, Temburong, Belalong TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
5 2 M. winkleri Bomeo, Brunei, Temburong, Belalong TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
6895 2 M. winkleri Bomeo, Brunei, Temburong, Bukit Patoi TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
6897 2 M. winkleri Bomeo, Brunei, Temburong, Bukit Patoi TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
5855 2 M. winkleri Bomeo, Brunei, Temburong, Bukit Patoi TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
6898 2 M. winkleri Bomeo, Brunei, Temburong, Bukit Patoi TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
5763 2 M. winkleri Bomeo, Brunei, Temburong, Bukit Patoi TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
5828 2 M. winkleri Bomeo, Brunei, Temburong, Bukit Patoi TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
5829 2 M. winkleri Bomeo, Brunei, Temburong, Bukit Patoi TITTTTTTTTT- C D TTTTTTTT- B D AAAAAAAA A
6656 2 M. winkleri Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
6657 2 M. winkleri Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
6658 2 M. winkleri Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
6659 2 M. winkleri Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
6561 2 M. winkleri Malaysia, Borneo, Sarawak, Lambir National Park TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
6562 2 M. winkleri Malaysia, Borneo, Sarawak, Lambir National Park TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
6566 2 M. winkleri Malaysia, Borneo, Sarawak, Lambir National Park TITTTTTTTTT- C D TTTTTTTTT A D AAAAAAAA A
7060 2 M. winkleri Malaysia, Borneo, Sarawak, Puni c D B D AAAAAAAA A
5918 3 M. winkleri Bomeo, Brunei, Belait, Labi c D A C  AAAAAAAA A
5810 3 M. winkleri Boreo, Brunei, Temburong, Belalong c D B D AAAAAAAA A
202 4 M.pruinosa  Malaysia, Selangor B D B D AAAAAAA- B
201 5 M.gigantea  Malaysia, Selangor B D B D AAAAAAA- B
205 6 M.diepenhorstii Malaysia, Selangor D E B D AAAAAAA- B
523 7 M.winkleriella Malaysia, Borneo, Sarawak, Mulu E D B F AAAAAAA- B
6984 7 M.winkleriella  Malaysia, Borneo, Sarawak, Mulu E D B F AAAAAAA- B
6985 7 M. winkleriella  Malaysia, Borneo, Sarawak, Mulu E D B F AAAAAAA- B
6986 7 M.winkleriella  Malaysia, Borneo, Sarawak, Mulu E D B F AAAAAAA- B
7137 7 M.winkleriella  Malaysia, Borneo, Sarawak, Mulu National Park E D B F AAAAAAA- B
7138 7 M.winkleriella  Malaysia, Borneo, Sarawak, Mulu National Park E D B F AAAAAAA- B
396 7 M.winkleriella Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, Meliau Gorge E E B F AAAAAAA- B
397 7 M.winkleriella Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail E D B F AAAAAAA- B
398 7 M.winkleriella Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail E D B F AAAAAAA- B
399 7 M.winkleriella Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail E D B F AAAAAAA- B
400 7 M.winkleriella  Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail E D B F AAAAAAA- B
401 7 M.winkleriella  Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail E D B F AAAAAAA- B
403 7 M.winkleriella  Malaysia, Borneo, Sarawak, Mulu, Clearwatercave, trail E D B F AAAAAAA- B
4391 8 M. winkleri Bomeo, Brunei, Temburong, Kuala Belalong c D B D AAAAAAAA A
12 9 M. winkleri Borneo, Brunei, Temburong, Belalong DQ358245 TTTTTTTTTIT- C D B D AAAAAAAA A
118 10 M. winkleri Malaysia, Borneo, Sabah, Deramakot Forest Reserve DQ358246 TTTTTTTT- F c B A AAAAAAA- B
136 11 M.recurvata  Malaysia, Borneo, Sabah, Tawau Forest Reserve DQ358244 TTTTTTTTTTTT A F A D AAAAAAA- B
1986 12 M. winkleri Malaysia, Borneo, Sabah, Tawau Hills DQ358247 TTTTTTTT- F D B A AAAAAAA- B
1593 13 M. winkleri Indonesia, Borneo, E-Kalimantan, Samboja DQ358248 TTTTTTTT E D B B AAAAAAA- B
211 14 M. conifera Malaysia, Peninsula, Selangor, Gombak Valley DQ358251 TTTTTTTTTIT- C D B D AAAAAAA- B
446 14 M. heynei Malaysia, Peninsula, Pahang, Cameron Highland, Tanah Rata, road to Tanah Rata DQ358250 c D B D AAAAAAA- B
828 15 M.gigantea  Indonesia, Borneo, E-Kalimantan, Bukit Bankirai DQ358273 B E B D AAAAAAA- B
536 15 M.pruinosa  Malaysia, Peninsula DQ358274 B E B D AAAAAAA- B
461 16 M. conifera Malaysia, Borneo, Sabah, Tawau Hills DQ358252 B E B D AAAAAAA- B
162 17 M.gigantea  Indonesia, Borneo, E-Kalimantan, dirt road from Bukit Soeharto to Bukit Bankirai DQ358262 B E c E  AAAAAAA- B
256 17 M.gigantea  Malaysia, Borneo, Sarawak, road Kuching to Matang, red bridge DQ358272 B E c E  AAAAAAA- B
450 17 M.gigantea  Malaysia, Peninsula, Pahang, Cameron Highland, Tanah Rata, road to Tanah Rata DQ358254 B E c E  AAAAAAA- B
40 17 M.gigantea  Malaysia, Peninsula, Pahang, Fraser's Hill DQ358255 B E c E  AAAAAAA- B
435 17 M. hosei Malaysia, Peninsula, Pahang, Janda Baik, 30 km from Bentong DQ358257 B E c E  AAAAAAA- B
454 17 M. hosei Malaysia, Peninsula, Selangor, Gombak Valley, Gombak DQ358268 B E c E  AAAAAAA- B
485 18 M.puberula  Malaysia, Borneo, Sabah, Crocker Range, 25 km to Keningau DQ358269 B E c D AAAAAAA- B
2091 19 M.pearsonii  Malaysia, Borneo, Sabah, Luasong DQ358267 B E c E  AAAAAAA- B
286 20 M.puberula  Malaysia, Borneo, Sabah, Patau, near Tambunan, road to Mahua waterfall, Jin. Mahua DQ358261 D E c D AAAAAAA- B
347 21 M.pearsoni___Indonesia, Borneo, E-Kalimantan, Bukit Soeharto, road from Samarinda to Balikpapan DQ358260 D E [ D - B

* If taken from the database.
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Order of theM. winkleriindividuals in the bar plots of the chloroplassigament

Individual
(1 bar)

Plant ID

Number Species

Location

2478
2485
2581
3857
3860
4615
4733
4734
4736
6112
6129
6130
6146
6154
6153
5058
5065
5066
6407
6408
6403
6412
6414
6411
6420
6421
6417
6424
6426
6427
2051
5665
5667
5669
6462
6469
6468
4286
4290
4291
5139
5140
5142
5159
5194
5196
6713
6656
6657
6658
6659
6673
6678
6679
6561
6562
6566
7078
7089
7126
7060
5
6061
244
5918
5803
5962
5970
5974
5983
6873
6874
6875
6962
6963
4391
4396
5723
5700
5810
6895
6897
6898
5855
5763
5828
5829
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winkleri
winkleri
winkleri
winkleri
winkleri
winkleri
winkleri
winkleri
winkleri
winkleri
winkleri
winkleri
winkleri

Malaysia, Borneo, Sabah, Bukit Taviu, stop 1

Malaysia, Borneo, Sabah, Bukit Taviu, stop 1

Malaysia, Borneo, Sabah, Bukit Taviu, stop 7

Malaysia, Borneo, Sabah, Danum Valley, Borneo rainforest lodge

Malaysia, Borneo, Sabah, Danum Valley, Borneo rainforest lodge

Malaysia, Borneo, Sabah, Danum Valley, DVFC, big gap close to office, trail into forest
Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge

Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge

Malaysia, Borneo, Sabah, Danum Valley, junction to Borneo rainforest lodge

Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail

Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail

Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail

Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge
Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge
Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to Borneo rainforest lodge
Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5

Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5

Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5

Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, Jalan Hulan, near Kunung Manangkob
Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, Jalan Hulan, near Kunung Manangkob
Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, Jalan Hulan, near Kunung Manangkob
Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 4

Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 4

Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 4

Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 5

Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 5

Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 5

Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 6, 55 km to Ranau
Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 6, 55 km to Ranau
Malaysia, Borneo, Sabah, from Kota Kinabalu to Ranau, stop 6, 55 km to Ranau
Malaysia, Borneo, Sabah, Luasong

Malaysia, Borneo, Sabah, Poring, Langanan

Malaysia, Borneo, Sabah, Poring, Langanan

Malaysia, Borneo, Sabah, Poring, Langanan

Malaysia, Borneo, Sabah, Ranau to Kota Kinabalu

Malaysia, Borneo, Sabah, Ranau to Kota Kinabalu

Malaysia, Borneo, Sabah, Ranau to Kota Kinabalu

Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail

Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail, gap

Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail, gap

Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 'Golden Hope'
Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 'Golden Hope'
Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 'Golden Hope'
Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 bis 2.6 km

Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 bis 2.6 km

Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs, 0 bis 2.6 km

Malaysia, Borneo, Sarawak, between Bukit Saban Resort and Betong

Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu

Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu

Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu

Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu

Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu

Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu

Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu

Malaysia, Borneo, Sarawak, Lambir National Park

Malaysia, Borneo, Sarawak, Lambir National Park

Malaysia, Borneo, Sarawak, Lambir National Park

Malaysia, Borneo, Sarawak, Pelagus Resort

Malaysia, Borneo, Sarawak, Pelagus Resort

Malaysia, Borneo, Sarawak, Pelagus Resort

Malaysia, Sarawak, Puni

Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,
Borneo,

Brunei, Belalong

Brunei, Belait, Labi

Brunei, Belait, Labi road (southern part of the road)
Brunei, Belait, Labi

Brunei, Belait, Tereja

Brunei, Belait, Tereja

Brunei, Belait, Tereja

Brunei, Belait, Tereja

Brunei, Belait, Tereja

Brunei, Belait, Wong Kadi waterfall
Brunei, Belait, Wong Kadi waterfall
Brunei, Belait, Wong Kadi waterfall
Brunei, Belait, Wong Kadir waterfall
Brunei, Belait, Wong Kadir waterfall
Brunei, Kuala Belalong

Brunei, Kuala Belalong

Brunei, Temburong, Belalong
Brunei, Temburong, Belalong
Brunei, Temburong, Belalong
Brunei, Temburong, Bukit Patoi
Brunei, Temburong, Bukit Patoi
Brunei, Temburong, Bukit Patoi
Brunei, Tutong, Bukit Patoi

Brunei, Tutong, Bukit Patoi

Brunei, Tutong, Bukit Patoi

Brunei, Tutong, Bukit Patoi
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Appendix J  Order of theM. winkleriindividuals for all bar plots created for both STRTURE
and INSTRUCT analyses using the microsatellite,datd percentages with which individuals are
assigned to each cluster for K = 3 (STRUCTURE).

Percent of individual assigned to

Plant ID Individual
Number Species (1bar)  Cluster K=1 Cluster K=2 Cluster K=3 Location Latitude __Longitude
6713 M. winkleri 1 99.3% 0.5% 0.3% Malaysia, Borneo, Sarawak, Bt. Saban Resort to Betong 1.463 111.560
7092 M. winkleri 2 93.7% 3.3% 3.0% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7078 M. winkleri 3 70.1% 29.4% 0.6% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7102 M. winkleri 4 98.7% 0.7% 0.6% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7126 M. winkleri 5 89.3% 10.4% 0.3% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7087 M. winkleri 6 92.7% 6.5% 0.8% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7089 M. winkleri 7 99.3% 0.4% 0.2% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7088 M. winkleri 8 99.3% 0.5% 0.2% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7098 M. winkleri 9 95.3% 4.4% 0.3% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
7093 M. winkleri 10 94.4% 5.2% 0.4% Malaysia, Borneo, Sarawak, Pelagus Resort 2.190 113.060
6670 M. winkleri 11 99.4% 0.4% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6676 M. winkleri 12 98.5% 1.2% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6669 M. winkleri 13 94.0% 1.0% 5.1% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6675 M. winkleri 14 98.7% 1.0% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6668 M. winkleri 15 90.0% 0.5% 9.5% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6674 M. winkleri 16 99.4% 0.4% 0.2% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6667 M. winkleri 17 94.0% 5.4% 0.7% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6680 M. winkleri 18 98.8% 0.9% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6679 M. winkleri 19 99.3% 0.4% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6678 M. winkleri 20 99.2% 0.5% 0.2% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6673 M. winkleri 21 99.2% 0.6% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6671 M. winkleri 22 99.3% 0.5% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6677 M. winkleri 23 98.8% 0.8% 0.4% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6672 M. winkleri 24 98.4% 1.1% 0.5% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.350 113.440
6659 M. winkleri 25 98.7% 0.5% 0.8% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6658 M. winkleri 26 99.3% 0.4% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6657 M. winkleri 27 99.3% 0.4% 0.4% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6664 M. winkleri 28 99.1% 0.6% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6656 M. winkleri 29 99.1% 0.6% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6663 M. winkleri 30 99.2% 0.6% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6655 M. winkleri 31 99.3% 0.5% 0.2% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6662 M. winkleri 32 99.2% 0.5% 0.3% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6654 M. winkleri 33 99.2% 0.5% 0.2% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6661 M. winkleri 34 98.7% 0.7% 0.6% Malaysia, Borneo, Sarawak, Jalan Miri -Bintulu 3.680 113.750
6557 M. winkleri 35 99.4% 0.3% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6559 M. winkleri 36 99.3% 0.4% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6551 M. winkleri 37 99.1% 0.4% 0.5% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6560 M. winkleri 38 99.2% 0.5% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7136 M. winkleri 39 99.3% 0.5% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6552 M. winkleri 40 99.3% 0.5% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6561 M. winkleri 41 98.4% 1.2% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6553 M. winkleri 42 99.0% 0.7% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6562 M. winkleri 43 92.5% 7.2% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7124 M. winkleri 44 99.1% 0.5% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6554 M. winkleri 45 98.3% 1.5% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6566 M. winkleri 46 98.6% 0.7% 0.7% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7125 M. winkleri 47 99.3% 0.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6555 M. winkleri 48 99.3% 0.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6567 M. winkleri 49 99.0% 0.6% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6556 M. winkleri 50 99.3% 0.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6568 M. winkleri 51 99.2% 0.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6608 M. winkleri 52 99.0% 0.7% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6605 M. winkleri 53 99.3% 0.4% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6604 M. winkleri 54 99.3% 0.5% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6607 M. winkleri 55 94.9% 4.8% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6606 M. winkleri 56 99.2% 0.4% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6615 M. winkleri 57 96.8% 2.8% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6614 M. winkleri 58 98.6% 0.8% 0.6% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6613 M. winkleri 59 98.7% 0.8% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6612 M. winkleri 60 99.2% 0.5% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6620 M. winkleri 61 98.5% 0.8% 0.7% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6611 M. winkleri 62 98.8% 0.8% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6618 M. winkleri 63 99.2% 0.5% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6610 M. winkleri 64 98.3% 1.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7135 M. winkleri 65 99.3% 0.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7134 M. winkleri 66 95.8% 1.6% 2.7% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7133 M. winkleri 67 99.4% 0.3% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7130 M. winkleri 68 99.3% 0.4% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7129 M. winkleri 69 99.1% 0.7% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7128 M. winkleri 70 98.8% 0.8% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7127 M. winkleri 71 99.4% 0.4% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7132 M. winkleri 72 99.4% 0.3% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6599 M. winkleri 73 92.9% 6.6% 0.5% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6597 M. winkleri 74 99.3% 0.5% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6596 M. winkleri 75 99.4% 0.3% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6980 M. winkleri 76 99.2% 0.6% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6941 M. winkleri 77 99.2% 0.6% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6942 M. winkleri 78 99.4% 0.4% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6943 M. winkleri 79 99.3% 0.4% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6903 M. winkleri 80 99.1% 0.6% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
7110 M. winkleri 81 99.4% 0.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6583 M. winkleri 82 99.4% 0.4% 0.2% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6582 M. winkleri 83 93.2% 0.4% 6.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6584 M. winkleri 84 99.3% 0.4% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6617 M. winkleri 85 98.3% 1.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6616 M. winkleri 86 98.5% 0.7% 0.8% Malaysia, Borneo, Sarawak, Lambir National Park 4.226 114.035
6579 M. winkleri 87 96.4% 3.4% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.225 114.037
6577 M. winkleri 88 98.5% 1.1% 0.4% Malaysia, Borneo, Sarawak, Lambir National Park 4.225 114.037
6576 M. winkleri 89 99.2% 0.5% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.225 114.037
6575 M. winkleri 90 99.2% 0.5% 0.3% Malaysia, Borneo, Sarawak, Lambir National Park 4.225 114.037
6966 M. winkleri 91 93.2% 3.3% 3.6% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
6962 M. winkleri 92 98.0% 0.7% 1.3% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
6963 M. winkleri 93 99.2% 0.5% 0.2% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
6964 M. winkleri 94 99.2% 0.5% 0.4% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
6965 M. winkleri 95 95.0% 4.6% 0.5% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
6875 M. winkleri 96 98.8% 0.6% 0.6% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
6873 M. winkleri 97 97.5% 2.1% 0.4% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
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6874 M. winkleri 98 99.1% 0.5% 0.4% Borneo, Brunei, Belait, Wong Kadir waterfall 4.375 114.459
5975 M. winkleri 99 79.2% 17.6% 3.2% Borneo, Brunei, Belait, Tereja 4.460 114.470
5957 M. winkleri 100 93.9% 2.9% 3.2% Borneo, Brunei, Belait, Tereja 4.460 114.470
5986 M. winkleri 101 98.6% 1.0% 0.4% Borneo, Brunei, Belait, Tereja 4.460 114.470
5952 M. winkleri 102 81.0% 0.7% 18.3% Borneo, Brunei, Belait, Tereja 4.460 114.470
5802 M. winkleri 103 91.6% 8.1% 0.3% Borneo, Brunei, Belait, Tereja 4.460 114.470
5803 M. winkleri 104 95.8% 2.8% 1.5% Borneo, Brunei, Belait, Tereja 4.460 114.470
5974 M. winkleri 105 99.3% 0.5% 0.3% Borneo, Brunei, Belait, Tereja 4.460 114.470
5983 M. winkleri 106 98.2% 1.2% 0.5% Borneo, Brunei, Belait, Tereja 4.460 114.470
5962 M. winkleri 107 92.8% 2.6% 4.7% Borneo, Brunei, Belait, Tereja 4.460 114.470
5970 M. winkleri 108 90.7% 0.4% 8.9% Borneo, Brunei, Belait, Tereja 4.460 114.470
6061 M. winkleri 109 98.7% 0.9% 0.3% Borneo, Brunei, Belait, Labi 4.460 114.470
5918 M. winkleri 110 93.6% 1.2% 5.2% Borneo, Brunei, Belait, Labi 4.460 114.470
244 M. winkleri 111 95.5% 2.9% 1.6% Borneo, Brunei, Belait, Labi road 4.460 114.470
7060 M. winkleri 112 97.9% 0.6% 1.4% Malaysia, Borneo, Sarawak, Puni 4.715 115.032
5701 M. winkleri 113 57.1% 42.5% 0.3% Borneo, Brunei, Temburong, Belalong 4.717 115.067
5700 M. winkleri 114 79.2% 19.5% 1.3% Borneo, Brunei, Temburong, Belalong 4,717 115.067
5697 M. winkleri 115 97.1% 1.2% 1.7% Borneo, Brunei, Temburong, Belalong 4.717 115.067
5711 M. winkleri 116 89.5% 10.1% 0.3% Borneo, Brunei, Temburong, Belalong 4,717 115.067
5713 M. winkleri 117 49.3% 50.3% 0.4% Borneo, Brunei, Temburong, Belalong 4.717 115.067
5716 M. winkleri 118 97.9% 1.7% 0.4% Borneo, Brunei, Temburong, Belalong 4.717 115.067
5694 M. winkleri 119 77.3% 22.1% 0.6% Borneo, Brunei, Temburong, Belalong 4.717 115.067
5723 M. winkleri 120 50.2% 49.1% 0.7% Borneo, Brunei, Temburong, Belalong 4.717 115.067
5810 M. winkleri 121 99.2% 0.5% 0.3% Borneo, Brunei, Temburong, Belalong 4,717 115.067
5693 M. winkleri 122 98.8% 0.9% 0.3% Borneo, Brunei, Temburong, Belalong 4.717 115.067
6902 M. winkleri 123 93.2% 4.7% 2.0% Borneo, Brunei, Temburong, 10 km before Bangar 4.712 115.079
6899 M. winkleri 124 98.0% 0.8% 1.3% Borneo, Brunei, Temburong, 10 km before Bangar 4.712 115.079
6900 M. winkleri 125 96.4% 3.2% 0.4% Borneo, Brunei, Temburong, 10 km before Bangar 4.712 115.079
6901 M. winkleri 126 78.2% 21.1% 0.7% Borneo, Brunei, Temburong, 10 km before Bangar 4.712 115.079
5 M. winkleri 127 92.4% 5.3% 2.4% Borneo, Brunei, Belalong 4.550 115.133
4391 M. winkleri 128 74.6% 6.0% 19.4% Borneo, Brunei, Kuala Belalong 4.566 115.151
4396 M. winkleri 129 96.7% 2.9% 0.3% Borneo, Brunei, Kuala Belalong 4.566 115.151
5760 M. winkleri 130 78.3% 19.8% 1.9% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5855 M. winkleri 131 76.2% 23.3% 0.5% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5764 M. winkleri 132 40.3% 59.4% 0.3% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5762 M. winkleri 133 78.0% 21.5% 0.5% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
6008 M. winkleri 134 70.1% 29.6% 0.3% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
6012 M. winkleri 135 87.4% 10.3% 2.3% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5852 M. winkleri 136 70.7% 28.8% 0.5% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5853 M. winkleri 137 99.3% 0.4% 0.3% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5828 M. winkleri 138 99.1% 0.6% 0.3% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5763 M. winkleri 139 99.3% 0.5% 0.2% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5829 M. winkleri 140 98.4% 1.3% 0.3% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
6011 M. winkleri 141 96.4% 3.1% 0.5% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
5850 M. winkleri 142 84.7% 14.9% 0.5% Borneo, Brunei,Tutong, Bukit Patoi 4.760 115.180
6894 M. winkleri 143 99.1% 0.4% 0.5% Borneo, Brunei, Temburong, Bukit Patoi 4.760 115.180
6895 M. winkleri 144 96.5% 3.2% 0.3% Borneo, Brunei, Temburong, Bukit Patoi 4.760 115.180
6897 M. winkleri 145 96.4% 3.3% 0.3% Borneo, Brunei, Temburong, Bukit Patoi 4.760 115.180
6898 M. winkleri 146 95.6% 0.5% 3.9% Borneo, Brunei, Temburong, Bukit Patoi 4.760 115.180
482 M. winkleri 147 1.4% 98.3% 0.3% Malaysia, Borneo, Sabah, Crocker Range 5.899 116.225
6463 M. winkleri 148 0.5% 44.8% 54.7% Malaysia, Borneo, Sabah, Ranau to KK 6.090 116.750
6460 M. winkleri 149 1.9% 97.7% 0.4% Malaysia, Borneo, Sabah, Ranau to KK, Kinabalu view 6.110 116.840
6459 M. winkleri 150 1.2% 98.5% 0.3% Malaysia, Borneo, Sabah, Ranau to KK, Kinabalu view 6.110 116.840
6462 M. winkleri 151 11.2% 88.5% 0.4% Malaysia, Borneo, Sabah, Ranau to KK 6.160 116.970
6461 M. winkleri 152 14.9% 84.7% 0.4% Malaysia, Borneo, Sabah, Ranau to KK, 44 km to Tuaran 6.160 116.970
6468 M. winkleri 153 3.9% 95.8% 0.4% Malaysia, Borneo, Sabah, Ranau to KK 6.180 116.610
6469 M. winkleri 154 1.0% 98.5% 0.5% Malaysia, Borneo, Sabah, Ranau to KK 6.180 116.610
6414 M. winkleri 155 12.5% 87.2% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 6.190 116.860
6410 M. winkleri 156 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 6.190 116.860
6412 M. winkleri 157 4.6% 95.1% 0.4% Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 6.190 116.860
6416 M. winkleri 158 0.8% 97.7% 1.5% Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 6.190 116.860
6411 M. winkleri 159 27.9% 71.7% 0.4% Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 6.190 116.860
6415 M. winkleri 160 31.4% 66.7% 1.9% Malaysia, Borneo, Sabah, from KK to Ranau, stop 4 6.190 116.860
5766 M. winkleri 161 2.4% 97.3% 0.3% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5780 M. winkleri 162 2.1% 52.5% 45.4% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5767 M. winkleri 163 1.6% 98.1% 0.4% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5771 M. winkleri 164 0.5% 70.6% 28.9% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5778 M. winkleri 165 2.0% 97.4% 0.5% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5772 M. winkleri 166 1.8% 97.7% 0.5% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5779 M. winkleri 167 1.3% 98.1% 0.6% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5777 M. winkleri 168 0.5% 98.5% 1.0% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
6022 M. winkleri 169 0.7% 99.0% 0.4% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
6020 M. winkleri 170 0.7% 99.0% 0.3% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
6021 M. winkleri 171 0.4% 99.3% 0.3% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
6025 M. winkleri 172 0.7% 99.0% 0.3% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5770 M. winkleri 173 0.7% 98.6% 0.7% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5788 M. winkleri 174 0.5% 99.2% 0.3% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5774 M. winkleri 175 2.5% 97.2% 0.3% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5781 M. winkleri 176 1.5% 96.5% 2.0% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5775 M. winkleri 177 1.0% 98.4% 0.6% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
5765 M. winkleri 178 0.6% 99.1% 0.3% Malaysia, Sabah, road KK-Ranau, ca km 60 6.330 116.720
6426 M. winkleri 179 2.7% 96.9% 0.4% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6429 M. winkleri 180 19.8% 79.8% 0.4% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6430 M. winkleri 181 2.2% 97.5% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6427 M. winkleri 182 0.7% 38.6% 60.7% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6424 M. winkleri 183 2.0% 96.9% 1.1% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6432 M. winkleri 184 3.5% 96.1% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6422 M. winkleri 185 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6428 M. winkleri 186 37.9% 61.8% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6431 M. winkleri 187 23.7% 75.9% 0.4% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6423 M. winkleri 188 1.1% 98.6% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 6, 55 km to Ranau 6.330 116.720
6405 M. winkleri 189 1.1% 91.4% 7.5% Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob 6.400 116.580
6407 M. winkleri 190 3.6% 96.0% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob 6.400 116.580
6408 M. winkleri 191 1.0% 89.0% 10.0% Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob 6.400 116.580
6406 M. winkleri 192 2.6% 96.9% 0.5% Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob 6.400 116.580
6404 M. winkleri 193 6.7% 92.8% 0.5% Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob 6.400 116.580
6403 M. winkleri 194 2.5% 97.2% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob 6.400 116.580



146 Comparative phylogeographic and population gertie analyses of threeMacaranga species

Percent of individual assigned to

Plant ID Individual

Number Species (1Lbar)  ClusterK=1 Cluster K=2 Cluster K=3 Location Latitude __Longitude
6420 M. winkleri 195 8.5% 91.1% 0.4% Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 6.400 116.830
6419 M. winkleri 196 7.0% 92.3% 0.7% Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 6.400 116.830
6421 M. winkleri 197 19.8% 79.5% 0.6% Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 6.400 116.830
6417 M. winkleri 198 0.4% 98.8% 0.8% Malaysia, Borneo, Sabah, from KK to Ranau, stop 5 6.400 116.830
6409 M. winkleri 199 2.1% 97.6% 0.3% Malaysia, Borneo, Sabah, from KK to Ranau, near Kg Manangkob 6.400 116.580
2119 M. winkleri 200 0.9% 98.8% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan trail, ca km 1.6 6.060 116.690
510 M. winkleri 201 12.9% 83.7% 3.4% Malaysia, Borneo, Sabah, Poring, Langanan trail 6.060 116.690
505 M. winkleri 202 3.4% 95.1% 1.5% Malaysia, Borneo, Sabah, Poring, canopy walkway 6.050 116.700
6044 M. winkleri 203 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Poring, walkway 6.070 116.720
6047 M. winkleri 204 1.5% 98.2% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
6046 M. winkleri 205 0.8% 98.8% 0.4% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
6053 M. winkleri 206 0.6% 99.0% 0.4% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
6054 M. winkleri 207 0.6% 97.3% 2.2% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
6045 M. winkleri 208 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
5667 M. winkleri 209 0.5% 99.3% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
5669 M. winkleri 210 5.3% 94.3% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
5674 M. winkleri 211 1.4% 98.3% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
5665 M. winkleri 212 1.6% 98.1% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
5666 M. winkleri 213 0.8% 98.9% 0.3% Malaysia, Borneo, Sabah, Poring, Langanan 6.070 116.720
5660 M. winkleri 214 11.9% 69.9% 18.2% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
5662 M. winkleri 215 0.6% 98.9% 0.5% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
5658 M. winkleri 216 0.4% 99.2% 0.4% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
5659 M. winkleri 217 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
5657 M. winkleri 218 0.4% 98.8% 0.8% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
5661 M. winkleri 219 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6038 M. winkleri 220 5.8% 89.6% 4.6% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
2323 M. winkleri 221 0.4% 99.1% 0.4% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
2351 M. winkleri 222 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
5663 M. winkleri 223 0.7% 97.4% 1.9% Malaysia, Borneo, Sabah, Poring 6.070 116.720
5664 M. winkleri 224 1.1% 98.6% 0.3% Malaysia, Borneo, Sabah, Poring 6.070 116.720
4744 M. winkleri 225 1.6% 98.0% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4742 M. winkleri 226 2.8% 96.8% 0.4% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4743 M. winkleri 227 12.8% 86.6% 0.6% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4749 M. winkleri 228 0.8% 98.6% 0.6% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4754 M. winkleri 229 0.8% 99.0% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4751 M. winkleri 230 0.4% 98.8% 0.8% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4753 M. winkleri 231 16.0% 83.6% 0.4% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4748 M. winkleri 232 0.4% 99.2% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4755 M. winkleri 233 0.4% 98.9% 0.7% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4756 M. winkleri 234 21.2% 76.3% 2.5% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4750 M. winkleri 235 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4747 M. winkleri 236 0.6% 99.2% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4745 M. winkleri 237 53.5% 45.9% 0.6% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4752 M. winkleri 238 0.7% 99.1% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4746 M. winkleri 239 10.4% 89.3% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
4757 M. winkleri 240 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
2337 M. winkleri 241 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Poring, logging road 6.060 116.730
2581 M. winkleri 242 1.4% 98.1% 0.5% Malaysia, Borneo, Sabah, Bukit Taviu, stop 7 5.680 116.940
2485 M. winkleri 243 0.6% 97.9% 1.5% Malaysia, Borneo, Sabah, Bukit Taviu, stop 1 5.690 116.980
2478 M. winkleri 244 0.9% 98.8% 0.3% Malaysia, Borneo, Sabah, Bukit Taviu, stop 1 5.690 116.980
112 M. winkleri 245 3.6% 93.8% 2.6% Malaysia, Borneo, Sabah, Deramakot Forest Reserve 5.330 117.330
118 M. winkleri 246 0.9% 96.9% 2.2% Malaysia, Borneo, Sabah, Deramakot Forest Reserve 5.330 117.330
4043 M. winkleri 247 3.8% 1.1% 95.0% Malaysia, Borneo, Sabah, Sepilok, trail to birdwatching tower 5.866 117.967
4044 M. winkleri 248 0.9% 0.8% 98.3% Malaysia, Borneo, Sabah, Sepilok, trail to birdwatching tower 5.866 117.967
4048 M. winkleri 249 2.2% 1.7% 96.1% Malaysia, Borneo, Sabah, Sepilok, waterhole 5.866 117.967
4049 M. winkleri 250 0.5% 0.8% 98.7% Malaysia, Borneo, Sabah, Sepilok, waterhole 5.866 117.967
2829 M. winkleri 251 41.0% 29.2% 29.8% Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua 5.110 117.600
2830 M. winkleri 252 0.4% 97.1% 2.5% Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua 5.110 117.600
2831 M. winkleri 253 0.6% 99.0% 0.5% Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua 5.110 117.600
2854 M. winkleri 254 0.9% 98.5% 0.5% Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua 5.110 117.600
2866 M. winkleri 255 0.6% 99.0% 0.4% Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua 5.110 117.600
2867 M. winkleri 256 1.0% 98.6% 0.4% Malaysia, Borneo, Sabah, Danum Valley, logging road near Malua 5.110 117.600
3545 M. winkleri 257 1.2% 97.8% 1.0% Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road 5.100 117.650
3663 M. winkleri 258 0.5% 99.0% 0.5% Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road 5.100 117.650
3664 M. winkleri 259 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road 5.100 117.650
3740 M. winkleri 260 0.6% 96.7% 2.8% Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road 5.100 117.650
3661 M. winkleri 261 1.0% 7.3% 91.7% Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road 5.100 117.650
3662 M. winkleri 262 0.4% 0.3% 99.3% Malaysia, Borneo, Sabah, Danum Valley, Malua, new logging road 5.100 117.650
3222 M. winkleri 263 3.6% 15.1% 81.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.740
3253 M. winkleri 264 1.0% 4.0% 95.0% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.050 117.760
3415 M. winkleri 265 1.5% 98.1% 0.4% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.090 117.650
3414 M. winkleri 266 1.4% 98.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.090 117.650
6155 M. winkleri 267 19.7% 79.8% 0.5% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.720
6157 M. winkleri 268 0.6% 99.0% 0.4% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.720
6158 M. winkleri 269 9.4% 90.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.720
6156 M. winkleri 270 0.9% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.720
6160 M. winkleri 271 0.3% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.720
6159 M. winkleri 272 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.720
3815 M. winkleri 273 0.4% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.730
3816 M. winkleri 274 0.5% 98.7% 0.8% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.070 117.730
3221 M. winkleri 275 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.740
3330 M. winkleri 276 1.2% 98.5% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.750
3331 M. winkleri 277 1.5% 97.7% 0.8% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.750
3332 M. winkleri 278 0.8% 98.5% 0.8% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.750
3333 M. winkleri 279 5.6% 94.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.750
3334 M. winkleri 280 1.9% 94.7% 3.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.750
3329 M. winkleri 281 1.0% 84.8% 14.2% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.060 117.750
3254 M. winkleri 282 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.050 117.760
3292 M. winkleri 283 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.050 117.760
3293 M. winkleri 284 1.4% 98.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.050 117.760
3294 M. winkleri 285 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.050 117.760
3878 M. winkleri 286 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.000 117.800
3882 M. winkleri 287 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.000 117.800
3883 M. winkleri 288 2.3% 97.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.000 117.800
3936 M. winkleri 289 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.000 117.800
3937 M. winkleri 290 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua 5.000 117.800
6154 M. winkleri 291 25.8% 73.7% 0.5% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
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6153 M. winkleri 292 2.9% 96.3% 0.8% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6147 M. winkleri 293 2.4% 73.1% 24.5% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6141 M. winkleri 294 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6146 M. winkleri 295 1.5% 52.8% 45.7% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
4732 M. winkleri 296 0.8% 98.9% 0.3% Malaysia, Borneo, Sabah, Danum Valley, junction to BRL 4.950 117.810
4733 M. winkleri 297 1.1% 95.8% 3.1% Malaysia, Borneo, Sabah, Danum Valley, junction to BRL 4.950 117.810
4734 M. winkleri 298 0.9% 98.9% 0.3% Malaysia, Borneo, Sabah, Danum Valley, junction to BRL 4.950 117.810
4735 M. winkleri 299 0.5% 98.9% 0.6% Malaysia, Borneo, Sabah, Danum Valley, junction to BRL 4.950 117.810
4736 M. winkleri 300 1.1% 98.3% 0.6% Malaysia, Borneo, Sabah, Danum Valley, junction to BRL 4.950 117.810
4737 M. winkleri 301 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, junction to BRL 4.950 117.810
3857 M. winkleri 302 0.8% 96.1% 3.1% Malaysia, Borneo, Sabah, Danum Valley, BRL 5.020 117.750
3860 M. winkleri 303 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, BRL 5.020 117.750
3861 M. winkleri 304 0.7% 25.7% 73.6% Malaysia, Borneo, Sabah, Danum Valley, BRL 5.020 117.750
3078 M. winkleri 305 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Main Line North 5.040 118.040
4642 M. winkleri 306 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun trail 5.010 118.070
3443 M. winkleri 307 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun trail 5.010 118.070
4988 M. winkleri 308 1.4% 97.4% 1.2% Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun 5.010 118.070
4987 M. winkleri 309 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun 5.010 118.070
4989 M. winkleri 310 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun 5.010 118.070
4726 M. winkleri 311 0.5% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Sg. Kalisun trail 5.010 118.070
4807 M. winkleri 312 0.7% 92.2% 7.2% Malaysia, Borneo, Sabah, Danum Valley, Kalisun 4.950 117.810
3462 M. winkleri 313 4.1% 93.5% 2.4% Malaysia, Borneo, Sabah, Danum Valley, Sg. Purut trail 4.950 117.800
2233 M. winkleri 314 0.9% 89.9% 9.2% Malaysia, Borneo, Sabah, Danum Valley, Westambling trail, waterfall 4.980 117.800
5083 M. winkleri 315 1.5% 98.0% 0.6% Malaysia, Borneo, Sabah, Danum Valley, west grid, W13,1N5 4.980 117.800
5082 M. winkleri 316 0.5% 99.0% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W15N3 4.980 117.800
4550 M. winkleri 317 0.6% 98.1% 1.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W15 N1.5 4.980 117.800
4551 M. winkleri 318 9.5% 90.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W15 N1.5 4.980 117.800
4544 M. winkleri 319 1.3% 87.9% 10.8% Malaysia, Borneo, Sabah, Danum Valley, west grid W15 N1.5 4.980 117.800
4555 M. winkleri 320 23.2% 76.5% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W15 N1.5 4.980 117.800
3478 M. winkleri 321 4.9% 94.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid N1W15 4.980 117.800
3479 M. winkleri 322 0.6% 98.1% 1.3% Malaysia, Borneo, Sabah, Danum Valley, west grid N1W15 4.980 117.800
4662 M. winkleri 323 0.8% 98.6% 0.6% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4668 M. winkleri 324 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4669 M. winkleri 325 0.4% 99.1% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4664 M. winkleri 326 1.1% 96.7% 2.2% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4667 M. winkleri 327 1.1% 98.5% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4671 M. winkleri 328 0.4% 98.3% 1.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.950 117.810
4672 M. winkleri 329 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.950 117.810
4661 M. winkleri 330 1.2% 98.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.950 117.810
4663 M. winkleri 331 0.3% 0.3% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4666 M. winkleri 332 0.5% 99.1% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4670 M. winkleri 333 83.3% 12.4% 4.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W12 4.980 117.800
4688 M. winkleri 334 0.5% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W11 4.980 117.800
5202 M. winkleri 335 0.3% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W11 4.980 117.800
5201 M. winkleri 336 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W11 4.980 117.800
4693 M. winkleri 337 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W11 4.980 117.800
4473 M. winkleri 338 0.6% 98.6% 0.8% Malaysia, Borneo, Sabah, Danum Valley, west grid W10 N3 4.980 117.800
5043 M. winkleri 339 0.3% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.25 4.980 117.800
5059 M. winkleri 340 32.2% 67.3% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5063 M. winkleri 341 29.0% 70.5% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5048 M. winkleri 342 1.7% 98.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5050 M. winkleri 343 0.8% 98.3% 0.9% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5055 M. winkleri 344 0.5% 99.1% 0.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5071 M. winkleri 345 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5061 M. winkleri 346 0.9% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5060 M. winkleri 347 0.7% 88.8% 10.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5072 M. winkleri 348 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5056 M. winkleri 349 0.8% 98.8% 0.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5062 M. winkleri 350 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5075 M. winkleri 351 0.3% 76.9% 22.8% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5051 M. winkleri 352 8.2% 91.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5064 M. winkleri 353 0.6% 63.2% 36.2% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5054 M. winkleri 354 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5068 M. winkleri 355 0.9% 98.9% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5057 M. winkleri 356 0.9% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5069 M. winkleri 357 0.4% 66.7% 33.0% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5070 M. winkleri 358 1.0% 98.1% 0.9% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5073 M. winkleri 359 0.8% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5045 M. winkleri 360 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5046 M. winkleri 361 0.6% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5067 M. winkleri 362 1.0% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5049 M. winkleri 363 0.7% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5078 M. winkleri 364 0.3% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5077 M. winkleri 365 0.3% 99.2% 0.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5076 M. winkleri 366 5.6% 94.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5080 M. winkleri 367 1.6% 97.6% 0.8% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5079 M. winkleri 368 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5066 M. winkleri 369 1.9% 96.5% 1.6% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5058 M. winkleri 370 0.6% 93.8% 5.6% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5065 M. winkleri 371 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5081 M. winkleri 372 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5044 M. winkleri 373 0.3% 93.0% 6.7% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5047 M. winkleri 374 0.4% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5053 M. winkleri 375 1.5% 89.5% 9.0% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5052 M. winkleri 376 46.8% 1.8% 51.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.5 4.980 117.800
5086 M. winkleri 377 0.9% 98.6% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S1.10 4.980 117.800
5084 M. winkleri 378 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W10S3.6 4.980 117.800
4728 M. winkleri 379 0.8% 98.9% 0.4% Malaysia, Borneo, Sabah, Danum Valley, upper rhino ridge trail, R51 5.100 117.650
4729 M. winkleri 380 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, upper rhino ridge trail, R51 5.100 117.650
4727 M. winkleri 381 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Rhino ridge trail, R13-R14 5.100 117.650
5085 M. winkleri 382 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W8S5 4.980 117.800
2137 M. winkleri 383 0.3% 99.1% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, main trail W8 4.980 117.800
4981 M. winkleri 384 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 4.980 117.800
4979 M. winkleri 385 1.0% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 4.980 117.800
4982 M. winkleri 386 0.5% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 4.980 117.800
4980 M. winkleri 387 0.4% 99.0% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 4.950 117.810
4978 M. winkleri 388 0.5% 97.3% 2.2% Malaysia, Borneo, Sabah, Danum Valley, west grid, before R1 4.980 117.800
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4984 M. winkleri 389 1.0% 98.5% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, creek at R1 4.980 117.800
5037 M. winkleri 390 0.3% 0.4% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5036 M. winkleri 391 0.6% 0.6% 98.8% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5040 M. winkleri 392 0.3% 0.3% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5023 M. winkleri 393 0.2% 0.2% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5030 M. winkleri 394 0.2% 0.4% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5033 M. winkleri 395 0.6% 0.4% 99.1% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5031 M. winkleri 396 0.3% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5027 M. winkleri 397 0.5% 12.7% 86.7% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5028 M. winkleri 398 0.4% 0.4% 99.2% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5039 M. winkleri 399 0.3% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5034 M. winkleri 400 0.3% 0.4% 99.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5029 M. winkleri 401 0.2% 0.3% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5035 M. winkleri 402 0.3% 0.3% 99.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5032 M. winkleri 403 0.3% 0.4% 99.2% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5024 M. winkleri 404 0.4% 0.5% 99.1% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5025 M. winkleri 405 1.0% 0.5% 98.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5026 M. winkleri 406 0.6% 0.8% 98.7% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5041 M. winkleri 407 0.7% 0.6% 98.7% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
5042 M. winkleri 408 0.2% 0.3% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W7.8 4.980 117.800
3466 M. winkleri 409 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W7.5 4.980 117.800
3467 M. winkleri 410 0.4% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid W7.5 4.980 117.800
3468 M. winkleri 411 0.5% 99.0% 0.5% Malaysia, Borneo, Sabah, Danum Valley, west grid W7.5 4.980 117.800
5022 M. winkleri 412 1.2% 2.4% 96.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W5.8 4.980 117.800
5013 M. winkleri 413 0.2% 0.2% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W5N5.3 4.980 117.800
5015 M. winkleri 414 1.1% 0.4% 98.6% Malaysia, Borneo, Sabah, Danum Valley, west grid, W5N5.3 4.980 117.800
5016 M. winkleri 415 1.3% 0.6% 98.2% Malaysia, Borneo, Sabah, Danum Valley, west grid, W5N5.3 4.980 117.800
5014 M. winkleri 416 0.3% 0.9% 98.9% Malaysia, Borneo, Sabah, Danum Valley, west grid, W5N5.3 4.980 117.800
5021 M. winkleri 418 0.3% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, near W5 4.980 117.800
3998 M. winkleri 417 2.4% 28.1% 69.5% Malaysia, Borneo, Sabah, Danum Valley, west grid W5S5.3 4.980 117.800
6140 M. winkleri 419 0.3% 0.4% 99.3% Malaysia, Borneo, Sabah, Danum Valley, West grid, Plot 4 4.980 117.800
6163 M. winkleri 420 22.5% 33.1% 44.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 4.980 117.800
6169 M. winkleri 421 33.9% 5.2% 60.9% Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 4.980 117.800
6171 M. winkleri 422 7.8% 14.9% 77.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 4.980 117.800
6168 M. winkleri 423 22.3% 0.7% 77.0% Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 4.980 117.800
6170 M. winkleri 424 14.1% 19.4% 66.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 4.980 117.800
6164 M. winkleri 425 36.2% 6.9% 56.9% Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 4.980 117.800
6167 M. winkleri 426 8.4% 19.0% 72.6% Malaysia, Borneo, Sabah, Danum Valley, west grid, W4 4.980 117.800
6172 M. winkleri 427 19.7% 20.9% 59.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W3.5N5 4.980 117.800
6173 M. winkleri 428 26.8% 8.3% 65.0% Malaysia, Borneo, Sabah, Danum Valley, west grid, W3.5N5 4.980 117.800
6162 M. winkleri 429 0.2% 0.3% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W3.5N5 4.980 117.800
6165 M. winkleri 430 5.8% 31.2% 63.0% Malaysia, Borneo, Sabah, Danum Valley, west grid, W2.5 4.980 117.800
6166 M. winkleri 431 25.9% 1.4% 72.7% Malaysia, Borneo, Sabah, Danum Valley, west grid, W2.5 4.980 117.800
5198 M. winkleri 432 0.2% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W2 4.980 117.800
5200 M. winkleri 433 0.3% 0.3% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, W2 4.980 117.800
5199 M. winkleri 434 0.3% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, W2 4.980 117.800
4959 M. winkleri 435 0.2% 0.3% 99.5% Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 4.980 117.800
4961 M. winkleri 436 4.8% 94.9% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 4.980 117.800
4958 M. winkleri 437 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 4.980 117.800
4957 M. winkleri 438 6.3% 88.0% 5.8% Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 4.980 117.800
4960 M. winkleri 439 0.7% 97.3% 2.1% Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 4.980 117.800
4956 M. winkleri 440 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid, WON13 4.980 117.800
4533 M. winkleri 441 0.4% 96.3% 3.4% Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 4.980 117.800

4533b M. winkleri 442 0.4% 99.1% 0.4% Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 4.980 117.800

4533e M. winkleri 443 0.5% 98.6% 0.9% Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 4.980 117.800
4533f M. winkleri 444 1.7% 97.7% 0.6% Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 4.980 117.800
4533c M. winkleri 445 2.4% 96.4% 1.2% Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 4.980 117.800

4533a M. winkleri 446 2.4% 75.8% 21.8% Malaysia, Borneo, Sabah, Danum Valley, west grid WO nach N12 4.980 117.800
5009 M. winkleri 447 0.3% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 4.980 117.800
5008 M. winkleri 448 0.5% 0.7% 98.8% Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 4.980 117.800
5007 M. winkleri 449 0.7% 0.3% 99.0% Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 4.980 117.800
5010 M. winkleri 450 0.3% 0.3% 99.4% Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 4.980 117.800
5011 M. winkleri 451 0.7% 98.4% 0.9% Malaysia, Borneo, Sabah, Danum Valley, west grid, von WON7 4.980 117.800
4531 M. winkleri 452 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, west grid WO N5 after N10 4.980 117.800
4656 M. winkleri 453 0.5% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Elephant Ridge trail E15 4.950 117.810
4655 M. winkleri 454 0.5% 99.1% 0.4% Malaysia, Borneo, Sabah, Danum Valley, Elephant Ridge trail, 4.980 117.800
3959 M. winkleri 455 0.8% 98.9% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Sg. Segama, Elephant Ridge trail 4.950 117.800
4507 M. winkleri 456 0.8% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, east grid E14-15 4.980 117.800
3203 M. winkleri 457 22.6% 70.4% 7.0% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.980 117.870
3011 M. winkleri 458 25.2% 74.5% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
3039 M. winkleri 459 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
3040 M. winkleri 460 3.5% 91.8% 4.7% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
3041 M. winkleri 461 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
3010 M. winkleri 462 0.4% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
3042 M. winkleri 463 0.9% 98.5% 0.6% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
3013 M. winkleri 464 4.9% 94.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
3038 M. winkleri 465 1.2% 98.5% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.970 117.940
2968 M. winkleri 466 1.0% 32.1% 67.0% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.960 117.950
2987 M. winkleri 467 0.7% 98.8% 0.6% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.960 117.950
3061 M. winkleri 468 0.5% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 5.010 118.040
2988 M. winkleri 469 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road to Lahad Datu 4.960 117.950
5224 M. winkleri 470 0.9% 98.8% 0.4% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5227 M. winkleri 471 0.9% 97.7% 1.5% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5225 M. winkleri 472 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5226 M. winkleri 473 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5228 M. winkleri 474 0.6% 98.9% 0.4% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5231 M. winkleri 475 1.7% 91.6% 6.7% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5230 M. winkleri 476 1.1% 98.6% 0.3% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5223 M. winkleri 477 0.9% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
5229 M. winkleri 478 0.9% 98.8% 0.3% Malaysia, Borneo, Sabah, Danum Valley, north of road to Lahad Datu 4.990 117.960
2185 M. winkleri 479 0.4% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, 25 km to DVFC 4.970 117.950
2148 M. winkleri 480 0.3% 89.0% 10.7% Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, 6 km to DVFC 4.970 117.950
2206 M. winkleri 481 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, 23 km to DVFC 4.970 117.940
3385 M. winkleri 482 0.3% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, 1-2km to DVFC 4.970 117.820
3386 M. winkleri 483 3.8% 95.1% 1.1% Malaysia, Borneo, Sabah, Danum Valley, 1-2km to DVFC 4.970 117.820
2224 M. winkleri 484 1.0% 98.6% 0.5% Malaysia, Borneo, Sabah, Danum Valley, road Lahad Datu to DVFC, junction to DVFC 4.990 117.890
4616 M. winkleri 485 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office 4.980 117.800
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4618 M. winkleri 486 0.7% 97.9% 1.4% Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office 4.980 117.800
4617 M. winkleri 487 0.4% 99.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office 4.980 117.800
4620 M. winkleri 488 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office 4.980 117.800
4615 M. winkleri 489 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office 4.950 117.810
4619 M. winkleri 490 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, DVFC, gap close to office 4.950 117.810
6122 M. winkleri 491 27.2% 70.6% 2.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6123 M. winkleri 492 0.7% 98.7% 0.6% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6126 M. winkleri 493 0.8% 98.3% 0.9% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6125 M. winkleri 494 0.6% 98.7% 0.7% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6127 M. winkleri 495 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6124 M. winkleri 496 0.4% 98.8% 0.8% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6136 M. winkleri 497 1.0% 94.2% 4.8% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6133 M. winkleri 498 0.4% 99.3% 0.2% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6129 M. winkleri 499 1.4% 98.0% 0.7% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6134 M. winkleri 500 0.7% 98.3% 1.0% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6135 M. winkleri 501 4.3% 95.4% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6132 M. winkleri 502 0.4% 99.1% 0.4% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6117 M. winkleri 503 1.0% 98.5% 0.5% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6137 M. winkleri 504 0.7% 98.9% 0.4% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6119 M. winkleri 505 0.3% 99.1% 0.6% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6139 M. winkleri 506 0.8% 98.7% 0.5% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6120 M. winkleri 507 0.4% 97.7% 1.9% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6121 M. winkleri 508 0.5% 99.1% 0.5% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6130 M. winkleri 509 0.4% 98.6% 1.0% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6128 M. winkleri 510 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6138 M. winkleri 511 0.4% 98.3% 1.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6131 M. winkleri 512 0.8% 98.6% 0.6% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6112 M. winkleri 513 0.8% 98.9% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6114 M. winkleri 514 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6113 M. winkleri 515 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6116 M. winkleri 516 0.5% 99.1% 0.4% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
6115 M. winkleri 517 1.1% 98.4% 0.5% Malaysia, Borneo, Sabah, Danum Valley, Tembaling trail 4.950 117.800
3106 M. winkleri 518 0.6% 95.1% 4.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail 4.950 117.810
4593 M. winkleri 519 0.9% 98.6% 0.6% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail 4.950 117.810
4597 M. winkleri 520 5.4% 94.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4602 M. winkleri 521 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4600 M. winkleri 522 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4599 M. winkleri 523 0.5% 98.2% 1.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4601 M. winkleri 524 0.8% 98.9% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4598 M. winkleri 525 1.4% 98.3% 0.4% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4595 M. winkleri 526 0.4% 98.6% 1.0% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4596 M. winkleri 527 0.5% 99.2% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4612 M. winkleri 528 0.6% 98.6% 0.8% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, waterfall 4.950 117.810
4486 M. winkleri 529 0.4% 97.8% 1.8% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chris plot 5 4.950 117.810
4495 M. winkleri 530 2.4% 97.3% 0.3% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chris plot 5 4.950 117.810
4487 M. winkleri 531 0.4% 98.0% 1.6% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chris plot 5 4.950 117.810
4594 M. winkleri 532 0.5% 98.6% 0.9% Malaysia, Borneo, Sabah, Danum Valley, Kuala Tembaling trail, Chrisplot 6 4.950 117.810
4286 M. winkleri 533 1.0% 98.7% 0.3% Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail 5.310 118.840
4290 M. winkleri 534 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail, gap 5.310 118.840
4291 M. winkleri 535 3.8% 95.9% 0.3% Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Lipad trail, gap 5.310 118.840
2051 M. winkleri 536 0.3% 54.0% 45.7% Malaysia, Borneo, Sabah, Luasong 4.630 117.380
5093 M. winkleri 537 4.8% 94.9% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area 4.400 117.890
5094 M. winkleri 538 1.3% 98.4% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area 4.400 117.890
5096 M. winkleri 539 0.6% 98.9% 0.4% Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area 4.400 117.890
5095 M. winkleri 540 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, picnic area 4.400 117.890
5159 M. winkleri 541 47.3% 49.3% 3.4% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs 4.400 117.890
5175 M. winkleri 542 23.3% 75.2% 1.5% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs 4.400 117.890
5194 M. winkleri 543 1.7% 97.9% 0.5% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs 4.400 117.890
5196 M. winkleri 544 0.8% 98.9% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs 4.400 117.890
5181 M. winkleri 545 0.6% 99.1% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs 4.400 117.890
5195 M. winkleri 546 1.6% 98.2% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to hot springs 4.400 117.890
5186 M. winkleri 547 0.7% 99.0% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas 4.400 117.890
5185 M. winkleri 548 0.6% 98.8% 0.6% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas 4.400 117.890
5187 M. winkleri 549 1.1% 98.6% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas 4.400 117.890
5184 M. winkleri 550 0.5% 95.3% 4.1% Malaysia, Borneo, Sabah, Tawau Hills Park, trail to waterfall Galas 4.400 117.890
5140 M. winkleri 551 1.0% 59.2% 39.8% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5142 M. winkleri 552 1.5% 98.2% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5143 M. winkleri 553 3.2% 96.4% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5139 M. winkleri 554 3.1% 96.6% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5141 M. winkleri 555 0.4% 99.3% 0.3% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5144 M. winkleri 556 1.5% 98.1% 0.4% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
1964 M. winkleri 557 0.005 0.991 0.003 Malaysia, Borneo, Sabah, Tawau Hills, Bukit Tawau 4.33 118
479 M. winkleri 558 0.006 0.99 0.004 Malaysia, Borneo, Sabah, Tawau Hills 4.33 118
1986 M. winkleri 559 0.008 0.99 0.003 Malaysia, Borneo, Sabah, Tawau Hills 4.33 118
1985 M. winkleri 560 0.004 0.993 0.003 Malaysia, Borneo, Sabah, Tawau Hills 4.33 118
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Appendix K Order ofM. tanariusindividuals for all bar plots created for both STRTURE and
INSTRUCT analyses, and percentages with which iddals are assigned to each cluster for K = 6
(STRUCTURE).

East/West e ot of individual assigned to cluster
Plant ID Individual Geographic of Crocker

Number _Species 1 bar) Identifier * Range’ K=l K=2 K=3 K=4 K5 K=6 Location Latitude _Longitude
448 M. tanarius 1 Malay Peninsula 14% 12% 12% 945% 09% 0.8% Malaysia, Peninsula, Pahang, Cameron Highlands, Tanah Rata 4.450 101.370
2734 M. tanarius 2 Malay Peninsula 09% 12% 0.9% 959% 05% 05% Malaysia, Peninsula, Selangor, FRIM, forest road 3.239 101.633
2743 M. tanarius 3 Malay Peninsula 11% 07% 0.8% 945% 0.6% 2.2% Malaysia, Peninsula, Selangor, FRIM, forest road 3.239 101.633
43 M. tanarius 4 Malay Peninsula 0.8% 3.6% 0.4% 944% 04% 0.3% Malaysia, Peninsula, Selangor, Kuala Lumpur 3.148 101.711
2682 M. tanarius 5 Malay Peninsula 03% 04% 0.4% 982% 0.3% 0.4% Malaysia, Peninsula, Selangor, Gombak Valley 3.320 101.750
6083 M. tanarius 6 Malay Peninsula 05% 06% 03% 97.9% 03% 0.3% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6084 M. tanarius 7 Malay Peninsula 23% 34% 23% 87.9% 15% 2.8% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6085 M. tanarius 8 Malay Peninsula 03% 04% 03% 97.9% 0.7% 0.4% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6086 M. tanarius 9 Malay Peninsula 0.7% 13% 09% 955% 0.7% 0.9% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6087 M. tanarius 10 Malay Peninsula 03% 05% 04% 974% 06% 0.8% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6088 M. tanarius 11 Malay Peninsula 04% 05% 05% 975% 06% 04% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6089 M. tanarius 12 Malay Peninsula 0.4% 0.6% 0.4% 91.7% 1.0% 5.7% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6090 M. tanarius 13 Malay Peninsula 0.6% 24% 0.6% 624% 0.5% 33.6% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6092 M. tanarius 14 Malay Peninsula 05% 15% 1.4% 942% 0.6% 1.8% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6093 M. tanarius 15 Malay Peninsula 13% 11% 0.8% 950% 1.1% 0.8% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6094 M. tanarius 16 Malay Peninsula 24% 12% 0.7% 926% 25% 0.6% Malaysia, Peninsula, Selangor, old Genting road, after pass 50 km to K.L. 3.340 101.820
6095 M. tanarius 17 Malay Peninsula 0.6% 04% 13% 966% 0.5% 0.5% Malaysia, Peninsula, Selangor, old Genting road, 43 km to K.L. 3.330 101.770
6096 M. tanarius 18 Malay Peninsula 06% 05% 09% 968% 0.7% 0.5% Malaysia, Peninsula, Selangor, old Genting road, 43 km to K.L. 3.330 101.770
6097 M. tanarius 19 Malay Peninsula 05% 07% 0.8% 96.0% 16% 05% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6098 M. tanarius 20 Malay Peninsula 02% 03% 03% 986% 03% 03% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6099 M. tanarius 21 Malay Peninsula 02% 03% 03% 986% 0.3% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6100 M. tanarius 22 Malay Peninsula 05% 04% 0.4% 98.0% 0.5% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6101 M. tanarius 23 Malay Peninsula 04% 11% 03% 969% 07% 0.6% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6102 M. tanarius 24 Malay Peninsula 26% 06% 11% 933% 14% 0.9% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6103 M. tanarius 25 Malay Peninsula 05% 31% 06% 833% 7.3% 5.2% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6104 M. tanarius 26 Malay Peninsula 04% 03% 03% 982% 05% 0.2% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6105 M. tanarius 27 Malay Peninsula 0.7% 04% 03% 981% 03% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6106 M. tanarius 28 Malay Peninsula 23% 15% 0.6% 947% 05% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6107 M. tanarius 29 Malay Peninsula 03% 06% 09% 97.3% 04% 05% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6108 M. tanarius 30 Malay Peninsula 11% 15% 1.2% 93.8% 19% 0.5% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6109 M. tanarius 31 Malay Peninsula 03% 03% 0.4% 984% 0.3% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6110 M. tanarius 32 Malay Peninsula 06% 06% 03% 975% 06% 04% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6111 M. tanarius 33 Malay Peninsula 04% 03% 04% 97.8% 07% 0.4% Malaysia, Peninsula, Selangor, old Genting road, 25 km to K.L. 3.330 101.760
6068 M. tanarius 34 Malay Peninsula 03% 04% 03% 984% 0.3% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6069 M. tanarius 35 Malay Peninsula 04% 05% 0.6% 953% 29% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6070 M. tanarius 36 Malay Peninsula 36% 11% 03% 942% 04% 05% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6071 M. tanarius 37 Malay Peninsula 0.8% 33% 04% 811% 45% 9.9% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6072 M. tanarius 38 Malay Peninsula 50% 0.8% 0.6% 928% 0.5% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6073 M. tanarius 39 Malay Peninsula 02% 03% 03% 987% 0.3% 0.2% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6074 M. tanarius 40 Malay Peninsula 03% 04% 03% 985% 03% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6075 M. tanarius 41 Malay Peninsula 0.8% 05% 02% 97.6% 07% 0.2% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6077 M. tanarius 42 Malay Peninsula 05% 15% 0.4% 96.7% 0.7% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6078 M. tanarius 43 Malay Peninsula 1.7% 08% 04% 96.0% 05% 0.6% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6079 M. tanarius 44 Malay Peninsula 04% 03% 03% 983% 04% 0.3% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6080 M. tanarius 45  Malay Peninsula 06% 06% 13% 96.3% 08% 04% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6081 M. tanarius 46  Malay Peninsula 03% 12% 06% 951% 06% 23% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
6082 M. tanarius 47  Malay Peninsula 47% 13% 13% 90.1% 1.6% 1.0% Malaysia, Peninsula, Selangor, old Genting road, 20 km to K.L. 3.310 101.740
41 M. tanarius 48 Malay Peninsula 03% 05% 0.4% 982% 0.3% 0.2% Malaysia, Peninsula, Pahang, Fraser's Hill 3.720 101.750
6001 M. tanarius 49 1 West 392% 7.3% 47.2% 0.6% 2.0% 3.6% Brunei, Tutong, 4.800 114.650
6002 M. tanarius 50 1 West 97.7% 05% 0.6% 04% 04% 0.5% Brunei, Tutong, 4.800 114.650
6929 M. tanarius 51 1 West 778% 3.7% 13.2% 05% 1.1% 3.7% Brunei, road BSB-S. Liang, km 64 4.876 114.879
6930 M. tanarius 52 1 West 956% 0.8% 0.9% 04% 09% 1.4% Brunei, road BSB-S. Liang, km 64 4.876 114.879
6931 M. tanarius 53 1 West 50% 08% 29% 04% 537% 37.2% Brunei, road BSB-S. Liang, km 64 4.876 114.879
28 M. tanarius 54 1 West 133% 1.3% 531% 08% 305% 1.0% Brunei, Bandar Seri Begawan 4.941 114.949
6922 M. tanarius 55 1 West 941% 14% 0.8% 04% 27% 0.6% Malaysia, Sarawak, Lawas 4.862 115.406
6924 M. tanarius 56 1 West 34.1% 459% 0.8% 0.4% 17.3% 1.5% Malaysia, Sarawak, Lawas 4.862 115.406
5232 M. tanarius 57 2 West 06% 21% 2.8% 04% 90.1% 4.0% Malaysia, Borneo, Sabah, Pulau Tiga Island 5731 115.652
5233 M. tanarius 58 2 West 4.9% 488% 22% 05% 40.8% 2.8% Malaysia, Borneo, Sabah, Pulau Tiga Island 5731 115.652
5234 M. tanarius 59 2 West 0.4% 92.0% 26% 23% 20% 0.7% Malaysia, Borneo, Sabah, Pulau Tiga Island 5.731 115.652
5235 M. tanarius 60 2 West 1.7% 84.1% 15% 03% 75% 4.8% Malaysia, Borneo, Sabah, Pulau Tiga Island 5.731 115.652
5236 M. tanarius 61 2 West 13% 09% 206% 11% 7.2% 68.9% Malaysia, Borneo, Sabah, Pulau Tiga Island 5.731 115.652
5237 M. tanarius 62 2 West 15% 57.8% 14% 05% 33.0% 57% Malaysia, Borneo, Sabah, Pulau Tiga Island 5731 115.652
5238 M. tanarius 63 2 West 9.3% 71.6% 3.1% 11% 128% 2.0% Malaysia, Borneo, Sabah, Pulau Tiga Island 5731 115.652
5239 M. tanarius 64 2 West 0.8% 46.1% 7.1% 6.1% 344% 55% Malaysia, Borneo, Sabah, Pulau Tiga Island 5.731 115.652
5240 M. tanarius 65 2 West 5.6% 748% 0.9% 04% 174% 0.9% Malaysia, Borneo, Sabah, Pulau Tiga Island 5.731 115.652
5241 M. tanarius 66 2 West 12% 31% 494% 03% 6.2% 39.9% Malaysia, Borneo, Sabah, Pulau Tiga Island 5731 115.652
5242 M. tanarius 67 2 West 15% 31.7% 1.3% 07% 61.3% 3.6% Malaysia, Borneo, Sabah, Pulau Tiga Island 5731 115.652
5243 M. tanarius 68 2 West 0.7% 33% 47% 03% 51% 859% Malaysia, Borneo, Sabah, Pulau Tiga Island 5.731 115.652
5244 M. tanarius 69 2 West 13% 234% 7.9% 06% 57.2% 9.6% Malaysia, Borneo, Sabah, Pulau Tiga Island 5.731 115.652
6190 M. tanarius 70 3 East 772% 9.6% 86% 05% 3.6% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6191 M. tanarius 713 East 87.8% 65% 11% 11% 09% 2.6% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6192 M. tanarius 72 3 East 93.4% 42% 0.8% 03% 06% 0.7% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6193 M. tanarius 73 3 East 947% 08% 0.6% 03% 07% 2.9% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6194 M. tanarius 74 3 East 96.1% 0.6% 1.5% 0.6% 07% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6195 M. tanarius 7% 3 East 86.0% 1.0% 0.6% 03% 28% 9.4% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6196 M. tanarius 76 3 East 916% 08% 1.1% 05% 55% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6197 M. tanarius 77 3 East 95.9% 1.0% 0.9% 03% 12% 0.7% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6198 M. tanarius 78 3 East 96.7% 05% 1.0% 03% 1.0% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6199 M. tanarius 79 3 East 28.9% 3.4% 285% 04% 10.9% 28.0% Malaysia, Borneo, Sabah, Tenom, Jalan Tumantalik, near river Pegalan 5.180 116.590
6176 M. tanarius 80 3 East 96.9% 08% 1.0% 03% 04% 0.6% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6177 M. tanarius 81 3 East 87.3% 10% 7.2% 05% 21% 2.0% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6178 M. tanarius 82 3 East 96.2% 1.0% 0.7% 02% 09% 1.0% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6179 M. tanarius 83 3 East 93.0% 21% 05% 03% 20% 21% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6180 M. tanarius 84 3 East 96.5% 0.6% 1.5% 02% 07% 0.4% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6181 M. tanarius 85 3 East 91.1% 1.7% 1.0% 02% 46% 14% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6182 M. tanarius 86 3 East 97.2% 06% 0.5% 02% 09% 0.6% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6183 M. tanarius 87 3 East 90.6% 2.8% 1.8% 08% 32% 0.7% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6184 M. tanarius 88 3 East 96.8% 05% 1.3% 02% 07% 0.4% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6185 M. tanarius 89 3 East 946% 12% 1.8% 02% 06% 1.6% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6186 M. tanarius 9 3 East 96.4% 0.8% 0.8% 03% 13% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6187 M. tanarius 91 3 East 775% 129% 0.6% 03% 7.1% 1.6% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6188 M. tanarius 92 3 East 951% 0.8% 1.5% 02% 15% 0.8% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6189 M. tanarius 93 3 East 84.6% 2.6% 1.6% 2.0% 82% 1.0% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6200 M. tanarius 94 3 East 96.8% 0.7% 0.8% 03% 09% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6201 M. tanarius 95 3 East 91.0% 12% 52% 04% 15% 0.7% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6202 M. tanarius 9% 3 East 93.3% 05% 31% 06% 17% 0.8% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6203 M. tanarius 97 3 East 80.6% 11.0% 3.8% 04% 27% 1.4% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6204 M. tanarius 98 3 East 92.4% 08% 2.6% 02% 06% 3.3% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6205 M. tanarius 99 3 East 96.7% 0.8% 0.5% 04% 11% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6206 M. tanarius 100 3 East 97.1% 1.0% 05% 03% 07% 0.5% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6207 M. tanarius 101 3 East 93.2% 16% 3.2% 0.6% 08% 0.6% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6208 M. tanarius 102 3 East 95.9% 09% 04% 04% 11% 1.3% Malaysia, Borneo, Sabah, Tenom, Jalan Bukit Bendera 5.210 116.570
6226 M. tanarius 103 3 East 487% 0.6% 0.5% 09% 489% 0.4% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6227 M. tanarius 104 3 East 951% 15% 1.0% 03% 12% 1.0% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6228 M. tanarius 105 3 East 912% 12% 1.3% 04% 22% 3.6% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6229 M. tanarius 106 3 East 922% 40% 0.8% 09% 15% 0.6% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6230 M. tanarius 107 3 East 97.2% 06% 0.6% 03% 08% 0.4% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6231 M. tanarius 108 3 East 96.5% 04% 1.4% 08% 04% 0.4% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6232 M. tanarius 109 3 East 97.2% 07% 0.6% 03% 06% 0.7% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6233 M. tanarius 110 3 East 975% 06% 05% 03% 05% 0.5% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6234 M. tanarius 111 3 East 96.6% 09% 0.9% 03% 08% 0.5% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6235 M. tanarius 112 3 East 97.0% 06% 0.5% 03% 05% 1.1% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6236 M. tanarius 13 3 East 19.2% 635% 115% 07% 4.1% 1.0% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6237 M. tanarius 114 3 East 958% 1.0% 1.6% 03% 05% 0.8% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.200 116.560
6209 M. tanarius 115 3 East 959% 12% 1.1% 03% 08% 0.7% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6210 M. tanarius 116 3 East 87.6% 22% 13% 04% 6.6% 1.9% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6211 M. tanarius 117 3 East 95.7% 0.8% 1.0% 14% 0.6% 0.4% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6212 M. tanarius 118 3 East 93.9% 33% 06% 1.0% 06% 0.6% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6213 M. tanarius 119 3 East 96.2% 0.8% 1.0% 04% 09% 0.8% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6214 M. tanarius 120 3 East 88.4% 1.0% 1.0% 05% 09% 8.2% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
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. East / West Percent of individual assigned to cluster
Plant ID Individual ~ Geographic  of Crocker
Number _Species 1 bar Identifier * Range® K=1 K=2 K=8 K=4 K=5 K=6 Location Latitude __Longitude
6215 M. tanarius 121 3 East 89.0% 14% 75% 03% 0.6% 1.2% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6216 M. tanarius 122 3 East 97.2% 06% 0.7% 05% 0.6% 0.5% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6217 M. tanarius 123 3 East 97.1% 0.7% 05% 04% 0.7% 0.5% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6218 M. tanarius 124 3 East 922% 05% 0.6% 03% 1.7% 4.7% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6220 M. tanarius 125 3 East 97.0% 0.4% 04% 03% 0.7% 1.3% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6221 M. tanarius 126 3 East 95.1% 0.7% 09% 13% 15% 0.6% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6222 M. tanarius 127 3 East 959% 11% 1.0% 04% 0.8% 0.8% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6223 M. tanarius 128 3 East 82.0% 06% 05% 157% 0.5% 0.7% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6224 M. tanarius 129 3 East 946% 21% 08% 0.6% 13% 0.6% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6225 M. tanarius 130 3 East 91.3% 28% 21% 04% 2.0% 1.3% Malaysia, Borneo, Sabah, Tenom, Hill near Hotel Perkasa 5.210 116.560
6257 M. tanarius 131 4 West 4.4% 81.9% 10.1% 1.8% 04% 1.3% Malaysia, Borneo, Sabah, periphery of Beaufort 5.570 116.230
5863 M. tanarius 132 4 West 05% 51.8% 1.7% 10.7% 34.4% 0.9% Malaysia, Sabah, 5 km to Kuala Penyu 5.564 115.600
5864 M. tanarius 133 4 West 0.8% 61.1% 3.7% 12.9% 20.7% 0.9% Malaysia, Sabah, 5 km to Kuala Penyu 5.564 115.600
6290 M. tanarius 134 5 West 0.7% 09% 97.2% 03% 05% 0.5% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6291 M. tanarius 135 5 West 09% 05% 96.7% 0.6% 0.5% 0.7% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6292 M. tanarius 136 5 West 08% 3.0% 288% 18% 64.6% 1.0% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6293 M. tanarius 137 5 West 21% 11.8% 820% 27% 0.7% 0.7% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6294 M. tanarius 138 5 West 27.1% 25% 31.9% 1.4% 342% 29% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6295 M. tanarius 139 5 West 1.7% 21.4% 616% 04% 7.5% 7.3% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6296 M. tanarius 140 5 West 04% 6.8% 904% 1.2% 0.6% 0.6% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6297 M. tanarius 141 5 West 0.9% 39.8% 525% 4.9% 0.6% 1.2% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6298 M. tanarius 142 5 West 10% 88% 86.1% 04% 1.1% 2.6% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6299 M. tanarius 143 5 West 08% 15% 951% 0.3% 0.8% 1.4% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6300 M. tanarius 144 5 West 2.7% 17.1% 776% 05% 0.6% 1.5% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6301 M. tanarius 145 5 West 20% 42% 875% 0.7% 1.6% 3.9% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6302 M. tanarius 146 5 West 0.7% 41.1% 472% 0.4% 9.8% 0.8% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6303 M. tanarius 147 5 West 05% 50% 91.1% 04% 15% 1.4% Malaysia, Borneo, Sabah, near Kota Kinabalu, Pulau Gaya 6.020 116.080
6342 M. tanarius 148 5 West 21% 09% 933% 13% 0.8% 16% Malaysia, Borneo, Sabah, Putera Jaya 6.120 116.310
6343 M. tanarius 149 5 West 3.7% 286% 59.9% 04% 1.7% 5.7% Malaysia, Borneo, Sabah, Putera Jaya 6.120 116.310
6258 M. tanarius 150 5 West 06% 09% 97.0% 03% 0.7% 0.4% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6259 M. tanarius 151 5 West 16% 0.7% 90.2% 4.7% 15% 1.3% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6260 M. tanarius 152 5 West 0.7% 33% 850% 0.8% 2.0% 8.2% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6261 M. tanarius 153 5 West 61.6% 8.9% 215% 0.3% 3.3% 4.4% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6262 M. tanarius 154 5 West 05% 05% 97.7% 03% 0.6% 0.5% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6263 M. tanarius 155 5 West 05% 05% 97.7% 03% 0.6% 0.5% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6264 M. tanarius 156 5 West 04% 05% 97.3% 0.2% 0.4% 1.1% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6265 M. tanarius 157 5 West 2.2% 34.4% 220% 03% 1.0% 40.0% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6266 M. tanarius 158 5 West 09% 05% 97.0% 03% 0.7% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6267 M. tanarius 159 5 West 08% 05% 958% 0.3% 1.4% 1.2% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6268 M. tanarius 160 5 West 06% 05% 97.0% 03% 0.7% 0.9% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6269 M. tanarius 161 5 West 20% 0.7% 954% 03% 0.6% 0.9% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6270 M. tanarius 162 5 West 11% 87.7% 6.8% 21% 0.6% 1.8% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6271 M. tanarius 163 5 West 04% 05% 98.1% 0.2% 0.4% 0.4% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6272 M. tanarius 164 5 West 08% 0.7% 96.7% 0.4% 0.8% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6273 M. tanarius 165 5 West 06% 08% 954% 04% 1.7% 1.1% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6274 M. tanarius 166 5 West 1.0% 15% 946% 1.8% 0.6% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6275 M. tanarius 167 5 West 95% 35% 848% 04% 1.0% 0.8% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6276 M. tanarius 168 5 West 06% 13.7% 47.9% 03% 0.8% 36.6% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6277 M. tanarius 169 5 West 24% 09% 914% 15% 3.1% 0.7% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6278 M. tanarius 170 5 West 31% 19% 91.7% 04% 0.7% 2.2% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6279 M. tanarius 171 5 West 04% 06% 975% 0.2% 0.4% 0.9% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6280 M. tanarius 172 5 West 11% 20% 942% 04% 1.2% 1.1% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6281 M. tanarius 173 5 West 1.1% 08% 953% 04% 1.0% 15% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6282 M. tanarius 174 5 West 13% 124% 838% 0.6% 1.3% 0.7% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6283 M. tanarius 175 5 West 13% 25% 905% 03% 1.0% 4.3% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6284 M. tanarius 176 5 West 9.9% 23% 852% 1.2% 0.8% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6285 M. tanarius 177 5 West 15% 6.3% 332% 89% 43.7% 6.5% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6286 M. tanarius 178 5 West 04% 06% 97.7% 0.4% 0.4% 0.5% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6287 M. tanarius 179 5 West 20% 27% 733% 04% 157% 5.9% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6288 M. tanarius 180 5 West 04% 15% 96.7% 0.3% 05% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6289 M. tanarius 181 5 West 53% 08% 89.0% 0.6% 3.0% 14% Malaysia, Borneo, Sabah, Kota Kinabalu, periphery 6.640 116.130
6317 M. tanarius 182 5 West 1.1% 38% 922% 0.7% 15% 0.7% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.080
6318 M. tanarius 183 5 West 1.0% 09% 91.8% 0.6% 2.0% 3.6% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.080
6319 M. tanarius 184 5 West 12% 09% 953% 0.4% 1.3% 0.9% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.080
6320 M. tanarius 185 5 West 10% 33% 91.2% 0.4% 0.8% 3.3% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.080
6175 M. tanarius 186 5 West 1.2% 6.9% 875% 03% 11% 3.0% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6308 M. tanarius 187 5 West 09% 172% 733% 56% 15% 14% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6309 M. tanarius 188 5 West 9.6% 6.7% 788% 0.4% 1.8% 2.7% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6310 M. tanarius 189 5 West 12% 14.1% 67.9% 0.6% 1.2% 15.0% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6311 M. tanarius 190 5 West 0.5% 1.0% 422% 4.4% 51.4% 05% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6312 M. tanarius 191 5 West 71% 19% 885% 03% 0.9% 1.3% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6313 M. tanarius 192 5 West 3.3% 239% 71.0% 03% 0.8% 06% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6314 M. tanarius 193 5 West 3.3% 57.4% 29.8% 1.0% 5.3% 3.1% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6315 M. tanarius 194 5 West 3.8% 19% 925% 03% 0.8% 0.7% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6316 M. tanarius 195 5 West 1.7% 08% 954% 0.4% 1.0% 0.7% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6321 M. tanarius 196 5 West 0.6% 63.1% 30.9% 14% 1.1% 28% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6322 M. tanarius 197 5 West 05% 12% 66.6% 1.1% 29.0% 1.5% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6323 M. tanarius 198 5 West 1.0% 1.0% 949% 06% 22% 0.5% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6324 M. tanarius 199 5 West 128% 3.4% 79.0% 04% 13% 3.1% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6325 M. tanarius 200 5 West 06% 08% 97.4% 03% 05% 0.4% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6326 M. tanarius 201 5 West 14% 444% 176% 0.2% 0.4% 36.0% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6327 M. tanarius 202 5 West 16% 14% 889% 04% 6.9% 0.7% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6328 M. tanarius 203 5 West 51% 24% 895% 05% 1.6% 0.9% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6329 M. tanarius 204 5 West 42% 1.9% 90.6% 03% 24% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6330 M. tanarius 205 5 West 06% 7.8% 886% 16% 06% 0.8% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6331 M. tanarius 206 5 West 06% 3.1% 923% 14% 1.8% 0.8% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6332 M. tanarius 207 5 West 06% 10% 96.4% 03% 1.1% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6333 M. tanarius 208 5 West 28% 24% 931% 03% 05% 0.8% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6334 M. tanarius 209 5 West 23% 76% 831% 03% 51% 1.6% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6335 M. tanarius 210 5 West 0.7% 19% 939% 03% 0.9% 2.3% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6336 M. tanarius 211 5 West 14% 14% 947% 09% 1.2% 0.5% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6337 M. tanarius 212 5 West 35% 09% 89.7% 4.4% 1.0% 0.6% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6338 M. tanarius 213 5 West 57% 32% 684% 0.6% 21.3% 0.8% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6339 M. tanarius 214 5 West 0.6% 245% 719% 16% 05% 1.0% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6340 M. tanarius 215 5 West 3.0% 62% 888% 04% 0.8% 0.8% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6341 M. tanarius 216 5 West 1.7% 41% 844% 11% 8.0% 0.7% Malaysia, Borneo, Sabah, Kota Kinabalu, near Padang 6.640 116.130
6344 M. tanarius 217 6 West 19% 772% 184% 1.1% 0.8% 0.6% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.130
6345 M. tanarius 218 6 West 1.0% 96.3% 06% 03% 0.6% 1.1% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.130
6346 M. tanarius 219 6 West 1.4% 833% 13.0% 0.7% 0.9% 0.7% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6347 M. tanarius 220 6 West 6.3% 745% 134% 0.8% 4.0% 1.0% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6348 M. tanarius 221 6 West 0.7% 96.9% 0.7% 04% 0.7% 0.6% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6349 M. tanarius 222 6 West 6.0% 904% 12% 0.9% 1.0% 0.5% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6350 M. tanarius 223 6 West 0.7% 96.6% 12% 0.4% 04% 0.6% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6351 M. tanarius 224 6 West 43% 922% 06% 10% 11% 0.7% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6352 M. tanarius 225 6 West 1.1% 954% 13% 04% 1.4% 0.4% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6353 M. tanarius 226 6 West 0.5% 98.0% 05% 0.3% 0.3% 0.3% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6354 M. tanarius 227 6 West 53% 91.9% 07% 03% 0.8% 0.9% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6355 M. tanarius 228 6 West 05% 975% 06% 05% 0.4% 0.4% Malaysia, Borneo, Sabah, from KK towards Kota Belud 6.240 116.460
6356 M. tanarius 229 6 West 28.0% 525% 2.7% 0.6% 1.5% 14.8% Malaysia, Borneo, Sabah, South of Kota Belud 6.640 116.650
6357 M. tanarius 230 6 West 8.1% 809% 49% 09% 29% 2.3% Malaysia, Borneo, Sabah, South of Kota Belud 6.640 116.650
6358 M. tanarius 231 6 West 0.7% 685% 85% 1.0% 5.9% 154% Malaysia, Borneo, Sabah, South of Kota Belud 6.640 116.650
6359 M. tanarius 232 6 West 7.2% 817% 3.6% 3.6% 23% 16% Malaysia, Borneo, Sabah, South of Kota Belud 6.640 116.650
6370 M. tanarius 233 6 West 0.7% 889% 20% 0.7% 3.5% 4.1% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.130
6371 M. tanarius 234 6 West 0.7% 909% 35% 0.4% 04% 4.1% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.130
6372 M. tanarius 235 6 West 7.7% 87.0% 28% 0.9% 0.4% 12% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.130
6373 M. tanarius 236 6 West 0.9% 439% 28% 0.7% 31.2% 20.5% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.130
6374 M. tanarius 237 6 West 1.7% 235% 145% 0.3% 0.8% 59.2% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.130
6375 M. tanarius 238 6 West 15.4% 62.6% 11.6% 2.2% 14% 6.8% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.130
6377 M. tanarius 239 6 West 13.7% 54.1% 28.9% 0.4% 1.0% 2.0% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.460
6378 M. tanarius 240 6 West 79.3% 122% 1.8% 0.5% 45% 1.7% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.460
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Plant ID Individual ~ Geographic  of Crocker

Number _Species 1 bar Identifier * Range” K=1 K=2 K=3 K=4 K=5 K=6  Location Latitude __Longitude
6360 M. tanarius 241 6 West 47% 90.9% 1.7% 0.3% 12% 1.1% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6361 M. tanarius 242 6 West 159% 652% 85% 04% 9.3% 0.7% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6362 M. tanarius 243 6 West 58.4% 7.5% 05% 2.0% 2.7% 28.9% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6363 M. tanarius 244 6 West 846% 75% 19% 3.8% 14% 0.9% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6364 M. tanarius 245 6 West 27.9% 188% 50.9% 0.4% 15% 0.6% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6365 M. tanarius 246 6 West 18% 775% 17.3% 03% 05% 25% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6366 M. tanarius 247 6 West 250% 9.2% 9.9% 0.6% 51.5% 3.8% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6367 M. tanarius 248 6 West 18% 75% 16% 0.6% 86.1% 2.3% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6369 M. tanarius 249 6 West 05% 792% 85% 09% 6.3% 4.8% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6376 M. tanarius 250 6 West 33% 12.7% 22% 0.3% 67.9% 13.5% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.630 116.680
6379 M. tanarius 251 6 West 915% 33% 26% 0.6% 09% 1.0% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.640 116.680
6380 M. tanarius 252 6 West 25.0% 342% 35% 0.3% 3.1% 33.9% Malaysia, Borneo, Sabah, Kota Belud, near Siu Motel 6.640 116.680
6387 M. tanarius 253 6 West 74% 795% 26% 0.3% 8.8% 15% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.660
6384 M. tanarius 254 6 West 21% 17.2% 181% 0.6% 25% 59.3% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.680
6385 M. tanarius 255 6 West 16% 605% 7.2% 13% 21% 27.2% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.680
6394 M. tanarius 256 6 West 36.4% 40.1% 10.2% 2.1% 2.0% 9.2% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.630 116.680
6382 M. tanarius 257 6 West 0.7% 941% 35% 03% 05% 0.9% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.750
6383 M. tanarius 258 6 West 34% 91.7% 15% 03% 1.2% 1.9% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.750
6388 M. tanarius 259 6 West 28% 98% 09% 04% 17.0% 69.1% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.750
6389 M. tanarius 260 6 West 26% 839% 32% 3.3% 0.6% 6.3% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.750
6390 M. tanarius 261 6 West 8.8% 56.4% 1.7% 0.4% 26.3% 6.6% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.750
6391 M. tanarius 262 6 West 16% 680% 49% 27% 21.8% 0.9% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.750
6393 M. tanarius 263 6 West 53.4% 259% 9.3% 0.9% 4.8% 5.7% Malaysia, Borneo, Sabah, Kota Belud, direction Kudat 6.600 116.750
6395 M. tanarius 264 6 West 3.0% 904% 29% 03% 1.8% 1.6% Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 6.280 116.500
6396 M. tanarius 265 6 West 44% 55.9% 158% 0.7% 7.2% 16.0% Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 6.280 116.500
6397 M. tanarius 266 6 West 48% 83.9% 1.8% 0.7% 3.6% 52% Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 6.280 116.500
6398 M. tanarius 267 6 West 0.8% 924% 19% 14% 1.8% 1.6% Malaysia, Borneo, Sabah, from KK to Ranau, stop 1 6.280 116.660
6399 M. tanarius 268 6 West 6.8% 39.8% 465% 1.1% 3.5% 24% Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 6.510 116.650
6400 M. tanarius 269 6 West 3.7% 941% 08% 03% 05% 0.5% Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 6.510 116.650
6401 M. tanarius 270 6 West 1.4% 79.3% 146% 0.6% 1.9% 2.3% Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 6.510 116.750
6402 M. tanarius 271 6 West 06% 89.1% 08% 03% 1.0% 8.1% Malaysia, Borneo, Sabah, from KK to Ranau, stop 2 6.510 116.750
6440 M. tanarius 272 7 East 05% 08% 24% 0.9% 2.7% 92.8% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 116.500
6441 M. tanarius 273 7 East 11% 12% 05% 0.4% 15% 95.4% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 116.650
6442 M. tanarius 274 7 East 19% 08% 07% 0.4% 2.1% 94.1% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 116.650
6439 M. tanarius 275 7 East 07% 09% 09% 03% 0.7% 96.6% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 116.750
6433 M. tanarius 276 7 East 58% 80.1% 0.7% 2.2% 3.6% 7.4% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6434 M. tanarius 277 7 East 0.7% 05% 09% 0.4% 0.5% 96.9% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6435 M. tanarius 2718 7 East 98% 15% 14% 12% 1.0% 85.0% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6436 M. tanarius 279 7 East 08% 11% 12% 0.6% 0.5% 95.9% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6437 M. tanarius 280 7 East 28% 855% 12% 0.8% 8.2% 1.6% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6438 M. tanarius 281 7 East 05% 0.7% 05% 4.1% 0.6% 93.6% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6443 M. tanarius 282 7 East 10% 07% 07% 0.4% 1.0% 96.2% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6444 M. tanarius 283 7 East 14% 59.0% 0.7% 1.1% 36.8% 1.0% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6445 M. tanarius 284 7 East 04% 06% 09% 14% 0.5% 96.2% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6446 M. tanarius 285 7 East 1.0% 105% 5.0% 0.3% 1.3% 81.9% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6447 M. tanarius 286 7 East 1.0% 81% 18% 04% 3.5% 85.1% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6448 M. tanarius 287 7 East 20% 40% 35% 05% 2.3% 87.7% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6450 M. tanarius 288 7 East 08% 18% 41% 15% 1.0% 90.7% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6451 M. tanarius 289 7 East 05% 08% 98% 0.3% 0.8% 87.8% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6452 M. tanarius 290 7 East 06% 06% 09% 03% 0.7% 96.8% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6453 M. tanarius 291 7 East 07% 16% 07% 0.9% 0.7% 95.4% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6457 M. tanarius 292 7 East 0.7% 08% 45% 0.9% 0.5% 92.6% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.200
6449 M. tanarius 293 7 East 11% 21% 04% 03% 1.1% 95.0% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.210
6454 M. tanarius 294 7 East 05% 04% 06% 0.2% 0.4% 97.8% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.210
6455 M. tanarius 295 7 East 56% 32% 23% 1.0% 0.6% 87.3% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.210
6456 M. tanarius 296 7 East 04% 06% 06% 05% 0.4% 97.4% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.210
6458 M. tanarius 297 7 East 1.0% 17.1% 11% 8.6% 3.2% 68.9% Malaysia, Borneo, Sabah, outskirts of Ranau 6.500 117.210
6030 M. tanarius 298 7 East 10% 08% 12% 03% 1.4% 95.3% Malaysia, Borneo, Sabah, Poring, staff quarters 6.070 116.720
6026 M. tanarius 299 7 East 04% 06% 09% 03% 05% 97.4% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6027 M. tanarius 300 7 East 11% 11% 05% 1.8% 2.6% 92.9% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6033 M. tanarius 301 7 East 06% 06% 05% 04% 0.9% 97.0% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6034 M. tanarius 302 7 East 0.7% 04% 05% 0.2% 1.7% 96.5% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6035 M. tanarius 303 7 East 04% 06% 12% 04% 0.6% 96.7% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6036 M. tanarius 304 7 East 06% 08% 08% 03% 0.7% 96.8% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6037 M. tanarius 305 7 East 04% 06% 135% 1.9% 0.4% 83.2% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6060 M. tanarius 306 7 East 0.7% 18% 08% 05% 0.9% 95.4% Malaysia, Borneo, Sabah, Poring, logging road 6.070 116.720
6043 M. tanarius 307 7 East 04% 06% 11% 18% 0.8% 95.3% Malaysia, Borneo, Sabah, Poring. Langanan 6.070 116.720
6031 M. tanarius 308 7 East 07% 14% 11% 03% 1.1% 954% Malaysia, Borneo, Sabah, Poring, Hot springs area 6.070 116.720
6029 M. tanarius 309 7 East 0.7% 0.7% 06% 03% 0.7% 97.0% Malaysia, Borneo, Sabah, Poring, Camp site 6.070 116.720
6032 M. tanarius 310 7 East 19% 24% 21% 13% 0.7% 91.5% Malaysia, Borneo, Sabah, Poring, Camp site 6.070 116.720
4334 M. tanarius 311 8 East 40% 213% 53% 03% 67.5% 16% Malaysia, Borneo, Sabah, Telupid, Jin. Microwave 5.650 117.210
6142 M. tanarius 312 9 East 0.7% 15% 11% 0.9% 95.1% 0.7% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6143 M. tanarius 313 9 East 08% 0.7% 1.7% 0.2% 93.8% 2.8% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6144 M. tanarius 314 9 East 3.7% 20% 26.7% 05% 57.0% 10.1% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6145 M. tanarius 315 9 East 16% 04% 06% 03% 96.7% 0.4% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6148 M. tanarius 316 9 East 03% 954% 03% 03% 2.6% 1.1% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6149 M. tanarius 317 9 East 09% 05% 13% 0.4% 93.4% 3.5% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6150 M. tanarius 318 9 East 09% 05% 06% 04% 96.7% 0.9% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6151 M. tanarius 319 9 East 06% 04% 05% 4.9% 93.1% 0.5% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6152 M. tanarius 320 9 East 19.0% 0.6% 09% 0.4% 78.6% 0.5% Malaysia, Borneo, Sabah, Danum Valley, road to Malua, junction to BRL 5.050 117.760
6161 M. tanarius 321 9 East 26% 36.7% 30.7% 1.6% 23.6% 4.8% Malaysia, Borneo, Sabah, Danum Valley, DVFC, exit 4.950 117.810
5211 M. tanarius 322 9 East 0.7% 06% 08% 0.4% 96.8% 0.8% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5212 M. tanarius 323 9 East 50% 13% 13% 1.0% 90.9% 0.5% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5213 M. tanarius 324 9 East 06% 04% 06% 16% 95.6% 1.2% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5214 M. tanarius 325 9 East 06% 04% 08% 0.3% 96.8% 1.1% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5215 M. tanarius 326 9 East 0.8% 1.0% 11% 0.3% 68.1% 28.7% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5216 M. tanarius 327 9 East 09% 05% 07% 0.3% 96.6% 1.0% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5217 M. tanarius 328 9 East 12% 06% 05% 0.2% 94.6% 2.7% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5218 M. tanarius 329 9 East 29% 1.0% 13% 0.6% 93.6% 0.7% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5219 M. tanarius 330 9 East 06% 9.7% 07% 1.0% 87.3% 0.7% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5220 M. tanarius 331 9 East 07% 0.7% 11% 0.3% 96.2% 1.0% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5221 M. tanarius 332 9 East 16% 07% 07% 0.3% 96.0% 0.6% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
5222 M. tanarius 333 9 East 03% 08% 04% 0.3% 97.8% 0.4% Malaysia, Borneo, Sabah, DV, logging site 2006, north of road to Lahad Datu 4.990 117.960
4302 M. tanarius 334 9 East 09% 12% 06% 0.4% 96.6% 0.4% Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Resort 5.310 118.840
4306 M. tanarius 335 9 East 05% 08% 12% 0.7% 96.4% 0.5% Malaysia, Borneo, Sabah, Tabin Wildlife Reserve, Resort 5.310 118.840
5119 M. tanarius 336 9 East 15% 04% 07% 0.4% 955% 1.5% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5120 M. tanarius 337 9 East 112% 21% 07% 1.0% 78.6% 6.4% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5121 M. tanarius 338 9 East 05% 22% 15% 05% 945% 0.7% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5123 M. tanarius 339 9 East 31% 07% 05% 0.3% 93.1% 22% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5124 M. tanarius 340 9 East 79% 9.0% 149% 1.0% 66.6% 0.6% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5125 M. tanarius 341 9 East 10.6% 19.8% 23% 0.4% 66.2% 0.6% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5128 M. tanarius 342 9 East 13% 08% 05% 0.3% 96.0% 1.1% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5129 M. tanarius 343 9 East 2.8% 27.9% 16.7% 18.1% 26.2% 82% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5130 M. tanarius 344 9 East 18% 24% 26% 0.8% 81.4% 11.0% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5131 M. tanarius 345 9 East 9.0% 09% 06% 1.9% 87.0% 0.6% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5132 M. tanarius 346 9 East 05% 59% 26% 05% 88.9% 18% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5133 M. tanarius 347 9 East 05% 1.0% 499% 0.3% 47.6% 0.6% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5134 M. tanarius 348 9 East 07% 06% 08% 0.4% 96.4% 1.1% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
5135 M. tanarius 349 9 East 0.8% 16.2% 38.9% 1.5% 38.2% 4.3% Malaysia, Borneo, Sabah, Tawau Hills Park, edge of oil palm plantation 4.390 117.890
305 M. tanarius 350 Java 0.7% 64.0% 03% 45% 29.2% 12% Indonesia, Java -7.655 110.723
1531 M. tanarius 351 Kalimantan East 1.7% 353% 05% 14.4% 12.0% 36.1% Indonesia, Borneo, E-Kalimantan, Samboja -0.980 116.930
1532 M. tanarius 352 Kalimantan East 88% 7.1% 09% 04% 27% 80.1% Indonesia, Borneo, E-Kalimantan, Samboja -0.980 116.930
1533 M. tanarius 353 Kalimantan East 4.1% 36.4% 0.6% 0.9% 12.6% 45.4% Indonesia, Borneo, E-Kalimantan, Samboja -0.980 116.930

1. The geographic identifier refers to Figure 3-5.
2. For Bornean individuals only.
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