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EEGEHE RNEREEERRIACHEELT 1 HHRE » £t
EEEREIIT - SRR ARt m SNBIE BRI - R RN RE B
B o [RINE - 5 HE - RSFPEEFEHY - DA - 58
2RI RA 70 EY TR R T R EEE (agriculture
package) , HEEZ IR 2 RFEMNEESE - FHH NEEELEE
B T#EEME (transported landscape) | KA E
EENES (B 1A) - it RER O R R B S REE R Ih i i
EARFEMNEREZ /NSRS (Matisoo-Smith 2009, Kirch
2010) -

A RH R & R AR LAY 2 EE S E R 15 B R
FEERE - E A YRy DNA thEdsl 7 5B ERE R 28 - fRHE
THRERGESE - Fh B ABEHEZ MY IIREER - 1994 4 -
H AT 24T 7 1 B 55 5F K22 (University of Otago) YY) AJH
BRIGFHR - L&A (Lisa Matisoo-Smith) BB AP " H4Y)
T HR R BT - DUORSE R B IR E R BB P et Bl (Rattus
exulans) HJDNA R T FM BiHc EBAIMIBET - & - B2 &
BEDIGE - # - WEEY o DUEAR  BE - FE T BE
FHUR I E - FEBH T R S B IR T T B A 5 S B ] 1) 46 A R o
(Matisoo-Smith 2009, Storey et al. 2013) - #Kifi » X Z B {H
AT S 4= W A 2 e VR A SR B R SO RFE N (A < s Ee )
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it AP o e A HEURH RS AR AR R - & St A BRI LB R R 2 3= 7Kk B
FHREAREIEHY TFT#E . (beater) fEfS R in¥TBIpIEE MBI (E
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tapa WIS RAR - iR K i B 8 7Y nn &% B 0 A A 5 R DR B A
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HEEENEARRT - (THRKE  RKEME - 779 2860 L BT gl (F
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RSN AL BRI AR KR (8 2C) - REERSEESH Y E
HEE -
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TS E - EARIE - HTHER ) - By TR TRV 2R
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ERRFREE - T " 380, TS B SR (& 1961) -

EE PR E BB T Sk Hy T iR ) HIRMTAGRE B R
TRBREYEE - AR tapa BB R EFERNES > AlEEH
A TE LR KO E AT IRy R (8 1C) - 4 /U B i
RECHE B e v na 25 5 5 A A 1 I LABAE tapa > MAEFTAIER
PN B RE A R BN AV T - e — AR E ]
2% PREENREYE > Bt SRR EEER AR o i
AREEEFELDAIGIA - tapa EANFHERAKPESRAEEHLE
HITCER - SRR SCE R 2% - AItBIEAALL - MEEA A
REARFF Hr EHVB BRI » N EACP A 12 A R A B AEY) - fF
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2008 FHEKR » AN ZERERMBRREEHERNESE
BRI ZE L AT R E S AR - B T K,
DIRER R E g 3 (phylogeography ) HIEF BB B HEMI G -
[EIRE » KPR IR B R d 8% Andrea Seelenfreund B4 {LE2
% Daniela Seelenfreund thiFE# & #EHFEERE o Foif9iE L5 EHK
HIES B EIRX » A2 R BAREES RSEPERRIE - BENEMEE - HE - B
B HAR S JEERE - FrRNE - 2B RN EERE - BREGR - K%
i ETREIR SR T RPEINE BB - PREE TEE 600 (SR EA

(Chang et al. 2015) -
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B 55 L E (L H Y N FAH R ) DNA 8 fy T OB A S B A
(haplotypes) - &% B G5 AU 5 M #5145 o 3 22 A1 2 38 /1 43 b7 1
A~ 3T ] B AU st B 45 A6 AW 9 & B (demographic) K&
SR (WENELKTEH) Y MR E - BB R
RIB P EREEE R M T ndhF £ rpl32 MERMFE (intergenic
spacer) HJ DNA FoIHEIE] 48 {EEHEFH - fE#0E 48 (EERE B
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REUR AP e st & B RS AR DR RE R E MR AR JE M T 3507 BSORGGE e &
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R R EZ SR AL ER R & -

SRIM > FHFA Chang et al. (2015) FYFZEAR AR DNA 2 T F
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B EE D) - Seelenfreund et al. (2016) 3#7 7 B B g aa
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1. Introduction

“The Origin and Spread of Austronesian-Speaking
Peoples” by Peter Bellwood (2021) and “The Genetic History of
Pacific Islanders” by Matthews Spriggs (2021) in this volume
are two topics closely related to the prehistories of Taiwan
and the Pacific as well as the theoretical justification for
the revitalization of Austronesian languages. These two
insightful and succinct reviews summarize recent advances
in historical linguistics, archaeology, and paleogenomics
underscoring the “Farming/Language Dispersal Hypothesis”,
supporting the “Out of Taiwan” hypothesis positing Taiwan
as the Austronesian homeland. Both scholars also emphasize
the complexity of the prehistory of the Neolithic colonization
into the Pacific, and the importance of integrating
interdisciplinary research. In this contribution, [ present how
studies of Pacific paper mulberry provide further evidence
from an ethnobotanical perspective for the Out of Taiwan

hypothesis.
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2. Commensal approach to the study of Austronesian
expansion and migration

When Neolithic humans shifted from hunter-gatherer
to sedentary farming communities, population growth as
the result of food production would intensify competition
for land. Under these dual pressures, farming communities
would inevitably migrate and expand, resulting in the
spread of languages as expounded by the Farming/Language
Dispersal Hypothesis. Ancestors of Austronesian-speaking
peoples (thereafter Austronesians) were farmers (Fig.
1A) and their transition from hunter-gathering into an
agricultural economy also entailed a close and symbiotic
relationship with plants and animals utilized. Consequently,
domesticated animals such as pigs, chickens, and dogs
as well as Pacific rats, and a suite of ca. 70 plant species,
such as breadfruits, taros, yams, and paper mulberry, that
constituted the Austronesian “agricultural package” were
also transported across Oceanic islands. Archaeologists
and anthropologists describe the spread of Austronesian
agriculture as “transported landscapes”, a strategy that had

maximized their chances of surviving in the increasingly
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resource depauperate island environments, facilitating their
successful colonization of Remote Oceanic islands (Matisoo-
Smith 2009, Kirch 2010).

Because those “commensal species” constituting the
agricultural package depended fully on Austronesian
ancestors to overcome the large expanses of water, their
DNA likely recorded traces of Austronesian migration,
providing the fourth category of evidence in addition to
historical linguistics, archaeology, and human genetics
that can test theories of Austronesian expansion and
migration. In 1994, Lisa Matisoo-Smith, currently a professor
of the University of Otago, New Zealand, pioneered the
phylogeographic studies of the Austronesian commensal
species, analyzing DNA variation of the Pacific rats (Rattus
exulans) to demonstrate the extraordinary navigation ability
of Polynesian seafarers. Subsequent studies of domestic
animals, including pigs and chickens, and crop species, such
as breadfruits, bananas, taros, coconuts, and sweet potatoes,
revealed complicated histories of colonization and inter-
island transportation (Matisoo-Smith 2009, Storey et al.
2013). However, as a majority of Austronesian commensal

specles introduced into the Pacific have their geographic
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origins in SE Asia and/or Near Oceania (e.g., New Guinea),
none of the aforementioned studies were able to test the “Out

of Taiwan” hypothesis.

Figure 1 A: A Polynesian village reconstructed in Kamakakuokalani Center for

Hawalian Studies, University of Hawai'i at Manoa; B: A Korafe (Tufi, Oro Province,
Papua New Guinea) lady dressing traditional cloth making tapa; C: 2018 Tufi Tapa
and Tattoo Festival; D: Paper mulberry plantation in Easter Island (Rapa Nui), Chile.
In Rapa Nui, paper mulberry is called Mahute.
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3. Felting Bark to Make Cloth

In the 18th Century, British Royal Navy Captain James
Cook was commissioned to make three voyages to the Pacific
Ocean. In his travel log, Cook carefully recorded all details
observed during the journeys, including an observation of
the Tahitian Cloth, which he wrote (Cook 1893:99-100):

I shall now describe their way of making Cloth, which, in my opinion, is the only
Curious manufacture they have. All their Cloth is, I believe, made from the Bark
of Trees; the finest is made from a plant which they Cultivate for no other purpose.
Dr. Solander think it is the same plant the bark of which the Chinese make paper
of. They let this plant grow till it is about 6 or 8 feet high, the Stem is then abour as
thick as onc’s Thunb or thicker; after chis they cut it down and lay it a Certain time
in water. This makes the Bark strip off casy, the outside of which is scraped off with
arough Shell. After this is done it looks like long strips of ragged linen; these they
lay together, by means of a fine paste made of some sort of a root, to the Breadch
of a yard more or less, and in length 6, 8 or 10 Yards or more according to the use it
is for. After it is thus put together it is beat out to its proper breadth and fineness,
upon a long square piece of wood, with wooden beaters, the Cloth being kept wet
all the time. The beaters are made of hardwood with four square sides, are about 3

or 4 inches broad and cut into grooves of different fineness; this makes the Cloth
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look at first sight as if it was wove with thread, but I believe the principal use of the
Grooves is to facilitate the bcating it out, in the doing of which thcy often beat
holes in it, or one place thinner than another; buc this is casily rcpaired by pasting on
small bits, and chis they do in such a manner chat the Cloth is not the least injured.

The finest sort when bleached is very white and comes nearest to fine Cotton.

Tapa, or bark cloth, is a non-woven textile made of tree
bark via beating (Fig. 1B). Bark cloth is found in West Africa,
Southeast Asia, Oceania, and Latin America; however, it is
the tapa of the Pacific that is most widely known (Chang
2011). Prior to the introduction of western weaving textiles,
tapa was essential to Pacific daily life, having been used
for clothing, decoration, room partitioning, and arts and
crafts (Fig. 1C). In the Pacific, although many species of the
Mulberry Family (Moraceae), such as breadfruits (Artocarpus
spp.), fig trees (Ficus spp.), paper mulberry as well as Hibiscus
tiliaceus of the Mallow Family (Malvaceae) can be used to
make bark cloth, paper mulberry (Broussonetia papyrifera) has
been the most widely and commonly used tree, producing

the finest tapa cloth (Chang 2011).
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4. Most common and yet neglected plant species in
Taiwan

Paper mulberry [Broussonetia papyrifera (L.) L'Hér. ex Vent.]
1s a dioecious (Fig. 2) tree species of the Mulberry Family
widely distributed in China, Indochina, Taiwan, and Korea.
Because of its fast growing and extremely long fiber in the
inner bark, paper mulberry has long been introduced to Japan,
Europe, United States, and the Pacific islands, becoming
invasive plants in countries such as Pakistan and the
Philippines (Chung et al. 2017). In Taiwan, paper mulberry can
be found almost everywhere in both urban and rural areas:
on roadsides, wall corners, sidewalks, wasteland, riverbanks,
and mountain paths. Arguably, paper mulberry is the most
common and yet neglected plant species in Taiwan. Paper
mulberry leaves, as well as petioles and young branches,
are hairy, coarse, and fibrous, and they are favorable food
for deer and goats. Consequently, paper mulberry is often
called “Luzishu FEfF# [deer tree]” by Taiwanese locals. In June
and July, the soft and juicy tissues of mature fruits of paper
mulberry are abundantly available, providing a summer feast

for birds and small mammals (Fig. 2C).
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Figure 2 Paper mulberry is a dioecious tree species. A: Female paper mulberry tree in

full blossom; B: A close-up of female inflorescences; C: A Taiwan Barbet feeding on
fruits of paper mulberry; D: Wilted female inflorescences of a paper mulberry tree
in Eastern Highlands Province, Papua New Guinea; E: Male paper mulberry tree in
full blossom; F: Male inflorescences; G: A close-up of a male inflorescence.

Paper mulberry has been utilized for millenia. In the
existing oldest collection of Chinese poetry Shijing Ff#& [Book

of Poetry] (1046-771 BC), paper mulberry was recorded in a
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verse of He-Ming #8715 [Crane cries], Xiao-ya /N [Minor odes
of the kingdom] as “Le Bi Zhi Yuan, Yu You Shu Tan, Qi Xia Wei
Gu 2892 & ~ ZHMIE - H T #EE [Pleasant is that garden, In
which are the sandal trees; But beneath them is the paper
mulberry (https://ctext.org/book-of-poetry/he-ming)]”. The
verse uses two multi-purpose tree species “sandalwood”
and “paper mulberry” as metaphors for gifted persons,
implying a desire to recruit talents. Indeed, paper mulberry
leaves are not only highly praised as deer and pig fodder, its
leaves, seeds, latex, and even bark are valuable traditional
medicine. Because it is fast growing, paper mulberry has also
been widely introduced for quick afforestation and erosion
control. Consequently, it has become an invasive species in
many parts of the world (Chung et al. 2017). However, paper
mulberry’s most important property is its extremely long
fiber in the inner bark, making it an exceptional fiber crop.
Lu Chi B ¥% (261-303 AD), a scholar born in Wu of the
Three Kingdoms Period (220-280 AD), explained the word Gu
# in his Shih Shu #f i [Annotation of the Book of Poetry]. Lu
annotated that Gu % is synonymous with paper mulberry,
which was still used by Jiangnan JI. Fd peoples during the

Three Kingdoms Period for felting into cloth and beating into
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paper. While it has been long known that paper mulberry was
used to make paper during the period and the tree remains
the most important resource for making Mianzhi ###f [cotton
paper| and for calligraphy up to now, exactly what “felting
into cloth” means remains controversial. Ethnologist Ling
Shun-Sheng # #fi # surmised that the “cloth” is what was
recorded in Vol. 129 of Shih chi i [The Historical Memoirs]
(90 BC) as tapu #& i , identical as the cloth made of paper
mulberry tree bark known as tapa in the Pacific. Although
Tsai Lun %% f@ (63-121 AD), a eunuch in the Eastern Han
Dynasty (25-220 AD), has long been accredited for inventing
the paper-making technique using rags, fishing nets and
other materials, Ling (1961) argued that those materials
were actually made of the bark fiber of paper mulberry
trees. Given that the making of bark cloth still existed in the
Jiangnan area where Tsal Lun was born, he might have been
inspired by the process of bark cloth-making and eventually
“invented” the technique that produced the Tsaihou Chih ££f&
#f [paper of Marquis Tsai].

Though tapu recorded in ancient Chinese literature
has long gone, tapa was once essential for Austronesians’

daily lives and still remains culturally irreplaceable in
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the Pacific up to now (Fig. 1C). As documented in Captain
Cook’s travel log, paper mulberry was widely planted
across the Pacific in the 18th Century as prime material
for making tapa, presenting the only commensal species
that 1s native to East Asia, and which 1s suitable for testing
the “Out of Taiwan” hypothesis of Austronesian expansion
and migration. With the introduction of western weaving
textiles, tapa is no longer used for day-to-day life in the
Pacific and tapa culture has disappeared from many Pacific
Islands. However, because of its rarity, paper mulberry is
more likely to preserve the genetic legacy of the ancient
migration. Moreover, because there is no close relative of
paper mulberry in the Pacific, the possibility of interspecific

hybridization can be precluded.

5. Austronesian migration recorded in paper
mulberry DNA

In spring 2008, the author received an invitation from Chi-
Shan Chang ik % # of the National Prehistory Museum [ 77
28 9 g Y B to test hypotheses of Austronesian expansion

and migration from the “clothing” perspective using
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phylogeography of paper mulberry. Concurrently, Chilean
archaeologist Andrea Seelenfreund and biochemist Daniela
Seelenfreund independently conceived a similar idea.
Together, our international interdisciplinary collaboration
embarked on fleldwork across the Pacific, collecting more
than 600 paper mulberry trees from Taiwan, China, Vietnam,
Japan, the Philippines, New Guinea, Fiji, Tonga, Samoa,
Hawalii, Tahiti, Rapa Nuli, etc. (Chang et al. 2015).

DNA sequences mutate occasionally during the process
of replication, resulting in different “haplotypes” that are a
group of DNA sequences inherited from a common ancestor
and yet differing slightly in their sequences. Phylogeography
alms to research what demographic and/or historical events
have generated the observed geographic distribution of
haplotypes within and among closely related species. By
sequencing the intergenic spacer between the genes ndhF
and rpl32 of the maternally inherited chloroplast genome, 48
haplotypes were detected in the 604 sampled paper mulberry
trees (Chang et al. 2015). Figure 3 shows the sampling
localities and the evolutionary relationship of the 48
haplotypes. As shown in Fig. 3, China, Talwan, and Indochina

have the highest number of haplotypes, indicating that
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these areas are indeed the native distribution range of paper
mulberry as predicted by evolutionary theories. Compared to
the native range, Pacific paper mulberry trees are genetically
homogeneous and predominately carry haplotype cp-17
(red haplotype). Except for the Pacific, cp-17 1s found only
in southern Taiwan. Because cp-17 1s a tip haplotype of
the clade composed of cp-9 to cp-19 that are exclusively
distributed in Taiwan, the Pacific cp-17 has an unambiguous
geographic origin from Talwan, indicating that Taiwan
1s the homeland of the Pacific paper mulberry trees and
providing the first ethnobotanical support of a commensal
species concurring with the prediction of the out of Taiwan
hypothesis of Austronesian expansion and migration (Chang
et al. 2015).

Subsequently, a molecular marker that can identify
paper mulberry sex was developed using a duplex PCR
protocol based on the male-specific sequence (Penailillo et
al. 2016). After analyzing more than 300 samples collected
from Sulawesi to all across Oceania, Penailillo et al. (2016)
showed that all Pacific paper mulberry trees carrying
haplotype cp-17 are female (Fig. 4), indicating the absence

of sexual reproduction, congruent with the historical
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account on the clonal propagation and anthropogenic
introduction of the Pacific paper mulberry, corroborating
Chang et al. (2015) in supporting Taiwan as the ancestral
homeland for both Austronesians and the Pacific paper
mulberry.

However, because the chloroplast ndhF-rpl32 intergenic
spacer lacks genetic variation needed to reconstruct
the detailed route and chronology of the transportation
of Pacific paper mulberry, results inferred from Chang
et al. (2015) cannot rule out the possibility of recent
introduction via modern international trades. This concern
was first addressed by analyses of a bundle of ancient
tapa discovered at a cave on the Agakauital Island of the
Gambier Archipelago, French Polynesia (Seelenfreund
et al. 2016). Using a species-specific molecular marker,
the tapa was shown to be made of paper mulberry. Based
on an Accelerator Mass Spectrometry (AMS), the dating
suggests that the tapa was made in the 17th Century before
islanders’ first contact with Europeans (Seelenfreund et al.
2016).

To further elucidate the history of paper mulberry’s

introduction into the Pacific, we reconstructed a dated
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phylogeny (i.e., chronogram) based on whole chloroplast
genome sequences assembled using the next-generation
sequencing (NGS) technology. Figure 5 shows a preliminary
result presented in the 2019 International Austronesian
Language Revitalization Forum. In this analysis, we sampled
13 Pacific paper mulberry trees that are all female and carry
cp-17 haplotype or its derived haplotypes cp-49 and cp-51
(red samples in Fig. 5), calibrated with the proposed date of
first settlement to Rapa Nul 1300+200 years before present
(BP). As shown in Figure 5, all 13 Pacific samples are grouped
together with cp-17 of Taiwan placed as the basal “sister
group” separating from the Pacific Group ca. 5,400 BP. Within
the Pacific Group, Sulawesi in turn is placed as a basal
sister group to the Remote Oceanic Group separating from
the former 5,080 BP. The Remote Oceanic Group is placed
in two groups A and B, separating at 3,834 BP. In Group A,
Fijian samples are closely related to Tongan samples and
the Hawaiian sample is placed as sister to the Wallis sample.
In Group B, the Fijian sample and two Tahitian samples are
placed as successive basal sister groups to Easter Island
samples. Our analysis suggests that paper mulberry was

brought out of Taiwan 5,400 BP, arriving in Sulawesi 5,080
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seafaring, recording paths and chronology accompanying
Austroneslan expansion and migration from Talwan to
Remote Oceania (Fig. 5). Additionally, a sex marker showed
that all Pacific paper mulberry carrying cp-17 used for
making tapa are female (Penailillo et al. 2016), indicating
the clonal nature of the Pacific paper mulberry progagated
via root suckers by Austronesian ancestor across Remote
Oceanic islands. Our studies of the Pacific paper mulberry
thus not only support the “out of Taiwan” hypothesis
but also confirm that the Austronesian ancestors were
farmers, corroborating the “Farming/Language Dispersal

Hypothesis.”

6. The Great Paper Mulberry—an Open Museum
Exhibition

Our studies of paper mulberry, one of the most common
and yet most neglected plant species of Taiwan, connect
biogeographical, archaeological, anthropological, historical
linguistic, and human genetic studies, demonstrating the
species as an Austronesian commensal species whose

DNA provides an unexpected and yet unambiguous
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support for the “out of Taiwan” hypothesis of Austronesian
expansion and migration. To make our series of studies
more accessible to the general public, an online exhibition
“The Great Paper Mulberry” was designed in the OPEN
MUSEUM website (http://openmuseum.tw/muse/exhibition
/9c9c5736e4d5d727e393b1f710c49bba) of Academia Sinica
Center for Digital Cultures (Chang & Chung 2019). Through
the three exhibitions titled “Rectification of Names”,
“Anthropological Journey of a Botanist”, and “Felting Bark
to Make Cloth”, we demonstrate how paper mulberry DNA
tells a story of Austronesian expansion and migration,
affirming paper mulberry as a genuine “Taiwan’s Gift to the
World” (Diamond 2000). In addition to conveying sclentific
knowledge, the exhibition also allows us, who are deeply
influenced by the Han Chinese culture, to think about and
explore the deeper meaning of Taiwan as an Austronesian

homeland.
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