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Preface

Maritime archaeology examines past human interaction with seas, rivers,
and fresh waters. It provides the means to assess various archaeological
remains, such as ship cargo and hull remains, within maritime archaeol-
ogy. However, apart from ship cargo studies, the East Asian regions dem-
onstrate a lack of research on ship hull remains. My broad aim in this
book is therefore to provide a better understanding of the history of ship
structures and construction methods that formed shipbuilding traditions
within the East Asian region over the centuries.

Two types of data are invoked as resources. The first consists of histori-
cal data related to the time period of the ship remains addressed. Written
information and pictorial resources describing ship configurations, char-
acteristics, and construction techniques have been reviewed. The contents
include historical texts such as travel records, written histories of the pe-
riod, and iconographic paintings and historical accounts of environmen-
tal conditions. Most of these have previously been studied by Chinese and
Japanese researchers as well as others working outside East Asia. They
have reviewed the history of East Asian ships and shipbuilding. Yet the
outcomes emerging from the respective different groups have not been
sufficiently addressed together. Hence, while the historical data in this
book are complementary to the archaeological approach, part of my aim
is also to integrate the historical material collectively into archaeological
study of East Asian shipbuilding traditions.

The primary resource for addressing the issue is archaeological data.
This book contains the most informative compilation of data on exca-
vated ships ever produced for East Asia. An inclusive data set of the ship
remains in East Asia is presented based on the Shipwreck ASIA project
supported by the Toyota Foundation (Kimura 2010b). This project has
pursued nautical archaeology highlighting regional themes and issues
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and is designed to collect accessible data on excavated ships in East Asia.
I have collected archaeological data including unpublished photographs
and drawings at repositories in the Western Australian Museum, Quan-
zhou Maritime Museum (Museum of Overseas Communication History)
in China, National Research Institute of Maritime Cultural Heritage (Na-
tional Maritime Museum) in Korea, and Buried Cultural Property Inves-
tigation Center of Takashima in Japan. Of these institutions, the three
in East Asia are all in the position of custodians for the remains of ships
that were constructed in the East China Sea region. Archaeological work
conducted on these ship remains has consisted of recording ship lines;
detailed recording of hull features and components, including taking
measurements and identifying fastener patterns, joinery patterns, and
construction sequence; sampling of timbers for wood species analysis and
radiocarbon dating; X-ray and CT scan analyses of the sampled wooden
timbers; and metallurgical studies to assess the quality of iron remains.

The data collected allowed me to trace hull structure and construction
methods in detail over time, which is important for clarifying technologi-
cal evolution in East Asian shipbuilding traditions. The focus on the hull
component is pursued with a theory highlighting technological innova-
tions and diffusions, rather than a focus on a linear evolutionary develop-
ment model. The concept of “hybridization” in shipbuilding technology,
initially highlighted by Pierre-Yves Manguin (1984) with an insistence on
the “South China Sea shipbuilding tradition,” is the basis for my perspec-
tive. In this book, however, I aim to provide a more holistic view by link-
ing more broadly the shipbuilding technologies developed in the Yellow
Sea, East China Sea, and South China Sea and explaining the historical
dynamics of the shipbuilding traditions in East Asia over the centuries.
This archaeological research thus pursues the distinctive regional ship-
building traditions yet also adds a new perspective to the existing body of
theoretical thought on the historical development of shipbuilding tradi-
tions in maritime archaeology.
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Dynamics of
East Asian Shipbuilding Traditions

Excavated ships are valuable resources for our understanding of the
seafaring past, early human life and behavior on board, and traditional
shipbuilding, as well as providing insight into the development of society,
technology, ideology, and material culture (Maarleveld 1995; Adams 2001;
Gibbins and Adams 2001; Staniforth 2002). The field of archaeology with
a specific focus on hull remains has lagged behind in East Asia, compared
to the growing body of studies in Europe and the United States in recent
decades (Basch 1972; Greenhill 1976; McGrail 1985; Steffy 1994; McGrail
2001). Few attempts have been made by local experts to use information
on excavated ships in the region as a data set for thematic research. The
chronological framework regarding the development of hull construction
techniques and structure is insufficiently understood in regional mari-
time history. This book is primarily aimed at filling that gap by qualita-
tively presenting the suite of available data on the excavated hulls of East
Asian ships. A further objective is to achieve a more comprehensive un-
derstanding of the structural characteristics of ships that once sailed along
the coasts of China, Korea, and Japan and those vessels that crossed the
waters between these nations. The archaeological data are derived from
excavated ships in the regions embraced by the Yellow Sea, the East China
Sea, and the South China Sea (map 1.1), ranging from the eleventh to the
fifteenth century. Using these data, I explore the long-term dynamics of
East Asian shipbuilding traditions with a focus on technological innova-
tions that are relevant to the individual seas.

Historiography of the East Asian Shipbuilding Traditions

Historical study of traditional shipbuilding in East Asia has been contrib-
uted by researchers from different fields (e.g., Wade 2003; Van Tilburg



2 - Archaeology of East Asian Shipbuilding

Liaoning J )
Province '
Hebei Bohai
Province Bay
Shandong
Province
[+
Hangzhou
~~~ Bay
S
Ningbo EAST CHINA SE/}?
% Zhejiang (Migzhou) 2
J Province
‘enzhou &7
Fujian
Province XFuzhou
A
uanzhou ship
Guangd AP,/,J/ Y w
Provmce
(junngﬂ:ou
SOUTH CHINA SEA
’

Map L1. Locations of ship remains dating to the late thirteenth and early fourteenth
centuries and key regions and cities discussed in this volume. (Produced by author,
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1994, 2007). This allows for a multidisciplinary approach to the theme,
referring to historical texts, iconographic resources, and ethnographic
material as well as archaeological evidence. Nautical study in East Asia
was recognized as an academic discipline by researchers from Europe
and the United States having a perception of the shipbuilding tradition
outside the Eurocentric tradition. Their interests mainly lay with indig-
enous boats and ships in China, from primitive watercraft to seagoing
ships they termed junks, as well as the chronological development of
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these vessels (Donnelly 1923, 1924, 1925, 1926, 1930, 1936; Waters 1938,
1939, 1947). George R. G. Worcester (1890-1969), a British officer in the
Chinese Maritime Customs Service in the early to mid-twentieth century,
made a remarkable record of wooden sailing ships in China, influencing
later studies (Sigaut 1960; Needham 1971; Sokoloft 1982). His boat ethno-
logical study provides insight on variations in construction methods for
Chinese ships, including the order of construction (Worcester 1941, 1966).
His monograph, which records more than 250 watercraft on the Yang-
tze River, is comprehensive in terms of a detailed study of propulsion,
with classification of rigs and sails, different types of rudders and anchors,
fastening methods, caulking techniques, cargo capacity, and even sailors’
traditional customs and beliefs (Worcester 1971).

Compared to the study of watercraft in China, there are not many
studies by non-Asian researchers on the same topics in other East Asian
countries. Joseph Needham’s work provides descriptive information from
a historical document on an early twelfth-century voyage of a Chinese en-
voy to the Goryeo dynasty of Korea (AD 918-1392), based on the Xuanhe
Fengshi Gaoli Tujing (Illustrated record of an envoy to Goryeo in the
Xuanhe reign-period, EF1Z{H S REEIF). It deals with the structure of
Korean ships in comparison to Chinese ships dating to the same period
(Needham 1971). Horace H. Underwood, who lived in Korea as a mission-
ary, conducted an extensive study of boat ethnology of traditional Korean
ships (Underwood 1979). His work covers the construction method for
local ships, the shipbuilding and transportation industries, and ship car-
penters’ customs.

More archaeological findings about coastal traders and seagoing ships
in East Asia have emerged since the 1970s. Ship remains in China have
been extensively reviewed as part of an inclusive study of archaeologi-
cal remains of watercraft in the world (Stefty 1994; McGrail 2001). This
resulted from the locating of ship remains and shipwrecks in East Asia
during the last quarter of the twentieth century. Beginning in the 1970s,
researchers from the Western Australian Museum directly assessed the
sites and introduced underwater and nautical archaeological approaches
based on Western perspectives into the region (Green 1983a, 1986; Ken-
derdine 1995; Burningham and Green 1997; Kenderdine 1997; Green et al.
1998; Green 2006).

In the 1980s, the site investigations began to be led by national institutes
in China and Korea. The Chinese government established the Underwater
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Archaeological Research Center (UARC) under the National Museum of
Chinese History (currently the National Museum of China) in 1986, fol-
lowed by the enactment of the Regulation on the Protection and Adminis-
tration of Underwater Cultural Relics in 1989 (Zhao 1992; Hoagland 1997,
1999; Zhang 2011; Adams 2013). Numerous surveys have been carried out
by UARC in cooperation with overseas organizations, such as the Western
Australian Museum and the Institute of Underwater Archaeology in Ja-
pan (Atkinson 1990; Green and Clark 1993; Green et al. 1993; Kenderdine
1995). The work of UARC and the newly established National Conserva-
tion Center for Underwater Cultural Heritage, however, focuses mainly
on the cargoes of shipwrecks, rather than hull structures, even though
more than seventy wreck sites have been found and some of the ships,
including the Nanhai shipwreck no. 1 and Huaguang Reef shipwreck no. 1,
are remarkably well preserved (Zhang 2006a; Shan 2011). A paucity of re-
search on maritime cultural heritage—such as ports, shipwrecks, coastal
settlements, and ethnological resources—has been pointed out (Wu 2011).
Under the circumstances, over the past few decades, Chinese shipbuilding
traditions have been reviewed via excavated ships at terrestrial sites, not
by maritime archaeologists but by maritime historians, naval engineers
and architects, and a few terrestrial archaeologists (Xi 1989; Wang 2000;
Xi 2000; Cultural Relics and Archaeological Institute of Shandong Prov-
ince et al. 2006).

In Korea, interest in the native watercraft has risen in relatively re-
cent times (Kim 1994; Choi 2006). Remarkable progress has occurred in
exploring shipwrecks since the late 1970s, following the discovery of a
thirteenth-century Chinese trader known as the Shinan ship. A conser-
vation center at Mokpo city, initially established for conservation of the
Shinan shipwreck and later developed as the National Maritime Museum,
has been a focal point for underwater archaeological research in Korea. Its
researchers have been active in locating previously unknown shipwrecks
in the waters off the west coast of the Korean Peninsula. By 2011 they had
identified nine, ranging in date from the end of the eleventh century to
the fourteenth century (National Maritime Museum of Korea 2005a; Kim
2006; National Research Institute of Maritime Cultural Heritage 2010,
2011b). These ships were local coastal traders of the Goryeo dynasty and
have a flat bottom structure, exhibiting similarity in construction.

I examine their structural characteristics in detail later in this book
to address the historical interactions between shipbuilding traditions in
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the Korean Peninsula and Japanese shipbuilding, which has to date been
considered a distinctive technology. Researchers in Japan have agreed that
the long-term use of dugout canoes was the basis for the emergence of
ships endemic to Japan; the types of dugout canoes that developed can
even be linked to the traditional Japanese coastal traders commonly used
between the seventeenth and nineteenth centuries (Ishii 1957; Shimizu
1968, 1975; Okita 2000b). I reexamine this perspective in light of what has
been identified in the archaeological remains in the Korean Peninsula.

It is worth referring to Japanese maritime historians’ achievements in-
volving not only ships of Japanese origin but also ships from overseas
visiting the country. The topics of previous studies are diverse, but most
highlight the heyday of maritime activities by Chinese traders (Oba 1980;
Tanaka and Matsuura 1986; Oba 2001; Matsuura 2003; Oba 2003; Matsu-
ura 2008a, 2008b). Among the iconographic sources introduced in these
studies, perhaps the most important is the early eighteenth-century pic-
ture scroll Tosen no Zu (Drawings of Chinese ships, FEf{fD[]), depicting
Chinese traders at the time (Oba 1974, 1991). This scroll complements the
archaeological data.

Archaeologically, investigation of underwater sites under the auspices
of Japanese government has been less extensive than that of the other two
East Asian nations (Hayashida 2006). Indeed, shipwreck archaeology has
yet to be recognized in Japan as a subdiscipline of archaeology, similar
to most of the other East and Southeast Asian countries (Kimura 2009,
2015). Yet information derived from archaeological work at sites in Japan
has proved critical to this book. A representative case is a naval battlefield
site related to Kublai Khan's thirteenth-century attempted invasion, which
was countered by fleets from the Chinese mainland and the Korean Pen-
insula. The remnants of the disarticulated ship timbers from the site make
up an assemblage of clues for addressing shipbuilding around the site, as
I demonstrate later.

Elements and Definition of Seagoing Ships

Of the various types of ships, the historical ships capable of venturing out
to sea are of most interest to me. A structural characteristic such as hull
shape and the presence of distinctive transverse structures is specifically
used here for the definition of such ships and serves as a parameter to
orient the discussion of the development of the shipbuilding tradition.
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Coastal ships from the Korean Peninsula with a flat bottom arose early
in East Asian maritime history. Later, China started to serve the region
with various sailing ships designed for long-distance voyages, and their
bulkhead structure has been credited as a significant and remarkable Chi-
nese innovation (Needham 1971: 389-92; Basch 1972; Keith and Buys 1981;
Green 1998; McGrail 2001: 347-84). Focusing on the bulkhead structure
is critical to understanding the seagoing ships that played a major role in
maritime activities in East Asian waters.

Development of the bulkhead structure is arguably associated with the
evolution of different functions, including partitioning, creating water-
tight components, and enhancing transverse strength. The installation of
partitions or walls inside the hull is common not only in Chinese ships
but also in watercraft in other parts of the world throughout the ancient
and modern eras (Burningham 1989; Steffy 1994: 52). Small semicircular
partitions in the bottom of ancient dugout canoes have been identified
as the ancestral form, as evidenced in parts of Eurasia, including Russia,
Vietnam, and Japan (Okorokov 1995; Ishii 1995a; Bellwood et al. 2007;
Caira 2008). Yet whether the partition boards of these primitive dugout
canoes would come under the modern criteria of bulkheads (as vertical
components separating spaces in the hull bottom from one another) is
disputable. In a dugout canoe, dividing the interior space of the hull is less
necessary, which suggests that this kind of semicircular board in primitive
watercraft can be distinguished from the underlying idea of a bulkhead
used for partition purposes. One can, however, recognize the usefulness
of having partition boards to secure private property and space inside
later ships, such as those of thirteenth-century China (Needham 1971:
470).

Chinese researchers have proposed, based on historical accounts,
that watertight bulkheads began to be used in China as early as the fifth
century (Xi et al. 2004; Cai et al. 2010). The introduction of watertight
bulkheads in China earlier than in Europe has been considered one of
numerous important innovations in naval architecture (Bernard 1844: 8;
Young 1867: 31; Yule 1993: 250). However, the time period and the detailed
background of the introduction of watertight bulkhead structures and
construction methods must be carefully examined with further concrete
evidence.

In terms of both function and East Asian shipbuilding traditions, the
use of bulkheads as transverse structures for the hull was an important
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technological innovation in the construction of truly seaworthy trad-
ers. Chinese researchers have agreed that bulkhead construction became
widespread at least by the Tang dynasty (AD 618-907), given that a few
riverine boats dating to that period demonstrate the presence of bulk-
heads (Xi et al. 2004). Those riverine ships could have been seaworthy
enough to sail on the shallow Yellow Sea. The appearance of bulkheads in
combination with a keel and hull planking in ships built in the East China
Sea region occurred during a later period as a well-established technol-
ogy for seagoing purposes. Adoption of this shipbuilding technology is
evidenced in the remains of seagoing vessels found in China, Korea, and
Japan. In later chapters I describe the details of hull remains of seagoing
traders, including the Quanzhou ship (dated to the second half of the
twelfth century) found in China and the Shinan shipwreck (dated to the
first quarter of the fourteenth century) in Korea. These ships are repre-
sentative cases for detailed structural study, including a fuller assessment
of how bulkheads were used in the seagoing ships plying the East China
Sea at the time. Disarticulated ship timbers from the Takashima under-
water site, where Kublai Khan’s fleets were lost, provide comparable data
for the examination of shipbuilding technology at a regional perspec-
tive. The dominance of bulkhead construction became apparent in the
fifteenth century, as seen in the common technology prevalent in ships in
the South China Sea from that period (Manguin 1984), such as the seago-
ing traders excavated in Southeast Asia. My focus on structural elements
allows discussion of the broad linkage of the shipbuilding traditions of
East Asia and Southeast Asia.

Hybridity in Shipbuilding Traditions

The question arises as to whether a theory in shipwreck archaeology fo-
cused on the sequence of construction is fully applicable for East Asia.
The existent theory has been widely accepted and is one of the norma-
tive approaches for interpreting the development of shipbuilding (Steffy
1994; Hocker 2004). Yet the validity of the approach to shipbuilding tra-
ditions outside the Western norm is controversial (Basch 1972; Reinders
and Paul 1991). In the current situation in which a relevant theoretical
approach to understanding ship construction practices in East Asian tra-
ditions remains relatively undeveloped, I pursue a theoretical framework
through detailed descriptions of the structural characteristics of multiple
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ship remains dating back over several centuries as well as an interpretative
analysis that locates technological innovations in shipbuilding traditions.
The remnants of seagoing ships—including longitudinal and transverse
structures, planking, and fastenings—are examined in chronological or-
der, thereby illustrating representative structural features and construc-
tion methods of East Asian seagoing vessels in different periods. The
technological innovations through history are addressed by focusing on
the functional development of these individual components and their re-
lationships to one other. The possibility of intra- and interregional tech-
nological integration is identified through the concept of hybridization.

Jeremy Green (1990) and Pierre-Yves Manguin (1993) initially sug-
gested the importance of understanding hull components in detail to ex-
plain distinctive shipbuilding technologies used in the adjacent regions of
East Asia and Southeast Asia. Examining the regional characteristics of
hull components is significant for clarifying the technological variations
in ship construction. A bias exists in the discussion of traditional ship-
building in East Asia, whereby Japan and the Korean Peninsula are likely
to be assessed in the context of the cultural sphere of the Chinese civili-
zation instead of independently. Because of this, detailed study of ship
structures existing in these regions is often overlooked. The shipbuilding
traditions of Japan and Korea are quite distinct from those of China; in
particular, bulkheads were not used, but an alternative transverse beam
system was developed (Green 1986). This transverse beam system needs
to be better identified and related to broader East Asian shipbuilding
practices. Through a detailed interpretation of multiple structural compo-
nents of ship remains, I aim to provide a holistic view of the development
of regional shipbuilding technologies in East Asia.

The spread of innovations has traditionally been argued in diffusion
theories in archaeology relevant to the study of cultural diffusion mod-
els (Johnson 1999). However, the most fundamental consideration for
our purposes is the consequence of the dissemination of technology that
resulted from the integration of hull construction methods. The South
China Sea is a good example for addressing the issue of the resulting hy-
bridization, although certainly it is not the only case of hybridity in his-
torical shipbuilding. The geographical position of the South China Sea
contributed to its being a focal area accessed by different groups: dur-
ing the early period by people from the Indian Ocean regions, and then
actively by East Asian seafarers, which continued up to the European



Dynamics of East Asian Shipbuilding Traditions - 9

colonial period. Cultural hybridity has been considered important in re-
gional study (Reid 2010: 307), and the idea has already been invoked in
the study of Southeast Asian shipbuilding (Manguin 1984, 1993, 2010).
I pursue the matter more extensively than in previous studies, drawing
from additional evidence.

One achievement exemplifying technological innovations from either
endogenous or exogenous growth is the hybrid hull, though the innova-
tions used for watercraft may consist of clustering technologies, rather
than solely of dispersing technology. Conceptually, this can range from an
innovative idea for fashioning a primitive watercraft to adoption of a ship-
wright’s tool that can realize the idea in a better way. Such a technologi-
cal cluster comprising both tangible and intangible components may not
appear to be an assembly of multiple innovations in the primitive types
of watercraft but may be more readily visible in the adopting of multiple
technologies in hull construction. The technological cluster, in becoming
apparent, evolves through integration of hull components. The phenom-
enon upon reaching this complex stage can be described as hybridization
because the ships begin to show hybridity in their configuration.

In some regions of Asia, the appearance of hybrid ships can be observed
in iconography and literature. European people arrived in Southeast Asia
by the sixteenth century and at some stage recognized ships as having
features from different regions. There is a historical drawing of a ship that
has been interpreted as a Chinese ship involved in Southeast Asian waters
before 1613. However, a later analysis corrected the erroneous identifica-
tion, revealing this ship to be not Chinese in origin but a ship of local
construction in Southeast Asia, known by the Portuguese as a Malay or
Javanese “jong (or junco)” (Manguin, quoted in Guy 1980: 17). The depic-
tion shows a characteristic Chinese rig; yet in the image, there are clearly
drawn quarter rudders, identical to those of ships from Southeast Asia or
perhaps the Indian Ocean. A bowsprit seems to be drawn, and this is also
unlikely to be attributable to the Chinese at the time. Another example
is an image of the Japanese ship captured offshore in the Philippines in
1600 by the Dutch (Nagazumi 2001: 58). Despite having been labeled as
a Japanese ship, the depicted ship has quarter rudders and square batten
sails made of bamboo. These features are not characteristic of Japanese
ships.

Such misperceptions by European recorders is probably due partly to
the vagueness arising from the multiple nationalities present in a trade by
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then employing merchant ships and seamen from different countries. It
might also have resulted from the artist’s preconceptions about similari-
ties between Southeast Asian and Chinese ships. Alternatively, perhaps
such a misperception can be explained by the fact that to some degree the
ship depicted shows hybrid features, integrating hull components from
different regions.

There is clear evidence that Europeans recognized the existence of hy-
brid ships in Southeast Asia: such ships came to be widely known by the
Spanish term mestizo, indicative of a hybrid. The fact that the Europeans
described ships as mestizo is indirectly evidenced in the historical Japa-
nese text titled Zoho Kai Tsushoko (Studies on the intercourse and trade
with the Chinese and foreigners, ¥&E ¥ 55 3 P55 ), written in 1708 by
Joken Nishikawa (Ishii 1995b: 72-76). According to this text, the mestizo
ships are explained as follows:

Rigs and sails of the two masts of the ship are the same as those of
a Chinese ship, and the depth of the hull as well. Its rudder is fit-
ted with iron pintles that slip into iron gudgeons, and the stern is
like those of ships from Fujian or Tanzhou. Structurally, these ships
are also the same ships that used to sail from Nagasaki to Tenjiku,
known as a vessel of mestizo construction. The large type of this ship
could carry cargos of 2,000,000 kin [likely over a few hundred tons,
but the conversion is uncertain], the middle-sized ships could carry
1,560,000 kin, and 1,230,000 kin could be loaded into the smaller
ones. The ship has a bowsprit where there is a sprit sail, likewise
observed on many Chinese ships voyaging overseas, also having top
sails made of cotton, used for the sprit sail too [as distinct from the
other sails, made of bamboo]. The length of the ship ranges from 15—
16 to 20 ken [28-30 to 37 meters], as in ships from Siam [Thailand].
The upper part of the ship is painted with red terracotta color or
simply painted with oil, while the lower part under the waterline is
painted with substances made from lime and oil, which makes it ap-
pear to be painted white. (Zoho Kai Tsushoko [author’s translation])

Apart from establishing that foreigners who visited Southeast Asian wa-
ters were cognizant of the hybridization, modern scholars have addressed
the existence of hybrid ships in their own way. Needham (1971: 433-39)
introduced an idea of affinities and hybrids of ship designs and construc-
tion, and he discussed an obsolete diffusion theory that locates diffusion
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in the spread of innovations from one focal point to peripheral zones sim-
ply by observing the similarities of features existing between two distant
regions. This idea, developed by cultural anthropologists, was still domi-
nant at the time of Needham’s research. On the basis of such a view, early
interaction between shipbuilders of Chinese ships and indigenous ships
in Southeast Asia, yielding similar structures and construction methods,
was proposed (Needham 1971: 438-39). According to Needham (1971:
438-39), the hybrid ship exhibits the Indo-China style; its development
has been explained by the fact that a keel was perhaps the first feature
to be adopted, and then the bulkheads were abandoned for frames. The
twaqo, or twakow, used until recently in the waters of Singapore, serves as
an example of such boats, showing similarities to Chinese ships from Fu-
jian Province (Waters 1946). When looking at ethnological boat records,
Needham noted similarities not only in the hull but also in the rigs and
sails. Singapore’s ships adopting rigs from distinctive Chinese batten sails
has been highlighted as a possible case of hybridization. Yet Needham did
not clearly explain innovative processes in rigging. He briefly proposed
an adaptation theory mentioned by Jean Poujade: “Hulls tend to change
more easily than rigs . . . [because] the shipwrights and the sail-maker are
quite different people. Hulls . . . are sensitive to commercial contact; rigs,
more closely associated with the tradition and life of the sea-faring folk,
change only under political dominance” (Poujade, quoted in Needham
1971: 439). Furthermore, Needham indicated that Southeast Asia has been
a focal place for hybridization for a long time, quoting Poujade’s study re-
garding a ship inscribed on the wall relief of the temple of Bayon, built in
the late twelfth or early thirteenth century. Poujade concluded that most
of the particular features of the ship depicted in the relief show more
similarities with Southeast Asian ships, but the hull is a hybrid, and the
bulkheads coexist with a keel and a genuine stem and stern post (Need-
ham 1971: 439).

As already mentioned, the idea of hybridization, specifically highlight-
ing not rigs and ship configurations but integration of hull components,
was put forward by Pierre-Yves Manguin and has become an established
theory in interpreting shipbuilding traditions in Southeast Asia and East
Asia (Manguin 1984, 1993). Following the identification of some charac-
teristics in the hull of the early to mid-fifteenth-century Bukit Jakas site
in Indonesia, Manguin (1993: 271) pointed out that several ship remains
dating after the thirteenth century and archaeologically excavated in the
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South China Sea had been constructed according to principles from two
distinctive shipbuilding traditions.

An underwater archaeological excavation project by French scholars
at a wreck site in Brunei waters (known as the Brunei shipwreck) has
brought forward the idea of a hybrid ship to assess the details of the
wrecked ship (CHour 2003, 2006). While the hull has not been identified,
the ship carried a large cargo of ceramics similar to ceramic assemblages
discovered with other excavated hybrid ships. The Lena Shoal shipwreck
of the Ming dynasty (AD 1368-1644), found oft the island of Busuanga in
the Philippines, may be an interesting example: large numbers of Chinese
ceramics were found at the site, which indicates the ship’s involvement
in maritime trade between China and Southeast Asia in the 1500s. The
hull planking consists of double-layered planks that are edge-joined with
wooden dowels (Goddio et al. 2002: 22-25). The hull is said to have been
constructed based on bulkheads instead of frames (Goddio et al. 2002:
26). Although neither actual bulkheads nor frames have been identified,
the use of bulkheads is said to be evidenced by the distribution of cargo,
showing a rectangular-margined space (Goddio et al. 2002: 26). Numer-
ous shipwrecks salvaged in Southeast Asian waters and dating from the
sixteenth century onward have hull configurations similar to those of
these two shipwrecks (Flecker 2007).

A hybrid ship in Southeast Asia is recognized as an integration of por-
tions of the ship and hull components among people from outside the
region, likely from southern China (Manguin 2010). The idea of hybrid-
ization of shipbuilding technologies was enunciated by modern scholars
initially on the basis of ethnological boat studies and was later developed
using historical and archaeological resources. In his early study of the
hybrid ship, Manguin (1984) suggests that such hybridization could have
occurred around the tenth century in the South China Sea. Further study
is needed to elucidate the emergence and transitional processes of hybrid-
ization, especially through understanding of the historical dynamics of
shipbuilding in the East Asian realm. Shipbuilding along the central and
southern Chinese coasts has been outside the purview of mainstream tra-
ditional Chinese shipbuilding for a long time, being affected early by peo-
ple from Southeast Asia and eventually by Persian and Arabic merchants
as they also entered the maritime trade. A genuinely seaworthy ship may
have originated in that area around the twelfth century, following the
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encounters of previous periods. The fact that the Europeans colonized the
region and mentioned ships of mestizo construction indicates that tech-
nological integration had been substantially developed by the fifteenth
century.

The advantages of integration were conceived outside the South China
Sea as well. In the first half of the seventeenth century, a ship known as
the red seal vessel (shuinsen) was used for long-distance maritime trade
between Japan and Southeast Asia (Iwao 1958; Nagazumi 2001). The ship
was defined as a historical Japanese merchant ship authorized by the
Tokugawa Shogunate to conduct foreign trade, with a license having a
red seal. Ships used in this trade were initially large vessels built in China;
later, ships showing hybrid features started to be used, although where
those ships were built is disputable—possibly in Japan but also possibly
in Southeast Asia, perhaps Thailand. Representative configurations of red
seal vessels are to be found in many Japanese iconographic resources de-
picting this type of ship (figure 1.1).

Hybridization is an important aspect of the formation of shipbuilding
traditions. Through hybridization we can gain a better understanding of
distinctive hull configurations, as evidenced in historical, iconographic,
and archaeological resources. It is also important in gaining an apprecia-
tion of the dynamism of the regional shipbuilding tradition, the chrono-
logical milestones of which can be located by identifying structural hy-
bridity with associated construction methods in excavated ships.

Regional Perspective on East Asian Shipbuilding

The existence of distinctive shipbuilding traditions has been noted by
local researchers in each East Asian nation (Ishii 1957; Kim 1994; Xi et
al. 2004; Yang 2009). These studies, however, have placed the historical
transitions and epochs of ship development only within each nation’s
own chronology, in a way that explains the growth of endemic features in
shipbuilding tradition as a linear evolutionary development. My emphasis
is on the importance of a regional perspective, because hybridization in
hull structure and construction methods hypothetically occurred at the
regional level, where innovations arose not only from endogenous growth
but also through exogenous factors. In this perspective, hybridization is
attributed to technological innovations considered to have been factors



Figure 1.1. Historical scroll painting depicting a red seal ship known as an araki bune, sailing
to Vietnam. (Courtesy of Museum of Maritime Science)
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forming the regional shipbuilding traditions. Three segments of regional
traditions are contrasted in the rest of this chapter: those for the Yellow
Sea, the East China Sea, and the South China Sea.

Yellow Sea Area

The Yellow Sea shipbuilding tradition is primarily identified in ships hav-
ing flat bottoms and operating in the northern waters of East Asia. They
show two types of transverse components: beams and bulkheads. An ex-
ample of the first type of early East Asian shipbuilding technology can
be seen in the Korean coastal traders of the Goryeo dynasty, which have
flat bottoms (see chapter 2). The hulls of nine Goryeo traders were ar-
chaeologically investigated offshore along the west coast of the southern
peninsula, facing the Yellow Sea. The dates for the ships that exhibit this
characteristic hull structure range from the eleventh to the fourteenth
century, and this is perceived to be a long-term technology that con-
sistently used beams, not bulkheads. The technology developed in the
Korean Peninsula, represented by baulks as longitudinal structures and
athwart beams as transverse structures, resulted in the construction of
ships with sufficient seaworthiness to sail in East Asian waters, especially
under the environmental conditions of the Yellow Sea. This could have
facilitated the dominant role of merchants who originated in the Korean
Peninsula in maritime trade between that peninsula and Japan before the
tenth century. In this context, Japan’s shipbuilding tradition of construct-
ing wooden hulls with a flat bottom and transverse beams is addressed
as a possible early interaction with shipbuilding in Korea (see chapter 2).

Early Chinese ships, in contrast, used bulkheads, as is evident in exca-
vated ships dating to the tenth century, during the Tang dynasty (Xi et al.
2004; Kimura 2010b). Two Tang dynasty ships, probably used for inland
water transportation, were discovered near rivers in Jiangsu Province (see
chapter 3). The province is located at the mouth of the Chan (Yangtze)
River, and another large river, the Huai River, flows through it. Histori-
cally the area was part of the construction of the Grand Canal. This setting
promoted utilization of inland water transportation, for which watercraft
having a flat bottom were preferable. The region faces the Yellow Sea, a
shallow sea where people could still use the flat-bottomed ships origi-
nally designed as riverine ships. Jiangsu Province and the adjacent Zheji-
ang Province to the south had ports for ships conducting distant voyages
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before the tenth century. Some envoy ships, for example, regularly sailed
between the Chinese continent and Japan during the Tang dynasty (Rei-
schauer 1940). To date, however, no ships have been identified that are
known to have been specifically designed for seafaring and date to that
period. Therefore, we can only deduce that the structure of those ships
that people used to sail into the open waters could be identical to that of
riverine ships. For example, in much later periods the sha-chuan (sand
ships), as represented by the Hangzhou Bay trader or the Nanjing ship,
were used for both riverine and oceangoing purposes in the Yellow Sea
and the northern East China Sea (see chapter 3). Hence, the technology of
the early stage of building oceangoing vessels along the northern coast of
China can be regarded as similar to technology in use for the construction
of riverine boats at the same time.

The flat-bottomed ships, as represented by the Goryeo dynasty coastal
traders and the early northern Chinese ships for riverine transportation,
constitute an ancestral form of seagoing ships. The definition of the Yellow
Sea shipbuilding tradition thus encompasses two distinctive shipbuilding
technologies from the Korean Peninsula and northern China. Techno-
logical interactions and mutual influences that might have occurred be-
tween these two regions are still speculative. Nevertheless, by looking at
archaeological evidence, one can argue for the high possibility of mutual
influences among different shipbuilding traditions in the Yellow Sea area.
The discovery at Penglai of later ships of the Ming dynasty (AD 1368-1644
[see map 1.1]), however, is indicative of technological hybridization be-
tween shipbuilding in the East China Sea and in the Korean Peninsula
(see chapter 7).

East China Sea Area

Two detailed case studies of archaeologically excavated ships originally
from the coasts of the East China Sea reveal the existence of a distinc-
tive shipbuilding tradition (see chapters 4 and 5). The technological in-
novations identified on these excavated ships suggest an East China Sea
shipbuilding tradition that generally shows either V-shaped or U-shaped
bottoms, a keel and bulkheads, and multiple-layered hull planking. Ships
built according to this tradition came to be used in seaborne activities
within and beyond East Asia and Southeast Asia.

In middle and southern China, early shipbuilding traditions before the
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tenth century can be only vaguely presumed. Contemporary historical
records of Chinese Buddhist pilgrims who departed from the southern
Chinese coast indicate the use of Southeast Asian indigenous ships to
cross the South China Sea (Wang 1958; Hall 1985). Before the tenth cen-
tury, some cities from south of Hangzhou Bay (around Ningbo) to south-
ern China (Guangzhou), facing the East China Sea and South China Sea,
were the focal area of trade by foreign merchants from Persia and Arabia
(Kuwabara 1989). The influence of shipbuilding traditions from outside
East Asia on the existing shipbuilding industries along the central and
southern Chinese coasts is, however, unclear.

Technological development of the East China Sea shipbuilding tradi-
tion clearly occurred during the Song dynasty (AD 960-1279) and the
maturity of shipping business during the period, continuing in the Yuan
dynasty (AD 1271-1368). Political entities relying on naval power were
formed in the late Song and early Yuan eras (Lo 1955). Shipyards serving
long-distance traders emerged around the areas southward from Hang-
zhou Bay and coasts around the Taiwan Straits. Two archaeologically ex-
cavated ships, the late thirteenth-century Quanzhou ship and the early
fourteenth-century Shinan shipwreck, originated in these regions. They
are the most pertinent archaeological resources for addressing in detail
the structural characteristics of the East China Sea shipbuilding tradition.
Their hulls represent a standardization of the structure for oceangoing
ships, which is interpreted as one stage of the completion of technological
integration or clustering of hull components in East Asian shipbuilding
traditions.

The keel and hull planking contribute synergistically to longitudinal
strength. In general the keel is composed of three members, and thick
garboards are fixed. The hull planking that extends from the garboards
forms a steep deadrise angle. Hull planking is edge-fastened by skew nail-
ing with rabbeted seams. The system of multiple-layered hull planking is
standardized to protect the inner planks and in some cases to enhance the
longitudinal strength of the plank shell. The bulkheads provide transverse
strength. Large half frames are attached to secure the bulkhead planks,
fixing them into the hull planking with brackets.

Ship construction materials including ship nails and timbers are high-
lighted later in the volume through analysis of samples from the Quan-
zhou ship and the Shinan shipwreck and with reference to data from the
Takashima underwater site in Japan (see chapter 6). That site gives an
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absolute date related to the invasion of Japan by Kublai Khan of the Mon-
gol Empire (during the Yuan dynasty) in 1281 and is an important comple-
mentary resource to the two ship remains mentioned above. The remains
of an iron nail collected from a hull plank of the Shinan shipwreck are
described in detail to address manufacturing procedures, which are simi-
lar to the processes used for some ships of Kublai Khan’s fleet. A timber
sample recently collected from the Quanzhou ship was used for wood
species identification. Results are presented for comparison with the as-
semblages of wood species of the other excavated ships in East Asia (see
chapter 6).

A few other ships more recently excavated in Chinese waters and simi-
lar to oceangoing traders of the East China Sea are reviewed in chapter
7, which also provides a perspective on the existence of another ship-
building tradition in the East China Sea area. While the assessment of
ships built in this tradition is not as comprehensive as for the first type of
East China Sea ships, it is recognized as distinctive in that the hull has a
bulkhead structure yet shows a U shape in cross section and has single-
layered hull planking. This second type of East China Sea ship appears to
reflect interaction with the shipbuilding technologies developed along the
northern coast of China, including the Yellow Sea region.

South China Sea Area

The concept of the South China Sea shipbuilding tradition was built on
observation of ship remains with distinctive features, showing that the
hull configuration is identical to that of the Chinese shipbuilding tradi-
tion but that some construction methods (for example, the use of edge-
joined planking with wooden dowels) more likely derive from Southeast
Asian traditions. The configurations of early Southeast Asian seagoing
ships are illustrated in bas-reliefs of monuments and in the pilgrimage
records of Chinese monks, but these sources lack detailed information
about physical structure and construction methods. My review notes an
increase in the discovery of ship remains showing features consistent with
Southeast Asian shipbuilding traditions spread over the nations of both
mainland and insular Southeast Asia (see chapter 8). The fact that the
key boatbuilding innovations were disseminated widely and were domi-
nant along the coasts of Southeast Asia supports the hypothesis of transi-
tional processes of hybridization occurring in the South China Sea area,
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whereby the shipwrights employing the dominant technology endemic
to the region could have been receptive to an exogenous shipbuilding
tradition. The South China Sea shipbuilding tradition is exemplified by
a type of hybrid ship integrating East China Sea shipbuilding traditions
into Southeast Asian (Austronesian) traditions. Recent discoveries of hy-
bridized hulls in the Philippines and Thailand buttress this hypothetical
idea (see chapter 8). Thus, while the presence of hybrid ships has been
acknowledged in previous research, the present study traces the forma-
tion of such ships chronologically as they evolved from and related to
adjacent shipbuilding traditions, including those of the Yellow Sea and
East China Sea areas.



Shipbuilding in Early East Asia

The strait that lies between the southern Korean Peninsula and Japan
historically served as the most significant access route between the two
regions. Early Japanese envoys perceived passing through this strait to
the Korean Peninsula and the Yellow Sea to be safe, and during the ninth
century this route was used by other East Asian merchants to reach Japan,
in particular (Yamauchi 2008). Seafarers along the coast of the Korean
Peninsula had a high profile in East Asian waters ahead of the rise of Chi-
nese merchants. Even before the early ninth century, merchants from Silla
(57 BC-AD 935), one of the Three Kingdoms of ancient Korea, initially
played a significant role in trade with Japan and in ship transportation for
the Japanese to reach China. The activities of Silla merchants appear in the
historical record (Matsunami 2006; Enomoto 2008) of early international
maritime trade in East Asia. The detailed configuration and structure of
Silla ships are unknown, given the lack of concrete evidence. However, by
the tenth century the traders had probably developed flat-bottomed ships
that had sturdy transverse beams in their interior structure. These features
can be deduced from the features of archaeologically investigated coastal
traders dating to the Goryeo dynasty (AD 918-1392).

While a broader range of mutual cultural influence between Korean and
Japan occurred early, there has been almost no discussion of interaction
between the two regions in shipbuilding. Japanese researchers have made
inroads through study of the evolutionary processes of traditional boats
in Japan and have offered an explanation of chronological development
of the structure of indigenous ships, presented as a linear development
theory to elucidate how traditional types of watercraft descended from
dugout canoes. The growing number of excavated ships of the Goryeo dy-
nasty in Korea calls such a linear development theory into question. The
hulls of the Goryeo traders show consistency in construction principles
and represent one of the early shipbuilding traditions for coastal traders
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in northern East Asia. The formation of the long-term tradition could be
idiosyncratic to the Korean Peninsula, but its early impact on the Japanese
shipbuilding tradition can be presumed.

Reorienting the Existing Hull Evolution Theory

In Japan, the remains of dugout canoes are what have predominantly
been found, leading to the above-mentioned discussion of a linear pro-
cess from dugout canoes to indigenous coastal traders as a focal theory of
the structural development of ships (Ishii 1957, 1995a). Kenji Ishii (1957:
6) pointed out that more than 70 dugout canoes had been discovered in
Japan by the 1950s. According to a recent report, the number of dugout
remains discovered that date to the prehistoric period is 117 from all over
Japan (Shiga Prefectural Association for Cultural Heritage 2006), and this
number increases to more than 200 when dugout remains dating to later
periods are included.

Most Japanese scholars in nautical history support the idea of chrono-
logical development of traditional watercraft in three consecutive stages:
from dugout canoes to planked-up dugouts and then to ships having a
more seaworthy structure (Ishii 1957; Shimizu 1975; Matsuki 1988; Ada-
chi 1998; Okita 2000a). The planked-up dugout is generally considered
to have consisted of a dugout base as the bottom structure with strakes
added on its sides. Actual archaeological remains of planked-up dugouts
are few, aside from the notable discovery of one at the Kyuhoji site in
Osaka. The configuration of the planked-up dugout could have been as
represented in small earthenware ship figurines, and one such archaeo-
logically discovered figurine was used to reconstruct a planked-up dugout
(figure 2.1). Any type of boat transitional between the dugout canoe and
seaworthy ships is a candidate for interpretation as a planked-up dug-
out, and this has become a significant part of the evolutionary theory of
traditional boat structure. Detailed development of planked-up dugouts,
however, has not been insightfully argued beyond the structural configu-
ration. Apart from an extensive study of dugout canoes by Akiko Deguchi
(1995), we lack a detailed assessment of how the transition in construction
methods developed alongside the structural development: important as-
pects not fully addressed include the sequence of construction, enhance-
ment of longitudinal and transverse strength, and associated fastening
methods. Deguchi’s (1995: 52-53) study, which is based on ethnological
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Figure 2.1. Reconstructed planked-up dugout canoe at the Osaka Maritime Mu-

seum; the lower part consists of a hollowed-out log. (Photo by author)

and archaeological data, provides insights into the construction meth-
ods of Japan’s dugout canoes, compared to some ancient dugout canoes
discovered in China (Dai 1985; Xu 1985; Deguchi 1995; Xi 2000; Xi et al.
2004).

Deguchi’s research offers a regional perspective on the use of primitive
watercraft in East Asia, including not only dugout canoes but also rafts.
Rafts are regarded as another important primitive watercraft relevant to
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early shipbuilding development in East Asia (Hornell 1934; Donnelly
1936; Needham 1971; Worcester 1971; Greenhill 1976). Sean McGrail (2001)
has mentioned that construction materials of East Asian rafts changed at
around 33 degrees north latitude: farther north, rafts tended to be con-
structed from logs, such as cedar, pine, and Paulownia sp., whereas farther
south, bamboo was a common raft construction material. Deguchi (1995:
54-55) has focused on unique fastening methods of the log rafts from
Japan and Korea, in which two holes transversely penetrate the timbers of
the rafts forward and aft, and through these holes pass wooden bars that
are fixed by wooden nails perpendicularly driven from the top surface
of the timbers. According to Deguchi, the fastening methods observed
on the modern log rafts from Japan and Korea are similar to those of the
Goryeo dynasty coastal traders.

Whether a consecutive progression occurred from techniques for the
construction of rafts to technologies to build the Goryeo traders has not
been verified. The prominence of raft construction techniques in East
Asia must be carefully argued, because of the paucity of archaeological
evidence, especially in Japan. The paucity of data has meant that descen-
dent technologies can be regarded only as locally developed techniques.
Planked-up dugouts could have been a primary part of a linear devel-
opment from primitive watercraft to seagoing ships. The endogenous
growth of technology in Japan is considerable in shipbuilding. But exog-
enous factors deriving from interaction with other regions have largely
been overlooked in the current development theory.

Flat-Bottomed Ship and Beams

As already mentioned, Silla merchants based on the Korean Peninsula
were the most active seafarers in early East Asian maritime history. Dur-
ing the late eighth century, merchants from Silla voyaged to visit Dazaifu,
an administrative center in southern Japan responsible for foreign affairs.
Jang Bogo, a prominent maritime figure from Silla, visited Dazaifu in 824
(Matsunami 2006). Details of the Silla ships used by the traders have not
been depicted in historical documents. The ships’ seaworthiness, how-
ever, is partly illustrated by the fact that in 837 the central government
of the time in Japan gave Dazaifu orders to construct Silla-type ships
(Matsunami 2006). In 840 a local bureaucrat of Tsushima Island, located
between southern Japan and the southern end of the Korean Peninsula,
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requested that Dazaifu provide one of the better-constructed Silla ships
because of the high frequency of wrecking of the native Japanese ships
(Matsunami 2006). Some envoys from Japan to China appear to have pre-
ferred to use Silla ships as well.

The following section describes the structural details of the Goryeo
coastal traders. The long-term continuity of structural design during the
Goryeo dynasty and much later periods suggests that the same construc-
tion methods might have been used for earlier Korean ships. The absence
of bulkheads and the use of fastening methods relying on wooden fasten-
ings could be representative features of Korean shipbuilding.

In Japan, compared to Korea, the archaeological discovery of water-
craft has been limited. Iconographies, ethnographic study of boats, and
historical texts have been recognized as the best clues available for the
study of Japanese seagoing ships. Although using written and drawn in-
formation makes detailed examination of hull structure and construction
techniques impossible, Ishii (1957: 16-17) indicates that the development
of flat-bottomed inland watercraft occurred by the ninth century. Fur-
thermore, he mentions the use of flat-bottomed ships to conduct seagoing
voyages to China by the fourteenth century, citing the sixteenth-century
Chinese text Chou Hai Tu Bian (Illustrated seaboard strategy, 5[
4). The final part of this section presents an archaeological assessment
of Japanese coastal traders, based on the limited available data, to address
their featuring of a flat bottom and transverse beams identical to those in
the Korean shipbuilding tradition.

Hulls Excavated in Korea

Korean shipbuilding shows a long-term tradition, generated from tech-
nologies to construct ships used for sailing along the coast of the Korean
Peninsula and for seagoing in the Yellow Sea. This specialization formed
a suite of idiosyncratic features in the hulls of those ships, with many
similarities between the late eleventh-century coastal trader and the early
twentieth-century coastal fishing ship (figure 2.2). In general, the tradi-
tional Korean ships have a flat bottom with the transom bow and stern
forming a box-shaped hull. The planks are edge-fastened with rabbeted
seams, making the hull planking appear to be clinker-built. The use of
wooden fastenings is a common feature. Beams are used as transverse
components. An archaeological discovery of a Korean coastal trader
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dating back to the early Goryeo dynasty was reported early by Jeremy
Green (1983b) and has since been reviewed again with the addition of
recent discoveries and conservation work (Sasaki and Lee 2010; Moon
2011; Yang 2011). Underwater archaeology in Korea has been growing
rapidly, and the National Research Institute of Maritime Cultural Heri-
tage has identified more underwater sites on the west coast of the central
Korean Peninsula; the number of hull remains found from the 1980s to
2011 is nine. The time period of these hull remains ranges from the elev-
enth century for the Wando ship to the fourteenth century for the Anjwa
ship. These Goryeo dynasty ships are compared here to facilitate a critical
review of the chronological evolution of hull structure and construction
methods.

Wando Ship (GEE )

The shipwreck was discovered offshore of Wando Island in Jeolla Prov-
ince, South Korea, and excavated in 1983-84. This was the first shipwreck
of Korean origin to be discovered, and more important, it is among the
earliest shipwrecks recovered from East Asian waters. A few brief reports
are available in non-Korean-language resources (Green and Kim 1989;
Kim 1991; McGrail 2001: 361-63). The presence of more than 30,000
pieces of Goryeo celadon suggests that the ship dates to the second half of
the eleventh century (National Maritime Museum of Korea 2005a). The
wood species identification suggests a Korean origin, and the structure
and construction are representative of the Korean tradition. The remain-
ing part of the hull measures 6.5 meters in length, and the widest part of
the hull bottom is 1.6 meters.

The hull has a flat bottom structure consisting of five strakes (figure
2.3). Two or three planks are joined to make these strakes. Butts of the
median strake show a protruding-tongue scarf, and the butts of the other
four bottom strakes are joined with a stepped scarf. Around the mid-
section of the median bottom strake are two square recesses that could
be associated with the mast tabernacle. Six long wooden bars penetrate
the three center strakes of the five bottom strakes athwartships, fastening
them together. The bars are neatly slotted through apertures cut in each
strake to join them tightly. The other two strakes, individually joined onto
each side of the center three strakes, are fixed by six mortise and tenons.
There are L-shaped planks fitted on both sides of the bottom, defined



Daebudo ship

Talido ship

Figure 2.3. Plans of the hull remains of Goryeo traders. (After, from top: Green 1989;
National Maritime Museum of Korea 2005b; National Maritime Museum of Korea 2009;
National Research Institute of Maritime Cultural Heritage 2010; National Maritime Museum
of Korea 2008a; and courtesy of the National Maritime Museum of Korea)
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as chine strakes (see glossary). Mortises and tenons fasten the L-shaped
chine planks onto the rabbeted edges of the bottom strakes.

Five side strakes above the chines remain on one side and four side
strakes remain on the other side of the hull. A rabbet is cut on the outer
part of the upper edge of each side plank of the strakes. The planks are
fastened together by wooden tenons that pass right through the mortise
plank and down into the mortise of the lower plank. These tenons are
secured by wooden locking pins. Transverse strength is provided by mul-
tiple beams. Apertures in the planking show where the ends of the beams
protruded through the chine strake and the strakes of the hull’s sides. The
original length of the ship has been estimated to be approximately nine to
ten meters.

Sibidongpado Ship (-+ 957 {5

Discovered offshore of Sibidongpado, Okdo-myeon, in Gunsan city in
Jeonbuk Province, this shipwreck was excavated in 2003-4. It dated from
the end of the eleventh century to the early twelfth century, according to
the analysis of artifacts, mainly some 8,000 pieces of ceramics. A report
published more recently dated the ceramic assemblage of this ship to a
period earlier than that of the Wando ship (National Research Institute of
Maritime Cultural Heritage 2009).

The details of hull remains and associated artifacts are presented in the
excavation report (National Maritime Museum of Korea 2005b). The re-
maining hull measures approximately 7.0 meters in length, and the widest
remaining part of the bottom hull is 1.8 meters (see figure 2.3). Although
the hull is less intact than that of the Wando ship, the overall configura-
tion and structure of the hull remains show considerable similarity to
those of the Wando ship. The remaining part of the Sibidongpado ship
includes three bottom strakes and two L-shaped chine strakes sitting on
one side of the bottom structure. Each of the three longitudinal joined
strakes comprises two remaining timbers. The longitudinal joint of the
median strake shows a protruding-tongue scarf, and step joints are used
in the other two, the same pattern as in the bottom strakes of the Wando
ship. Five long wooden bars, or tenons, run athwartships through rec-
tangular mortises cut through the three bottom strakes. The upper edges
of the planks of the outer strakes are rabbeted to receive L-shaped chine
planks. The most distinctive feature of the Sibidongpado ship compared



Shipbuilding in Early East Asia - 29

to the Wando ship is the double L-shaped chine strakes: the lower chine
strake is placed on the bottom strakes, and the upper chine strake sits on
the rabbeted edge of the lower one. The presence of two beams is inferred
from the square mortises in the lower chine strake into which they were
fitted.

Several timbers detached from the ship, including part of the square
bow transom, were scattered around the remaining part of the hull. Al-
though the bow remains are substantially degraded, three planks show
evidence of wooden tenons used to edge-join them. Of the three planks,
the best preserved measures 1.6 meters in length. The edges of the bow
transom are recessed and form steps where the clinker-arranged hull
planking could meet. The other detached timbers include a piece of a hull
plank and timbers possibly associated with an anchor windlass. The origi-
nal length of the ship has been estimated as approximately 14.0 meters.

Taean Ship (ZEZMEY)

The shipwreck was identified in 2007 offshore of Daeseom Island in Taean
through the discovery of a celadon bowl by a local fisherman. During
the excavation in 2007-8 by the National Maritime Museum, more than
23,000 artifacts were recovered, including six ship timbers, two large
stone anchor stocks (or anchor weights), pieces of a windlass, wooden
strips, metal and earthen wares, stone bricks, bones, and 20,000 celadon
pieces and products. The significance of this shipwreck has been recog-
nized because of the quantity and quality of celadon products, some prob-
ably intended for the royal court; the shipwreck is known as the Goryeo
Celadon Treasure Ship. Details of the recovered artifacts and hull are well
documented (National Research Institute of Maritime Cultural Heritage
2009). The ship is presumed to have sunk during a voyage from Gangjin,
at the tip of Korean Peninsula, to Kaesong (Gaeseong), the ancient capital
of the Goryeo dynasty, in the twelfth century.

All of the six identified ship timbers are hull planks, constituting parts
of four side strakes measuring 8.5 meters long and 1.5 meters wide (see
figure 2.3). The method of plank fastening in the Taean ship differs from
that of the preceding two ships. The wooden fastenings directly secure the
seams of the planks; they are driven diagonally from the lower part of the
upper plank to the upper part of the lower plank, like the nailing of Chi-
nese ships. Locking pins appear to have secured these wooden fastenings.
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The fastening method is still used in conjunction with rabbeted seams
forming clinker steps. The lower and upper strakes, identified from the
pattern of the fastening and clinker joint, are thicker than the other two
(see figure 2.3). The remains of these thicker strakes, or wales, consist of
two timbers joined with a stepped scarf. The two stepped scarfs are verti-
cally aligned in the presumed configuration of the planking. All these side
strakes have square holes probably associated with the use of beams.
Two large stones (115 kilograms and 70.5 kilograms in weight) that were
part of anchors or used as anchor weights have been identified. Grooves
or recesses on their sides are believed to have been for the anchor ropes.
The estimated length of the original hull is more than twenty meters.

Taean Mado Ships (Z=2 5 #ER/T) Numbers 1-3

The waters offshore of the Taean Peninsula in Chungcheongnam Province
were an important sea route during the Goryeo dynasty. Coastal traders
sailing along the west coast of southern Korea between north and south
transported goods to the Goryeo capital, Kaesong (Gaeseong), by pass-
ing through the Mado waters in Taean. The area, however, is notorious
for wrecking because of changeable weather, complex currents, and the
hazardous combination of muddy water and submerged rocks. Potential
for the discovery of shipwrecks in the area had been presumed, but the
identification of shipwreck sites did not occur until the seabed underwent
changes related to the development of the surrounding harbor area. An
underwater survey in 2008-9 identified sixty-eight stone anchors (in-
cluding stone stocks) and more than 670 pieces of Korean and Chinese
ceramics (Kim and Moon 2011; National Research Institute of Maritime
Cultural Heritage 2011a). In addition, the three hull remains found during
the survey were fully excavated. Archaeological reports of excavations of
two of the hull remains had been produced by 2011 (National Research
Institute of Maritime Cultural Heritage 2010, 2011b).

Taean Mado ship no. 1 was initially found in 2008 and was excavated
during the following year. The main items among the excavated artifacts
are approximately three hundred pieces of Goryeo celadon and a lot of
coal and grain, the major commodities carried by the ship and indicated
in associated tags and labels (Cha 2011). Korean scholars gave the wreck
an absolute date: based on ink writing on the bamboo tags and labels, the
wrecking probably occurred in 1208 on the way to Kaesong.
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The hull is approximately 10.8 meters in length and 3.7 meters in width.
Forty pieces of timbers related to the hull remains were taken from the
waters and placed in a conservation laboratory of the National Research
Institute in Taean. The hull has a wider flat bottom than that of the other
early Goryeo traders, consisting of seven strakes (see figure 2.3). Four
longitudinally joined timber remains compose the individual bottom
strake. The bottom hull has a gentle curvature upward toward the bow
and stern. Butts of the median strake show a protruding-tongue scarf, and
the strakes adjoining the median strake are joined simply with a butt joint.
These three center strakes are fixed together by ten long wooden bars pen-
etrating them athwartships. Another two strakes are attached to each side
by mortises and tenons, and the longitudinal butts are joined mostly with
a stepped scarf. The fundamental bottom hull structure and the fastening
methods of the timbers are almost identical to those of the Wando ship,
but the chine timbers have a distinctive configuration. The Taean Mado
ship does not use chine timbers having an L-shaped cross section. The
chine consists of robust timbers chamfered roughly, but its interior has
been carefully cut to have a flat surface, so that it shows as a semicircle
in cross section. Three to four timbers remain in each chine. The upper
edges of the chines are grooved to join upper planks, and the same ap-
plies to two strakes remaining in one side of the hull. Wooden nails are
used as fastenings for the planking. Thinner planks could have been used
in the upper strakes; they are missing. Notably, part of the bow transom
remains, consisting of seven vertically joined timbers. The edges of the
exterior sides of the timbers are chamfered to meet the clinker-arranged
hull planking. The median strake has two square recesses (measuring 150
x 80 x 70 millimeters), probably related to a mast structure. The excava-
tion reports indicate that living space for sailors could have been located
in the middle part of the ship around the mast, based on the concentra-
tion there of the remnants of cooking facilities and daily utensils.

According to the excavation report (National Research Institute of
Maritime Cultural Heritage 2011b), Taean Mado ship no. 2 was found in
waters nine hundred meters east of Taean Mado ship no. 1. The full exca-
vation, conducted in 2010, led to the discovery of well-preserved artifacts,
consisting of more than four hundred objects, including Goryeo celadon
from the Buan kiln and grain identified as the major cargo of the ship.
The discovery of many bamboo tags and wooden slips associated with the
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cargo was significant, identifying the use of the celadon jars as containers
for sesame oil and honey and dating the wrecking as the early thirteenth
century.

The remaining part of the hull, comprising forty-one timbers, mea-
sures 12.6 meters in length and 4.4 meters in width. The fundamental hull
structure is identical to that of Taean Mado ship no. 1; ship no. 2 has a flat
bottom consisting of seven strakes and robust chine timbers. The number
of remaining planks is greater than in ship no. 1: one strake on the port
side and four strakes on the starboard side (these strakes and the chine
strakes are all considered together as side planks in the report). Korean
researchers have conducted three-dimensional modeling of each timber
to integrate them into the entire hull. The overall hull shape shows the
greatest breadth amidships well forward, with the bow transom bow at
least 2 meters wide and the stern transom 1.5 meters wide. Excavation
of Taean Mado ship no. 3 was completed in 2011, and structural features
similar to those of ships nos. 1 and 2 have been confirmed.

Daebudo Ship ( KE2E)

The ship remains were discovered in the intertidal zone of Daebu Island,
Ansan City, in Gyeonggi Province, and were excavated in 2006. The re-
sults of the excavation are documented (National Maritime Museum
of Korea 2008a). Ceramics discovered date the shipwreck from the late
twelfth century to the early thirteenth century. Most of the hull is miss-
ing; only three bottom strakes and a chine strake remain. The remaining
part of the hull measures 6.6 meters in length and 1.4 meters at the wid-
est remaining part (see figure 2.3). The bottom of the hull was originally
formed by five bottom strakes, but only three sets of bottom planks re-
main. Three long wooden bars penetrate the bottom strakes athwartships,
and there are also several square mortises where shorter tenons or bars
were fitted. The remains of the center bottom strake consist of only one
timber with two recesses, possibly for a mast structure on the top, the
same feature as in the Wando and Sibidongpado ships. Each of the other
two bottom strakes consists of two longitudinally joined planks. The joint
of the one next to the center bottom strake appears to be a butt joint, in
contrast with the other bottom strake that holds the chine strake, which
has a scarf joint. All these bottom strakes have a slight curvature upward
toward the bow and stern, the same configuration as in the Wando and
Sibidongpado ships. The chine strake consists of two planks. The planks
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of the chine strake were said to have been originally cut to an L shape in
cross section, but degradation of the timber has removed the main part of
the plank that would clarify the original configuration of the cross section
(National Maritime Museum of Korea 2008a). The chine strake is joined
to the bottom plank by mortises and tenons.

Talido (Dalido) Ship (ZEEHEHY)

The ship remains were found in 1995 in the intertidal zone on the shore of
Talido (Dalido) Island in Mokpo, Jeonranam Province. The ship is dated
to the thirteenth or fourteenth century based on radiocarbon analysis
of its timber (BP 730+57). No artifacts are associated with the hull. The
remaining part of the hull includes three bottom strakes and four side
strakes on both sides. The remains measure approximately 10.5 meters in
length and 2.7 meters at their widest. The median bottom strake consists
of two planks joined by a tongue scarf. It has two square recesses, pre-
sumably associated with a mast structure. As the cross section shows, the
median bottom strake is thinner than the other bottom strakes (see figure
2.2). The other bottom strakes, placed on either side of the median bottom
strake, consist of three planks each, and they are lap-joined. These bottom
strakes are slightly rockered and tapered toward the bow and stern, the
same as in the other ships. The bottom strakes are joined by long wooden
bars or tenons athwartships through mortises. Twelve of these mortises
are observable. The absence of L-shaped chine planks can be confirmed,
and the chine timbers are thick strakes. Three strakes above these chine
strakes consist of three planks longitudinally joined by step joints, which
are secured with tenons. For edge-fastening the hull planking, tenons are
driven through rabbets cut in the upper edge of the upper plank to the
lower plank, and pegs are used to lock the tenons. This fastening is used
for the connection of the chine strakes and bottom planking as well.

Six beams have been identified, and these are distinctive in the way
they are fixed into the hull planking: the thinner beams are slotted into
square apertures cut in the hull planks, while the thicker beams are fixed
into recesses in the inner surface of the hull planks. Four timbers of the
stern transom remain. Although they are degraded, the third plank ap-
pears to have tenons on the side for the joint with the hull planking. The
lowest side planks at one end of the hull appear to have recesses, which
might have been cut for the transom stern (or bow).
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Anjwa Ship (ZER)

Discovered at Guemsan, Anjwa-myeon, in Shinan district in 2005, the
ship remains were excavated the same year. The results of the excavation
are available in an archaeological report (National Maritime Museum of
Korea 2006¢). Although the upper structure of the hull is missing, the
remaining parts are well preserved, including three bottom strakes, two
side strakes on the port side, seven starboard side strakes, part of the
stern structure, a few beams, and a portion of what was possibly a sculling
oar. A few celadon sherds were discovered beneath the hull. They provide
an approximate date for the ship, which was dated to the late fourteenth
century. The remaining part of the hull measures 14.5 meters long and 6.1
meters wide.

The median bottom strake consists of two large timbers joined by a
tongued half-lap scarf, which differs from the joinery of the center plank
in the other ships (figure 2.4). Fourteen mortises are cut through to re-
ceive long wooden bars to join all three bottom strakes. The bars appear
to have been secured by locking pegs. The median bottom strake has two
square recesses for a mast structure near the midpoint. The two other bot-
tom strakes consist of two planks, joined with lap joints. All the bottom
strakes have a slight rocker and are tapered toward the bow and stern.
All the bottom strakes also have a recess near their end at the bow, form-
ing a groove into which a transom bow was slotted. Planks of the first
strakes building the sides up from the chines are thicker than the other
hull planks and comprise four planks with step joints. The planks of this
first side strake in the bow are distinctive in that they are triangular in
cross section (figure 2.4). The aft planks of this strake have grooves or
recesses to secure a plank of the transom stern. Four planks are used for
each of the intact strakes, with step joints fastened by dowels (figure 2.4).
The edge-fastening of the hull planking is by the same method as that of
the Wando, Talido, and Sibidongpado ships (figure 2.4).

Five beams have been identified. A thicker beam was fixed athwartships
into the second strake. It has two square recesses cut through its middle
parts, which presumably allowed longitudinal timbers to run through it
from bow to stern. Thin beams are subclassified into two types based on
the different ways of fixing them into the hull planking. The end of the
first type penetrates through the hull planks and is secured by wedges; the
end of the second type is hooked on recesses cut into the inner surface
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of hull planks. Evidence of using putty for caulking and sealing the hull
planking has been identified in this ship.

Jeremy Green (1986) has highlighted the distinctive construction meth-
ods of the Goryeo dynasty, compared with the features of twenty early
Korean fishing boats reported by other researchers. Horace Underwood
(1979) has identified hull planking of early twentieth-century coastal ships
that relies on bent skewed wooden nails (known as treenails or trenails
[figure 2.5]). According to Underwood (1979: 25), the holes are chiseled
for the wooden nails in those modern fishing boats. In a similar way, the
wooden tenons identified in the Goryeo ships must have passed through
holes that had previously been cut. Further details of the driving method
are described as follows: “The trenails are driven diagonally down from
the outside of the upper plank and project on the inside of the lower
planks. These ends are later sawed off, and the outer end counter sunk”
(Underwood 1979: 25).

As Underwood notes, trenails are used almost exclusively in Korean
boats even today, and these are almost invariably of oak, as are the an-
chor chocks, the pegs for the sweeps, and other fittings where a hardwood
is required. The wood is not usually allowed to season thoroughly, as it
thereby becomes too stiff to bend easily (Underwood 1979: 24).

Regarding the type of wood used for other components of the hull,
Underwood has explained that Korean shipwrights preferred pine. A Ko-
rean researcher has examined the types of the wood used for different
parts of Korean ships (Choi 2006: 28); details of wood species identifica-
tion for the excavated ships are presented later this book. Underwood
(1979: 25-27) describes the hull construction methods for fishing boats
as a plank-fast technique, and he explains structural details with Korean
shipbuilding terms used for each hull component. Questions arise about
the identification of traditional naval terms (and their English spellings),
although naval terms could have been used under the shipwrights’ own
unique practices: “Ship-building in Korea has never been reduced to a sci-
ence and apparently has always been done by rules of thumb rather than
to exact specifications, plans or lines” (Underwood 1979: 22).

Nevertheless, archaeologically identified ship remains dating from the
end of the eleventh century to the end of the fourteenth century demon-
strate the consistent development of Korean coastal ships. There are obvi-
ous structural changes between the Goryeo dynasty ships and modern
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Figure 2.5. Structure and construction methods of the twentieth-century Korean fish-
ing boat as recorded by Horace H. Underwood. (Underwood 1979)
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Korean ships. L-shaped chine strakes represent the historical transition
of hull structure and construction methods. The strakes were originally
an innovative structure, but to produce chine strakes having such com-
plex shape probably required a lot of work. Their use ceased in the later
periods, most likely around the early thirteenth century or slightly earlier.
They were replaced by chamfered robust timbers and then thick timbers.
The transition of the chine structure represents the improvement of con-
struction methods, which can be linked to the sophisticated shape of later
ships, such as the Anjwa ship, compared to the early Goryeo traders.

From this point of view, we cannot simply point to a ceasing of the Ko-
rean shipbuilding tradition. Structural assessment of hull remains dating
from the eleventh to the fourteenth centuries certainly allows us to trace
structural innovations chronologically, and at the same time it allows us
to confirm conservativeness in the early formation of the shipbuilding
tradition for coastal ships in particular. This can be clearly seen in the
coherence of the hull structure, including a flat-bottomed hull and thwart
beams, and consistency in construction methods is evident in the edge-
fastened planking used to form the clinker hull with the use of wooden
fastenings. Discovery of the Goryeo ships is geographically limited to
offshore areas along the southern and western coasts of the Korean Pen-
insula in the Yellow Sea. How influential the identified shipbuilding tradi-
tion has been historically in the peninsula and outside the region remains
arguable.

Ship Remains in Japan

As previously mentioned, except for the remains of dugout canoes mainly
dating to prehistoric periods, archaeological discovery of ships in Japan
has been limited. The lack of archaeological evidence of seaworthy vessels
has partly caused the dominance of one specific theory in the innovation
of hull structure in Japanese shipbuilding history (Adachi 1998; Farris
2009: 274). Linking the advent of Japanese native watercraft to develop-
ment of the planked-up dugout canoe risks oversimplifying the assess-
ment to diagramming use or nonuse and styling of dugout components
for hull construction. Moreover, the date for the transition of the disap-
pearance of the dugout component from the hull of seagoing ships has
not been determined.

The endemic shipbuilding tradition in Japan can be addressed by
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reviewing one component of the hull of Japanese coastal traders dat-
ing to the postmedieval Edo period (AD 1603-1868). Two large rudder
posts, probably associated with these coastal ships, have been identified;
they are the only available archaeological resources we have for assess-
ing shipbuilding traditions for seaworthy ships in Japan. They have been
independently identified, and no hull remains are associated with them.
They were buried in the sediments of adjacent historical harbors. There
are no relevant archaeological survey records to examine for associated
context, such as the existence of shipyards, or for clues to assess whether
the rudders were deliberately abandoned or became wreckage acciden-
tally. In terms of a thematic study of rudders, their analytical utility is not
enough for one to deduce whether their structural innovations followed
those of the previous periods. In general, depending on a large rudder
post or rudder stock with a tiller is perceivable in the tradition of East
Asian shipbuilding technology. Diffusion and interaction are presumed
in the development of an axial rudder within the region. However, an
axial rudder in Japanese coastal ships is a hanging rudder fixed by ropes
in the stern, as distinct from a transom-mounted rudder slotted into the
transom (as is evident on some Chinese ships).

Rudder Post from Bonotsu Harbor

According to an online database of underwater sites in Japan produced by
the Asian Research Institute of Underwater Archaeology, a large wooden
rudder stock was discovered in the riverbed of the Kushi Imamura River
in the town of Bonotsu. It is now exhibited in the Bonotsu Historical Re-
source Center in the city of Minamisatsuma. Bonotsu is a historically sig-
nificant harbor developed before the tenth century that continued to be
used until the Edo period for both domestic and international trading.
Analysis of the data permits a brief definition of the features and origin
of the rudder post. Its remaining part measures 8.2 meters in length, and
the largest cross section is 490 x 230 millimeters, although both ends
are damaged. Chemical preservation has been conducted on the timber.
The wood has been identified as Quercus acuta, which grows widely in
East Asia. The rudder is presumed to have originated from a coastal ship
called a sekibune, but this does not seem to have been ascertained with
concrete evidence. A sekibune is generally classified as a midsized coastal
ship developed during the Japanese medieval period as a battleship and
on some occasions was used in postmedieval periods to carry members



40 - Archaeology of East Asian Shipbuilding

Figure 2.6. Scale model of a sekibune that was made based on historical and icono-

graphic resources. (Courtesy of Matsuura Historical Museum; photo by author)

of the peerage (figure 2.6). The details of this rudder stock, including how
it was dated and classified as from a sekibune, are not clear. The configu-
ration of the sekibune can be vaguely depicted based on iconographic
resources and historical texts. In general, it is presumed to reflect Japanese
representative construction methods using multiple bottom planks rather
than a keel, with thwart beams penetrating the hull planking and fastened
by iron nails and brackets. One type of sekibune constructed as a battle-
ship appears to have had bulwarks of substantial size and a castle-like
superstructure running from the bow to the stern, and its multiple oars
enhanced not only propulsion but also maneuverability.

Rudder Post from a Japanese Coastal Ship

Another example of a rudder post from a Japanese ship comes from Ok-
itsu town in Chiba prefecture. The large timber is believed to have been
a part of the rudder from a traditional Japanese coastal ship used during
the Edo period. The timber was discovered in the estuary of a small river
flowing into Okitsu Beach during the development of an extension of the
harbor (figure 2.7). Historically Okitsu served as an anchorage for traders



Figure 2.7. Drawing of the early nineteenth-century bezaisen and drawing and photo-

graph of the remains of the rudder post. (Produced by author)
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sailing along the east coast facing toward the Pacific Ocean. The historical
background of the place of discovery as well as the configuration of the
rudder post indicate that it was used for a small coastal trader. The rudder
post is 6.02 meters in length and is made of hardwood. When discov-
ered it was in a well-preserved condition, but lack of proper conservation
treatment caused it to deteriorate and split, with cracking and shrinking
appearing on the surface. Two holes in the middle are damage from the
harbor construction work. The top part of the rudder post has a square
shape, and a square hole allows a tiller to be inserted. From the top to the
bottom, the section of the rudder gradually changes to a flat shape. This
part could have had a rudder blade attached, though it is now missing. In
the bottom part of the rudder, a few corroded iron pins can be seen; these
were probably used to fasten the rudder blade to the rudder post.

The heyday of use of these coastal traders was the mid-seventeenth cen-
tury to the late nineteenth century. The overall design and structure of
these vessels became standardized through the period. By the nineteenth
century, the representative features of the hull showed more uniformity,
and the ships were known as bezaisen. Regarding structural characteris-
tics of the Japanese coastal traders, it has been said that the spine (a main
longitudinal timber of the hull bottom) of the bezaisen is distinguished
from a Western ship’s keel; however, structurally it functions the same
way as a keel. The hull planking was assembled using edge joints with iron
nails. The transverse strength of the hull was secured by several thwart
beams distributed along the length of the hull. Propulsion was highly de-
pendent on one large square sail, initially made from bamboo fiber but in
later periods made of cotton fabric. Like most square sails, the bezaisen’s
sails were made with the panels of cloth arranged vertically, parallel to the
leeches of the sail. The bezaisen used a large suspended rudder. The stern
gallery section is the typical feature of this vessel, which has an open poop
deck, allowing an axial rudder to be suspended and hoisted.

As mentioned earlier, there is an indication in a Chinese historical text
that shipbuilding in Japan could be characterized by the construction of
flat-bottomed ships. In terms of hull components, the main transverse
structure in Japanese ships was thwart beams. Looking at another repre-
sentative hull component of East Asian seagoing ships, one can see that
bulkheads were never adopted in either Japanese coastal ships or Korean
traders.
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A question arises about similarities in hull components identified in
the two regions, such as the use of beams as the main transverse com-
ponents. The possibility of Japanese shipbuilding having adopted some
technologies from outside has not been seriously addressed in the exist-
ing theories. A few people outside Japan have alluded briefly to this pos-
sibility, for instance, in mentioning that “Japanese ships seem to follow a
similar style to Korean ships” (Green 1986: 4). Underwood also remarked
that many shipwrights were sent from Silla to Japan before the tenth cen-
tury to transfer shipbuilding skills (Underwood 1979: 23). Verification of
early historical interactions between the two countries that affected the
development of the Japanese shipbuilding is expected to occur through
archaeological discovery. It will be relevant in discussing whether a linear
development theory is valid to explain the advent of Japanese shipbuild-
ing traditions. The characteristics of the hull structure of Japanese coastal
traders can more reasonably be understood by defining them as flat-bot-
tomed ships exhibiting thwart beams, which synergistically form a sphere
of the shipbuilding tradition inclusive of the Korean Peninsula.



A Lasting Tradition in Northern China

In China more than twenty ships’ hulls have been excavated on land and
underwater (Kimura 2010a). This chapter presents some of these ship re-
mains chronologically according to their dynastic periods, from the Sui
dynasty (AD 589-618) to the Song dynasty (AD 960-1279). Many of them
have been dated based on associated artifacts, which may not be sufficient
to provide an exact date for the hull. Thus, no absolute building dates for
the ships have been established.

The data set of hull remains indicates a coherent tradition of practices
in building flat-bottomed ships in northern China. We can also recognize
that several excavated hulls dating to the early period are those of river-
ine ships. They illustrate some representative structures and construction
methods that had been widely adopted by then, such as bulkheads and
the use of iron nails for fastening. The archaeological data are useful for
comparatively addressing the endemic features of early shipbuilding in
northern China as distinct from central and southern China. Historical
and political background about the dynasties provides insights regarding
factors that might have affected shipbuilding in early periods. In addition,
iconographic and historical resources provide complementary explana-
tions that aid in in identifying a sphere of lasting shipbuilding tradition
from north of Hangzhou Bay around the Yellow Sea.

Archaeological Evidence of Early Chinese Ships

One of the earliest examples of iron used for ship construction is among
the ship remains discovered in the Sui dynasty tomb of Zhongshanwang
(FFLLI=), in Pingshan, Hebei Province (Xi et al. 2004). The tomb has a fu-
neral chamber inside, in which was found a well-constructed ship in use
as a coffin. The ship is 13.1 meters in length and 2.3 meters in width, and its
depth is 0.8 meters (figure 3.1). Its basic structure consists of several planks
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400-600 millimeters wide and 100-150 millimeters thick. The planks are
fastened together with iron strips. The iron strips are threaded through
20-millimeter-square ligature holes located 40-50 millimeters from the
seam to tie the planks together with three or four turns. These iron strips
are at 0.8-1.0 meter intervals. The ligature holes appear to be sealed with
small wooden pegs. The small pegs in the ligature holes are probably for
securing the iron strips and perhaps for making the hole watertight. The
iron strips function as stitches to fasten the planks together and also resist
shearing forces between planks. In the Zhongshanwang tomb ship, a seal-
ing of fused lead was found in the ligature holes. The techniques of sealing
and caulking seem to have been well developed by the Sui dynasty. The
fact that two such techniques are observed on the Zhongshanwang tomb
ship indicates that it might have been in service on the water for a certain
period before its use as a coffin.

The wide use of iron fastenings in shipbuilding around the time of
the Sui dynasty in China is evidenced in historical travel records. During
the seventh and eighth centuries, many ships regularly made sea voy-
ages between China and Japan. Before then, interaction occurred by del-
egating diplomats and monks from Japan to China during the Southern
and Northern dynasties (AD 420-589) and the Sui dynasty. Details of
the ships involved are unknown. The route that the Japanese representa-
tives took did not entail long-distance voyages, and ships departing from
what is now Osaka (known as Nanba at the time) got to Kyushu and then
sailed across the Tsushima Strait to reach the tip of Korean Peninsula.
The ships then voyaged north along the peninsula and crossed the Yellow
Sea to reach Yantai in China. The long-distance voyages recorded in the
historical texts refer to envoys from Japan to China in the later periods.
The voyages of Kentoshi (Envoys to Tang, & (i) from Japan to China
during the Tang dynasty were undertaken eighteen times between 630
and 894. In the later stage of these envoys, around the 830s-40s, the Japa-
nese monk Ennin (F{~. or [E]{") recorded his journey over nine years
as a pilgrim to China, including a voyage from Japan to China. His diary
is known as Nitto Guho Junrei Gyoki (Record of pilgrimage to China, A
FESREHCKL7TEC) and has been reviewed in English (Reischauer 1955).
According to the record, Ennin’s envoy ships confronted difficulties, and
his diary depicts his hazardous voyage. The problems may have resulted
partly from the paucity of navigation techniques and partly from em-
barking on the journey in such a fragile ship—he noted that the “iron
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strips came off by wave smashing (*F45; (§% ? ) Ryl rfEERL%).” The
“iron strips” to which he referred may mean strips like those used on the
Zhongshanwang tomb ship, in which case the manuscript may indicate
that the planking of the ship in which Ennin traveled mainly used iron
fastenings, though an argument on detailed configuration of the fasten-
ings is speculative.

Tang Shipbuilding in the Riverine Tradition

By the Tang dynasty period in China, shipbuilding technologies preced-
ing the advancement of seafaring had been accumulated in the tradition
of building ships for riverine use, as we can see by looking at the remains
of river ships dated to this period. They have been studied only cursorily;
the following is a summary of the limited information available.

Rugao Ship (A15)

According to Chinese sources (Wang 2000; Xi 2000; Xi et al. 2004), the
Rugao ship was found at Puxi in Ruguo city, Jiangsu Province, during
reclamation in 1973 (see figure 3.1). The well-preserved hull measures
17.3 meters in length and 2.6 meters in width. The remaining part con-
sists of bottom planks, bulkheads, and some strakes from the sides of the
hull. The bottom is a flat shape suitable for river transportation. Its blunt
bow and aft parts are slightly narrower than the midship. The Chinese
researchers’ reports (cited above) indicate that the basic joinery of the
bottom timbers appears to be mortise-and-tenon style, but the details are
unclear. Mortises and tenons are also said to be used for the bulkheads
and hull planking.

The hull profile shows that bulkheads divide the hull into eleven holds.
The fifth, sixth, and seventh bulkheads are very close together and create
two very small holds. The breadth beam of the vessel is approximately 2.8
meters and measures approximately 0.95 meters athwartships in the bow
and stern. Chinese researchers have mentioned that there are doorways
through the sixth to the eighth holds, yet these bulkheads produce wa-
tertight compartments. The Chinese researchers’ reports state that these
holds could have been used as a living space covered by bamboo sheets in
the absence of decks. The hull planking is clinker-built. The thickness of
the planks is 40-70 millimeters, and the bottom planks are 80-120 mil-
limeters thick. The length of iron nails is 165 millimeters, and the nailhead
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measures 15 millimeters in cross section. Iron nails are used for the fasten-
ing of the hull planking, with a pattern of nails driven at 60-millimeter
intervals. The seams are sealed by putty. Associated artifacts, mainly ce-
ramics from the Yue kiln, allow the Rugao ship to be dated to the Tang dy-
nasty. Chinese researchers have concluded that the ship was used around
the reign of Gaozong (AD 649-83), the third emperor of the dynasty.

Shigiao Ship (JiifF)

During a river development project in 1960 at Shigiao in Yangchan,
Jiangsu Province, one wooden ship was found with a few dugout canoes
(see figure 3.1). According to Longfei Xi (2000), the ship shows a sturdy
structure. Although its stern section was missing, the remaining part
of the hull measures 18.4 meters in length, 2.4 meters in width, and 1.3
meters in depth. The transverse structure consists of a combination of
beams and bulkheads (the exact number of holds divided by the bulk-
heads is unclear). Mortises and tenons and iron nails appear to have been
used for the hull planking. The nails are 170 millimeters in length, with
a head measuring 20 millimeters across, and they are driven into hull
planks at intervals of approximately 250 millimeters. The nails are used
for the construction of the bottom as well as the sides. The exact date of
the ship is disputable. Initially it was dated to the Song dynasty based
on artifact analysis, but later the majority of researchers reassessed this,
concluding that it dates back to the Tang dynasty. The depth of the ship is
not great, and the structure indicates that it was originally used for river
transportation.

Technology of Riverine Ships

All the identified remains of Chinese ships from before the tenth century
seem to involve ships for riverine use, not specifically designed for coastal
or sea voyages. They are dated to the late periods of the Tang dynasty. The
state of development of riverine infrastructure during the Tang dynasty
continued from the previous dynastic period, and presumably it propelled
Chinese shipbuilding industries to construct inland watercraft for trans-
portation in rivers as well as canals.

These river craft exhibit techniques of ship construction that devel-
oped before the tenth century. Fastening methods using iron had become
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standard by the Tang dynasty period. Compared with other metals, iron
has been predominant in China for a long time. The use of putty for seal-
ing and luting likely became widespread during the Tang dynasty; use
of some kind of putty probably dates back to earlier periods. It was also
combined with caulking materials in the form of vegetable fiber pushed
into the seam after construction, the putty being used to seal over the
caulking.

With the development of planked hulls, the transverse structure of the
ship also evolved. As noted, the use of bulkheads in constructing riverine
ships is evidenced in the archaeological discoveries. Bulkhead structure
and construction methods seem to have been well established in riverine
vessels by the ninth century, before being employed in seagoing ships.
In China, unlike other areas of East Asia, these components had already
been developed by the time the Chinese commenced seagoing. Little in-
formation is available on what types of ships were used in the early stage of
seafaring. Whether riverine ships were used or there were changes in ship
structure and shape before seagoing commenced is still an open question.
Internal conflicts and political disorder occurred in China from the end
of the Tang dynasty to the Five Dynasties and Ten Kingdoms period (AD
907-60), and historical records contribute little to any discussion of the
type of ships used during these periods. Presumably, seagoing Chinese
ships developed in a relatively short period of time. Diffusion of the use
of bulkheads in shipbuilding was limited to the northern riverine area
and coast of China. Each nation within East Asia started to show separate
shipbuilding traditions by the tenth century, as reviewed in the previous
chapter.

After the fall of the Tang dynasty, China experienced a series of wars
that brought stagnation in social activities and could have negatively af-
fected seaborne trade. Less activity in constructing coastal and seagoing
craft may have led to stagnation or ceasing of technological innovations,
in turn implying less stimulation from the low volume of seaborne trade.
Chinese merchants made greater inroads in later periods. Raising their
presence seems to have occurred within a few hundred years or even
less, presumably around the period of the Northern Song dynasty (AD
960-1127). Archaeological discoveries of Song dynasty ships are more
numerous.
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Early Song Shipbuilding in Riverine and Coastal Tradition
Dazhi Boat ( K)&1})

According to a short archaeological report (Ji 1987), ship remains were
discovered in 1978 during the dredging of the Dazhi River, Nanhui dis-
trict, in Shanghai city. The Cultural Properties Administration Board in
Shanghai city conducted the excavation at the site (figure 3.2). Although
the upper part of the hull is missing, the bottom was well preserved when
discovered. The remaining part measures 16.2 meters in length and 3.9
meters in width. The cross section of the hull bottom is flat. The bottom
consists of seven strakes. The strakes comprise three planks, joined by lap
joints. Three internal runs of planks double the bottom planking, though
the remains are partial.

Eight bulkheads divide the hull into nine holds. The spacing of the
bulkheads varies from 0.8 to 2.9 meters (29 m, 1.3 m, .9 m, 1.7 m, 1.8
m, 1.4 m, 0.8 m, 1.3 m, and 1.6 m). There is no report of limber holes.
Iron nails were used to fasten the hull planking to the bulkheads, and
putty made from limestone and oil was used to seal the iron nailheads. A
notable feature is a hole with a diameter of 200 millimeters through the
median plank in the bow (if the bow is correctly identified on the basis of
the position of a mast step). This is said to be what is called a mao chayan
(hole to drive anchor through, $ff&HE [Ji 1987: 177]). This type of an-
chor was reported as a “stick-in-the-mud” anchor in Worcester’s (1971: 89)
studys; it is a pole used in Chinese river boats as an anchor by being driven
through the bottom of the hull into the bed of the river. There is one mast
step, and it is attached to the third bulkhead, which has one recess to hold
a mast. Discovered in a hole located at the first hold were twenty-four
copper coins inscribed Taibin Tongbao (A - EF), which represents the
reign of the second emperor of the Northern Song dynasty. In the hole
a silver hairpin was also found. On the basis of the coins and one glazed
ceramic bowl, the ship has been dated to the Song dynasty. It was probably
used for short-distance coastal transportation before, for some reason, it
was abandoned (Ji 1987: 177).

s

Yuanmengkou Ship (7052 IR

According to Longfei Xi (2000: 152-57; 2008: 66-67), Song dynasty ship
remains were discovered in 1978 at Yuanmengkou, at Dongtantou in the
Jinghai district in Tianjing Province. The remains of the ship are 14.6
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meters in length, 4.1 meters in width, and 1.2 meters in depth. Except for
the upper part of its port side, the hull is relatively well preserved. The
displacement of the original ship has been estimated to be approximately
38 tons (Xi et al. 2004: 112). The shipwreck has a flat bottom and shows
a rectangular section shape throughout its length (see figure 3.2). It is
effectively a box with a scow-style bow. The structure of the bottom hull
has not been clearly reported, but a large piece of flat timber appears to
have been longitudinally placed in the center of the hull, and there were
large chine planks as well. Between these large planks, planks were longi-
tudinally placed. The cross-section drawing indicates a flush edge joint in
both the bottom and the topside planking. However, the topside plank-
ing shows a double layer. The drawing in the reports indicates that the
hull had floors (bottom frames), futtocks or knees at the chines, beams,
and standing knees supporting the planking above the beams. There are
limber holes in the floors or bottom frames, and pillars are present be-
tween the beams and the floors. In addition, there are twenty half frames
between the beams. The strength of the hull was further enhanced by top
timbers on the fifth beam to the eighth beam around the midship.

Chinese researchers have pointed out that the most significant discov-
ery is a wooden rudder, regarded as the oldest example of a balanced rud-
der (Xi et al. 2004: 114). The rudder blade forms a scalene triangle mea-
suring 3.9 meters along the bottom. The height of the rudder post is 2.19
meters. The ship could be dated to the Northern Song period. The date
was initially determined by identifying a copper coin inscribed Zhenghe
Tongbo (E{A1#EE) recovered from the site, which suggests an absolute
date of 1111, and sedimentation analysis suggests that the ship may have
been abandoned before flood prevention works were conducted in 1117.
With regard to the date, however, the uniqueness of the structure in us-
ing half frames with an absence of bulkheads makes the hull appear more
modern than the twelfth century.

Fengbinyang Bay Ship (EEA#EIIME)

In 1978, officials of a local commune reported the discovery of ship re-
mains among the sediments of Fengbinyang Bay adjacent to the Jiading
district in Shanghai city. The remaining part of the hull measures 6.2 me-
ters in length. Although the forward part of the ship is mostly missing, it
is in relatively good condition (see figure 3.2). The hull is slightly tapered
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from the midship toward the bow, yet it forms a square transom bow that
has a platform at the deck level. There are seven bulkheads constituting
eight compartments, and a mast step is placed on the forward side of the
fourth bulkhead. Iron brackets, known as guaju, are used to fasten hull
planking to the bulkheads (Wang 2000: 120-21). Some butts of hull planks
show a half-lap joint. The cross-section shape shows a flat bottom made of
two strakes, double chines, and some tumble home of the topsides above
the second chine. One of the notable features of the ship is two longitu-
dinals beneath the bottom planks. The two longitudinals, semicircular in
cross section, run along the hull as small bilge keels or bilge runners. It
has been pointed out that these are likely to provide longitudinal strength
to the hull, and they appear to be small runners designed to protect the
bottom planking during launching and beaching (Wang 2000: 120-21).
Found inside the hull were bricks and yellow-glazed ceramics, probably
from the Jizhou kiln in the Jiangxi region. These artifacts were used to
determine the date of the ship as late thirteenth century. An iron pan and
sword also indicate a link to this period.

Fashi Ship (EEHE)

A shipwreck was found near Fashi in the vicinity of Quanzhou Bay in
1982. A portion of the hull was located under a building, and only a partial
excavation was implemented (Green 1997a: 19; Xi et al. 2004: 124-25). An
exposed part of the hull was reburied for in situ preservation. A midship
portion toward the stern was revealed during the excavation. The hull had
akeel, and three bulkheads were also identified. The exposed keel consists
of part of the main (midship) keel and the aft keel. Bilgewater could run
along the bilge through limbers in the bulkheads. The Fashi ship shows
evidence of the use of wooden brackets (or pegs) to fasten bulkheads to
hull planking. One wooden bracket measures 720 millimeters in length,
and its cross section is 60 x 60 millimeters at the hull planking and tapers
to 20 x 30 millimeters at the inboard end. The brackets are driven from
the outer surfaces of some of the hull planks and attached to the forward
sides of the bulkheads. This fastening method, similar to that noted in
the Fengbinyang Bay ship, is also observed on the later Chinese seago-
ing trader known as the Quanzhou ship (see chapter 4) and is more or
less identical to the use of wooden brackets in the Shinan shipwreck (see
chapter 5). Iron nails are used to fasten the bulkhead planks. A portion
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of the recovered hull including a bulkhead plank is under chemical treat-
ment in the Quanzhou Ancient Ship Gallery of the Museum of Overseas
Communication History (figure 5.7).

Heyilu Ship (F1 S FER)

In 2003 the remains of a watercraft were found during a rescue excava-
tion conducted by the Cultural Relic Preservation Administration Center
of Ningbo and Archaeological Research Institute of Ningbo at the south
side of the site of Heyimen Wengcheng, or Turret of Heyi gate (Gong et al.
2008). Although the stern of the hull is missing, the remaining part is rela-
tively well preserved and measures 9.2 meters in length and 2.8 meters in
width (see figure 3.2). The bow is fairly sharp, and the cross section of the
lower hull is a V shape. The forward keel and main keel remain: the mid-
ship cross section of the main keel is rectangular and measures 300 x 100
millimeters, but toward the bow the keel cross section changes to a trian-
gular shape to fit to the forward keel. Nine bulkheads remain, and sturdy
frames are attached to them. The bulkheads appear to be irregularly dis-
tributed. Each bulkhead consists of three to four planks fastened by iron
clamps. There are limber holes in the bottom planks of the bulkheads.
Seven strakes remain on the port and starboard sides in the midsection
of the hull. Hull planks measuring 400-600 millimeters are edge-joined
by skewed iron nails. A mast step has not been found, and a drawing of
the reconstructed ship in the report suggests that its propulsion relied
on a yuloh (Gong et al. 2008: 187). On the basis of ceramics recovered
from the inside of the hull, the ship has been dated to the Southern Song
dynasty (AD 1127-1279), and it could have been used for short-distance
transportation in the harbor or along coastal areas.

Technological Development from the Riverine to the Coastal and
Harbor Ships

As the preceding descriptions demonstrate, several ships dating back to
the Song dynasty have been excavated on land, and they were used as both
riverine and coastal ships. Short archaeological reports published in Chi-
nese are the primary resources for detail about these ship remains. Some
seem to show ship types that could have been widely used, not only in
riverine settings but also in estuarine areas or for lighterage in ports; these
include the Dazhi boat, the Yuanmengkou ship, and the Fengbinyang Bay
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shipwreck. They were discovered in the late 1970s when only limited pres-
ervation could be undertaken. The locations of these ship remains are
around Shanghai on the estuary of the Yangtze River flowing to Hang-
zhou Bay and Tianjing in the northern part of China. In cross section
these ships present a flat or flat to round bottom, corresponding with the
generic idea that northern ships were used either inland or in the open
waters typically observed north of Hangzhou Bay. Frames and bulkheads
are used as transverse components. The use of the axial rudder and mast
steps is suggested to date back to earlier than the Song dynasty.

Besides fastening relying on iron nails, the use of brackets to secure
hull planking to bulkheads, which is seen on the Fengbinyang boat, is
noted. Coherent use of iron fastenings and the emergence of various types
of iron fastenings characterize the Chinese shipbuilding tradition. Iron
fastenings include nails, brackets, and clamps, and each type can be fur-
ther subclassified into different shapes. These have been reviewed by Chi-
nese scholars (Xu 1985; Xi et al. 2004: 123-25; Zhang et al. 2004: 288-91).
In these studies, iron brackets have been defined as a more advanced form
of technology evolved from wooden brackets. The Fengbinyang Bay ship-
wreck is the earliest archaeological evidence of the use of metal brackets.
As there is no evidence of wooden brackets predating Fengbinyang, the
evolution mentioned is speculative. Continuing use of wooden brackets
can be observed over centuries. Use in the fastening of hull planking to
bulkheads is the same for wooden brackets and iron brackets. The Fashi
ship discovered near Quanzhou city in Fujian Province in the 1980s uses
brackets made from wood. The cross section of its hull shows that the bot-
tom of the ship is not flat (a flat bottom is regarded as a feature suitable
for use in shallow and tidal waters). The Heyilu ship excavated in Ningbo
city in 2003 was probably used for inshore transportation and for lighter-
age in ports. It has a sharp bottom with considerable deadrise. The Heyilu
ship indicates the advent of diverse hull types: not only flat-bottomed but
also V-bottomed ships were used on inland and inshore waters by the late
Song dynasty.

The Flat Bottom in the Han Chinese Shipbuilding Tradition

The configuration of riverine ships dating to the Song dynasty period can
be seen in the picture scroll by Zhang Zeduan (AD 1085-1145) titled Qing
Ming Shang Ho Tu (Along the river during the Qingming festival, ;&HH
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_ET[E]). The scroll, widely recognized as an important resource depict-
ing details of contemporary ships, has been reviewed in previous stud-
ies (Needham 1971; Green 1997b). It graphically depicts different types
of river ships. Some of the features described in this scroll are useful for
assessing the excavated ships, especially as regards rigs, sails, shipboard
items, and the superstructure and stern structure of the ships depicted.
The historical and archaeological resources appear to correspond with
each other.

I propose that the utility of ships in river transportation in early China
was one of the most critical factors propelling the formation of the re-
gional shipbuilding tradition. The linkage of the flat-bottomed ship solely
with topographical factors has been more emphasized in previous studies
on the Chinese shipbuilding tradition (Worcester 1966: 16-17; McGrail
2001: 347-48; Van Tilburg 2007: 62). A well-known concept is that the
very different waters of the northern and southern regions of the Chi-
nese cultural sphere led to the development of two distinctive types of
vessels along the Chinese coast. This has been mentioned with reference
to Chinese historical records such as the Chou Hai Tu Bian (Illustrated
seaboard strategy, 25 [Y4R), written in 1562, and the Wu Bei Zhi (Trea-
tise of armament technology, H.ff§:), written in 1621. Joseph Needham
(1971: 429) introduced the passage in the Ri Zhi Lu (Daily additions to
knowledge, H #1$%), originally written by Guyanwu (38 ) in 1672, as
follows:

The sea-going vessels of Chiang-nan are named “Sha-chuan (sand-
ship)” for as their bottoms are flat and broad they can sail over
shoals and moor near sandbanks, frequenting sandy (or muddy)
creeks and havens without getting stuck. . . . Chekiang ships . . . (are
built in the same way) and can also sail among sandbanks, but they
avoid shallow waters as they are heavier than the sand-ships. But the
sea-going vessels of Fukien and Kuangtung have round bottoms and
high decks. At the base of their hulls there are large beams of wood
in three sections called “dragon-spines” (lung ku). If (these ships)
should encounter shallow sandy (water) the dragon-spine may get
stuck in the sand, and if wind and tide are not favourable there may
be danger in pulling it out. But in sailing to the South Seas (Nang-
Yang) where there are many islands and rocks in the water, ships
with dragon-spines can turn more easily to avoid them. (Needham
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1971: 429, as translated from Ri Zhi Lu, vol. 29, annotated by Xie
Zhanren)

TLEERG . HEVURE . DIEARESERE . JmeT R . FEEE
&L OIBMY .. JREEEYD. IAREUREITIRRE. DA
REEENOREEC. R - BSM. EEAES. TAAK=
B, HERFMABIE. ®EHFEE. —ER0. sEEENLH . BUHAR
6. (FERE. SETERE. (EEEE. WERS. Al
k. (HEsER, &1/, #a11)

This seventeenth-century text evidences the perception of distinctive lo-
cal shipbuilding traditions existing along the Chinese coasts. Shipbuilders
in the northern part of China preferred to specialize in the construction
of a flat-bottomed ship named for its capability for navigating sandbars. In
contrast, another type of ship was constructed in the Fujian and Guang-
dong regions in the south, using a keel (or dragon-spine) that made ships
maneuverable in rocky and reef-strewn waters.

The Wu Bei Zhi is among the Chinese texts most cited by naval histo-
rians. This text mentions the people called Sha-min (P[R), who settled
along the coast of China and excelled in naval battles with their ships,
the sha-chuan (literally, “sand ship,” /Dfiff), which are compared with the
Fu-chuan (“Fu ship,” meaning the Fuzhou ship, f&fiff), the cang-chuan
(“blue ship,” Z %), and the naiowei-chuan (“bird-tail ship,” EEEAY). The
text describes how the sha-chuan was able to tack against a headwind and
states that it was convenient in the shallow waters of the northern sea but
was hard to sail in the deeper southern seas. The bottom of the sand ship
was flat, which did not allow it to plow through the big waves of the deep
seas. There are swells in the northern sea, and the Fu ship and blue ship
each had an acute angle at the bottom because of the swells, but the sand
ship was also capable of sailing against these swells. In the northern sea,
iron anchors could be used for mooring, but in the southern sea, the deep
water allowed only the dropping of wooden anchors.

Needham (1971: 429) states that Hangzhou Bay around 30 degrees
north latitude is the boundary between the two different types of ships.
North of Hangzhou Bay, the coastal and seagoing craft had a flat bottom,
and their suspended rudder could be lowered well below the bottom of
the ship or lifted up to function in the shallow estuarine harbors and even
in inland waters. The flat-bottomed ships were suitable for dual use in
both the sea and inland waters. Again I want to emphasize that the impact
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of historical development of riverine infrastructure in the north on the
flat-bottomed ships may need to be considered as important as the north-
ern sea conditions. Intensive study of ports and possibly inland waterway
navigation would probably be useful on this question, but these matters
are beyond the scope of this book.

Unquestioning interpretation of geographical differences as being in-
separably linked to the vessels’ flat, rounded, or V-shaped bottoms may
lead to an overgeneralization of the typological approach. A limited view
of the variations involved is likely to suggest that the sha-chuan (sand
ship) was the dominant type of flat-bottomed ship, which has been de-
fined in comparison with the rounded and V-shaped hull. In addition,
the flat-bottomed ship is likely to be characterized by no keel construc-
tion, which has been used in visual representations as a typical Chinese
“junk” of the north. Despite the perception that there was diversity in flat-
bottomed ships in the northern sea of the Chinese cultural sphere, most
of the variation in flat-bottomed ships has been only vaguely addressed,
because the sand ship has been equated with the flat-bottomed ship.

The Sand Ship Interpreted as the Jiangsu Trader

The typical image of the sand ship is most likely to have come from a
drawing in the seventeenth-century historical text We Bei Zhi (figure 3.3).
Needham (1971: 429) captions the ship depicted in this historical text as
the sand ship of the Chiangsu (Jiangsu) style. George R. G. Worcester
(1971) also regards the Jiangsu (Kiangsu) trader as a sand ship. Accord-
ing to his study, the Jiangsu trader was constructed in shipyards around
Shanghai and was a seagoing ship that can be recognized by two distinc-
tive features: five masts, and a false stern and projecting gallery three me-
ters or more in length. The Jiangsu trader is possibly classified together
“with the Antung trader as one of two fundamental types of seagoing craft
of the north from which have evolved various other crafts” (Worcester
1971: 162).

The sand ship may be more similar to the Nanjing ship drawn in an
iconographic resource and the Hangzhou Bay trader recorded in an eth-
nological boat study. Osamu Oba (1974, 1980) introduced an accurate im-
age of a flat-bottomed ship identified as a Nanjing ship (figure 3.4) derived
from the historical picture scroll Tosen no Zu (Images of Chinese ships, [
it /[ [figure 3.5]); he labeled it a sand ship, or sha-chuan. The Nanjing
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Figure 3.3. Image
of a sha-chuan
depicted in the
seventeenth-

s century text Wu
Bei Zhi. (From Xi
et al. 2004)

ship depicted in the Zoho Kai Tsushoko of 1708 by Joken Nishikawa is also
a useful resource to help identify the sand ship (Oba 1980). Importantly,
the Nanjing ship in the iconographic resources shows similarities with
flat-bottomed ships defined as the shaohing chuan, or the Hangzhou Bay
trader (figure 3.6), in previous studies of Chinese ships in the premodern
period (Donnelly 1930: 62-65; Worcester 1966: 28-32, 1971: 184-86; So-
koloft 1982: 19). Worcester gives a detailed explanation about this type of
ship. The Hangzhou Bay trader had a flat bottom with no keel construc-
tion and was modified to work in the shallow waters of the bay and the
shifting mudbanks of the Yangtze Estuary. It was specifically designed for
riding the world’s largest tidal bore.



Figure 3.4. Merchant ships depicted in the historical picture scroll Tosen no Zu. Top:
Nanjing ship (left) and Ningbo ship (right). Center: Ningbo ship anchoring (left) and
Fuzhou-built ship that departed from Nanjing (right). Bottom: Taiwan ship (left) and

Guangdong ship (right). (Courtesy of Matsuura Historical Museum; photo by author)



Figure 3.5. More merchant ships depicted in Tosen no Zu. Top: Fuzhou-built ship that

departed from Guangdong (left) and Guangnan ship (right). Center: Amoi/Xiamen
ship (left) and Siam ship (right). Bottom: Calapa/Batavia ship. (Courtesy of Matsuura
Historical Museum; photo by author)



Figure 3.6. From top:
Nanjing ships depicted
in Tosen no Zu (top) and
Kiyo Tojin Yashiki Zukei
(center) and drawings of
Hangzhou Bay traders
(bottom). (Top, courtesy
of Matsuura Histori-

cal Museum, photo by
author; center, courtesy
of Kyoto University Li-
brary; bottom left, from
Sokoloft 1982; bottom
right, from Donnelly
1930)
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The Hangzhou Bay trader is characterized by a vivid painting of a styl-
ized tiger on the bow and the adoption of leeboards consisting of two or
more solid planks (Sigaut 1960; Doran 1967; Sokoloff 1982). These char-
acteristics can also be observed on the Nanjing ship in many historical
iconographies (Oba 1974, 2003). The iconographic resources depict lee-
boards, which are also the most definitive characteristic of ships classified
as flat-bottomed ships, including the sha-chuan (sand ship), the Nanjing
ship, and the Hangzhou Bay trader. Whether the Hangzhou Bay trader as
recorded in ethnological boat studies had a direct link with the sha-chuan
as described in the iconographic and historical resources is still disput-
able. These sources have limitations for assessing the detailed interior
structure and construction, but we can at least see the uniformity of the
shipbuilding tradition widely used around Hangzhou Bay and farther up
the northern coast, including vessels used in many estuaries and inland
rivers.

The Flat-Bottomed Ship in Zheng He’s Fleet

The shipbuilding industry in the north around Hangzhou Bay had been
undergoing development until the early fifteenth century. This is sup-
ported by the fact that some of the ships used for the historically well-
known Chinese maritime expeditions during the Ming dynasty (AD
1368-1644) were constructed in shipyards at a latitude of 31°58'01" N,
northwest of Nanjing and close to the Jia River, a small tributary of the
Yangtze. This shipyard, called the Baochuanchang (Treasure Shipyard),
could have been a significant place where some ships constituting the
expedition fleet were built, possibly including the flagship of the Ming
admiral, Zheng He. Relevant literature provides reasonable arguments
on the issue of the size of Zheng He's ship (Sleeswyk 1996; Gould 2000:
197-98; Church 2005, 2008). The numerical information in Chinese his-
torical texts must be carefully studied, and with regard to the dimensions
of Zheng He’s ship, bias and exaggerated estimates are considerable.
There is another disputable issue: whether the ships built at the Trea-
sure Shipyard were of the northern type of sha-chuan (sand ship) or the
southern type known as the Fuzhou or Guangdong ship, which had a
round bottom. Xi and colleagues (2004: 208) concluded that the presence
of the fleet’s flagship in expeditions on the high seas in Southeast Asian
waters supports the idea that large numbers of the southern type of ships
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were employed. However, the shipyard is geographically located in the
sphere of the northern shipbuilding tradition. The long-term establish-
ment of the Nanjing shipyards in the north could mean that they were
more specialized in constructing flat-bottomed ships, and this should not
be overlooked in discussion of the renowned fleet.

Comparable dimensional information about the early seventeenth-
century seagoing ships from different regions of China—including Nan-
jing, Ningbo, Fuzhou, Taiwan, Guangdong, Guangnan, and Xiamen—is
available in the Tosen no Zu (see figures 3.4 and 3.5). Table 3.1 shows the
dimensions of these ships, as recorded in the picture scroll with a Japanese
unit and calibrated into the metric system. The flat-bottomed ship built
in the Nanjing region could have been relatively large (Oba 1974: 357).
The recording of these dimensions demonstrates an interest in the size of
the Nanjing ship, which is approximately thirty-four meters long (a few
meters longer than other Chinese ships of southern origin). The dimen-
sional data of the ships in the Tosen no Zu do not provide an exclusive
standard by which to address the size of ships used as seagoing traders
and early Ming ships but do provide a reliable illustration of ships from
Nanjing’s shipyards. Despotic government policy by the Ming dynasty
probably affected shipbuilding industries, and some shipyards operated
under government control and standardized regulation. Flat-bottomed
ships constructed for the imperial fleet could be unique and be sufficiently
large to attain the dimensions of the ship used as a flagship, but that ship
was not built substantially beyond the uniform shipbuilding tradition.
The size of the ship constructed is consistent with the size of available
space at the Treasure Shipyard (Church 2005, 2008). This matter can also
be logically addressed by looking at one large rudder stock found at the
shipyard. The rudder stock appears to have been used as an axial rudder
that could be hung on the stern; its remaining portion is 11.07 meters long.
The Tosen no Zu provides the proportional ratios of the hull and rudder
size of a Nanjing ship; the Nanjing ship shown on the scroll as having a
length of 34 meters could carry a rudder consisting of a stock about 6.4
meters long. This information indicates that the rudder stock from the
Nanjing shipyard could have been used for a larger ship.

For the Ming dynasty in China, which represented the rebirth of the
Han Chinese after driving out the Yuan dynasty descended from the
Mongol Empire, there would have been no inconvenience in using the
traditional type of flat-bottomed ships for the great expedition far toward
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the Western world. The ships show a substantial presence in Chinese mar-
itime history, especially in the tradition that firmly existed in the north,
as illustrated in numerous historical and iconographic resources (and re-
viewed in previous ethnological boat studies).

The development of shipbuilding technologies can be assessed in terms
of how structure and construction methods evolved historically as a tradi-
tion and made the flat-bottomed ship dominant as a representative type
of seagoing vessel along Chinese coasts. The integrated approach with a
focus on archaeological data in this chapter at least leads to identifica-
tion of the ancestral form of the northern tradition, which is important
for understanding the chronological and spatial dominance of one of the
Chinese shipbuilding traditions.



The Quanzhou Ship

This chapter provides detailed descriptions of one of the two representa-
tive East China Sea traders discussed in this book. The remains of the
hull known as Quanzhou Guchuan (Quanzhou Ancient Ship, &Mt
fiff), or the Quanzhou ship, have been studied over three decades as one
of the most important and intact archaeological shipwrecks ever discov-
ered in East Asia. The Quanzhou ship is a Chinese trader dating to the
second half of the thirteenth century. A comprehensive report, the col-
laboration of many Chinese researchers, was published by the Museum
of Overseas Communication History (1987), which is the custodian of the
ship remains. The Quanzhou ship has been reviewed and assessed in sev-
eral English-language studies (Merwin 1977; Keith and Buys 1981; Green
1983a; Stefty 1994; Burningham and Green 1997; Green et al. 1998; Mc-
Grail 2001). The ship is currently displayed at the Quanzhou Ancient Ship
Gallery in Kaiyuan-shi (Kaiyuan Temple, fd7T=F) at Quanzhou city in
Fujian Province. Because of preservation problems, the condition of the
ship remains is somewhat different from that at the time of its discovery in
the 1970s. In this chapter I review the in situ status of the hull while it was
being excavated, based on original reports and photographs produced
from the excavation work. Further details about the structure of the hull
have emerged from research conducted by members of the Department of
Maritime Archaeology at the Western Australian Museum. Also included
are the results of my archaeological inspection of the Quanzhou ship in
2008 and 2009. By reviewing previous work and giving a new perspective,
I aim to clarify the structural characteristics of the Quanzhou ship’s hull
and the principles of the construction method that were the conceptual
basis of the shipwrights’ work during the construction of this ship.
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Site Background and the Ship’s Discovery

The Quanzhou ship was the first vessel archaeologically excavated in
China or the East Asian region. Its discovery raised marked public inter-
est in local history and evoked the heyday of Chinese maritime trading.
Since the discovery, the Chinese archaeological journal Wenwu (34#))
has published a series of articles on the excavation and research. English
translations of these articles were later produced, resulting in the first re-
source (Merwin 1977) available for scholars not reading Chinese.

The Quanzhou ship was found in the tidal mud flats of the modern
Houzhu Harbor along the river Luoyangjiang flowing into Quanzhou Bay
(figure 4.1). Encompassing large estuaries of two major rivers, the Luoy-
angjiang and Jinjian, Quanzhou Bay has been known as a mooring place
throughout history. The bay contains several ports, including Houzhu and
Fashi. These harbors rose in prominence from the tenth to the thirteenth
century as major ports serving the city of Quanzhou (called Zaiton at
the time). The area of the ports, approximately ten kilometers away from
the city of Quanzhou, was known as Linjiangli during the Song dynasty
(AD 960-1279), and in the thirteenth century during the Yuan dynasty
(AD 1271-1368) it was renamed Houzhu. Throughout the Song and Yuan
dynasty periods, the area was settled by foreign merchants. The growth
of international trade is evidenced by various multicultural and religious
monuments remaining in the Quanzhou region (Chaffee 2001; Pearson
et al. 2002). Despite flourishing as an international port, Quanzhou Bay
became less significant during later periods because of environmental fac-
tors affecting the harbors, including the accumulation of silt. After the
fourteenth century, other historical cities such as Amoy began to domi-
nate the international seaborne trade, although Houzhu Harbor still func-
tions as a major port on Quanzhou Bay in modern times.

The Quanzhou ship was found in 1973 during dredging in the south-
western part of Houzhu Harbor, below sea level and covered by sediments
2.1-2.3 meters thick (figure 4.2). According to Douglas Merwin (1977: 10),
“When the vessel was discovered, only a portion of its side was exposed.”
The site plan indicates that this was the starboard side of the hull (Mu-
seum of Overseas Communication History 1987: 7). A test excavation was
implemented in the year of the discovery. As a result of the test excavation
near where the Quanzhou ship was found, stone pilings and wooden plat-
forms were also discovered, presumably associated with an ancient slip or






Figure 4.2. Exposed hull of the Quanzhou ship during excavation. Top: View of hull
looking southeast. Bottom: View of stern from port side. (Courtesy of Museum of

Overseas Communication History)
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part of the harbor structure, though details of the relationship between
this maritime infrastructure and the Quanzhou ship were not clearly ex-
plained (Merwin 1977:10). The full excavation started in 1974 and contin-
ued for a month and a half. The local authorities involved included the
Chin-chiang District Revolutionary Committee, the district’s Association
of Cultural Organizations, the History Department of Amoy University,
and the Museum of Overseas Communication History.

The excavation initially removed thick sediments covering the hull.
The strata were recorded and classified into three layers. The first layer
(400-600 millimeters thick) is coarse grayish yellow silt with a little sand
and containing modern artifacts, such as roof tiles and ceramic sherds.
The second layer (600-700 millimeters) is light gray-blue fine silt and
contains ceramics dating from the Song to Qing dynasty periods; between
the second and third layers is a thin sand layer. The third layer is dark
gray fine and dense silt and contains Song and Yuan dynasty ceramics
(Museum of Overseas Communication History 1987: 8-9). After the ac-
cumulated sediments were cleared, the hull was exposed. The quality of
sediments observed inside the hull was the same as that of the third layer
(Museum of Overseas Communication History 1987: 14).

A small trench was opened under the hull to assess the sediment on
which the hull lay. Dense fine silt was observed just under the hull, and
there was soft gray fine silt as well. In these sediments beneath the ship,
ceramics dating to the earlier part of the Song dynasty were identified. In
the dense gray fine silt, large pieces of oyster shells were found, and some
oyster shells were also discovered on the outer surface of the bottom of the
hull. Thus, the excavation report indicates that the study of sedimentation
was a primary determinative factor for the relative date of the Quanzhou
ship. Burial conditions of the ship in the sediments, however, have not
been fully explained from the viewpoint of site formation processes. The
hull was noted to be on a level plane when it was found (Merwin 1977:
11). According to Merwin (1977: 18), “Inspection of the present condition
of the vessel’s hull reveals virtually no signs of it having been repaired. It
was a seagoing vessel that had been built and in service not long before.”
These descriptions are not sufficient to determine whether the ship was
accidentally wrecked or deliberately abandoned.



74 - Archaeology of East Asian Shipbuilding

Hull Dimensions, Form, and Basic Structure

Overall dimensional information about the Quanzhou ship is outlined
here; fuller detail appears later in descriptions of the components. During
the full excavation in 1974, the well-preserved lower hull was revealed, and
it was dismantled to be carried away from the site. The dismantled com-
ponents were reconstructed at Kaiyuan-shi (figure 4.3). The overall length
of the hull remains is 24.2 meters, and the hull is 9.15 meters in breadth
(Merwin 1977: 11; Museum of Overseas Communication History 1987: 16).
The main structure of the hull consists of a keel, twelve bulkheads, and
sturdy planking. The hull planking forms clinker-like steps and consists of
multiple layers, double layers changing to triple layers around the turn of
the bilge. The forward part of the hull narrows to a sharp shape (perhaps
a narrow transom), compared to the broad stern (figure 4.4). The cross
section of the hull shows considerable deadrise in the bow; however, to-
ward the stern the sections are flatter and broader. Chinese researchers
have estimated that the cargo capacity of the Quanzhou ship could have
been more than 200 metric tons, and another study has demonstrated that
the laden displacement of the Quanzhou vessel was approximately 370
metric tons (Merwin 1977: 81, 94). The suggestion has been made that the

Figure 4.3. Reconstruction of the dismantled hull of the Quanzhou ship at the Kaiyuan

Temple. (Courtesy of Museum of Overseas Communication History)
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Figure 4.4. Quanzhou ship, plan of the hull and ship lines. (Courtesy of Museum of
Overseas Communication History)
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Quanzhou ship could have carried fifty people and some livestock (Mer-
win 1977: 96). However, because the upper part of the hull is missing, a
precise reconstruction cannot be made. Using a comparative perspective
based on study of the Shinan shipwreck’s hull (see chapter 5), I consider
it more likely that the cargo carrying capacity of the Quanzhou ship may
have been less than 200 metric tons.

Cargo Stowage

The inventory of artifacts discovered inside the hull is available in sev-
eral reports, along with information about their distribution in the holds
(Merwin 1977; Museum of Overseas Communication History 1987). The
quality and quantity of the original cargo have not been ascertained, as
loss or salvage of most of the cargo probably occurred after the wreck
event. However, the artifacts recovered consist of assemblages of several
seaborne trading materials, indicating the use of the Quanzhou ship as
a trader (see appendix 1). Recovered artifacts include various fragrant
woods and spices, such as pepper. These were common commodities in
Asian maritime trade (Schottenhammer 2010). Chinese ceramics are also
typical seaborne commodities likely to be identified in Asian merchant
shipwrecks. However, the amount of Chinese ceramics recovered from
this hull is relatively small. Most of these artifacts can be regarded as items
that were originally carried as cargo. Several inked wooden strips were
found; these seem to be labels or tags associated with the trade items on
the ship.

Distribution of the cargo is used to interpret the utility of the holds
and the cargo loading patterns of thirteenth-century East Asian seagoing
ships. In the case of the Quanzhou ship, however, very limited informa-
tion about cargo distribution is available, because detailed site plans were
apparently not produced during the excavation. Apart from the trade
goods, artifacts from the hull include possible personal belongings such
as carpentry tools, chopsticks, and ivory chess pieces. These appear to be
from the aft holds—the twelfth and thirteenth holds. The wider distribu-
tion of pieces of fragrant woods, from almost all holds apart from the
thirteenth (the aftermost) hold, indicates that they might have been a part
of the main cargo. These fragrant woods, however, show relatively small
dimensions, measuring 30-100 millimeters on average (the largest piece
is 1.68 meters in length). In the case of the Shinan shipwreck (see chapter
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5), the type of fragrant wood is of only one species (red sandalwood), and
the pieces are longer, on average. In the Quanzhou ship, each hold space
is smaller than in the Shinan ship. Therefore, the design of the Quanzhou
ship’s stowage space was more suitable for smaller cargo items.

Details of the Hull Structure

An intensive suite of surveys highlighting structural and construction as-
pects of the Quanzhou ship was conducted by a research team from Aus-
tralia between 1983 and 1994 (Burningham and Green 1997; Green et al.
1998). The results of the four surveys, performed in cooperation with local
researchers, included a detailed plan of the ship lines and a plan of the hull
structure drawn from offset measurements, careful visual observation,
and the use of an electronic distance-measuring system in 1994 (figure
4.4).1In 2008 and 2009, I further inspected the site for more a detailed hull
analysis. These most recent assessments were aimed at recording further
details of the hull structure.

Since the excavation in 1974, the hull of the Quanzhou ship has dete-
riorated so that physical contact must be minimized, and access to the
hull was limited during my latest survey. The deterioration appears to be
the result of the relative lack of conservation methods that were available
when the hull was recovered from the estuary. According to Guoqing Li
(2004), the intent was to season the waterlogged timbers as much as pos-
sible by slow drying, and conservators spent four years completing the
drying process with treatments that included covering the ship remains
with plastic sheets to retain moisture, disinfection of the timbers by spray-
ing a mixture of water and 5 percent alcohol, and control of humidity in
the storage room. To prevent exfoliation of the timber surface, coatings
consisting of sesame oil, tung oil, and acetone were applied. For pres-
ervation of the timber, a substance made from resin and paraffin wax
was used. Despite these efforts, deterioration appears to have continued.
Structural distortion of the hull, including shrinkage and cracking of the
planks, is visible. An example of changes in the hull can be seen in the
stern transom, comprising a vertical set of three layers of solid timbers;
in stark contrast to the current condition of the stern, this was originally
well preserved, and a circular rudder socket was visible in photographs
(figure 4.5). Information regarding the original dimensions of the rudder
socket appears to have been lost. The photographic record suggests that



78 - Archaeology of East Asian Shipbuilding

1 188 18 18
'

corroded iron nail

-\\‘-\

Figure 4.5. Stern of the Quanzhou ship at present (fop left) and as recorded in a black
and white photograph taken during the excavation (top right). Modern iron nail seen
at the bottom of the hull (bottom). (New photos [top left and bottom] by author; older
photo [top right], courtesy of Museum of Overseas Communication History)

there could have been more accurate data recording immediately after the
hull was revealed. Even from the remains of the stern in their current con-
dition, however, it is still obvious that the rudder was raked at the same
angle as the transom and that the rudder post could slide up and down in
the socket.

Further, many iron nails were initially used for the modern hull reas-
sembly, and later their corrosion became the cause of secondary damage,
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resulting in additional recent deterioration of the timbers. In an attempt
to find a fastening system that would have less impact on the hull, con-
servators replaced the iron nails with bamboo nails (Li 2004). But this
work seems to have been incomplete, and many corroded iron nails as
well as bamboo nails are exposed in the lower part of the hull (figure 4.5).
In addition to the degradation of the nails themselves, many cracks are
evident around these iron nails and the holes where they penetrate the
hull planks.

A more serious consideration is the position of the modern nails,
which are said to have been driven into the original nail holes. In the
outer structure of the hull, Portland cement was used to seal the heads
of the modern nails or perhaps to fill both original and nonoriginal nail
holes. Nails were driven from the surface of the outermost planking to the
inner planks, yet the nails’ driven patterns appear more or less random.
Whether these modern nails were located exactly in the original nail posi-
tions could not be examined, because of the lack of recorded details of the
reconstruction work. The structural distortion of the hull and imprecise
reconstruction have been taken into consideration here to allow an ac-
ceptable range of error in recovering data from the ship. Furthermore, in
an attempt to minimize the risk of misinterpretations arising from reli-
ance on information from the current ship remains, the assessment in the
following section of the structural characteristics of the Quanzhou ship is
made partly from the original resources—reports and photographs pro-
duced in the 1970s and 1980s—as well as the results of the more recent set
of surveys.

Keel

The keel of the Quanzhou ship is composed of three parts: a forward keel,
a main keel, and an aft keel. These are joined by stopped scarfs with ten-
ons (figure 4.6). In the Chinese shipbuilding tradition, a keel is called a
longwu, meaning a dragon spine (see glossary). Accurate dimensions and
the configuration of the keel in the current hull are elusive because of the
difficulty of access to the inner hull. However, dimensions and details are
provided in the existing literature. The overall length of the keel (consist-
ing of the main keel and aft keel) is 17.65 meters, and its width is 0.45 me-
ters (Merwin 1977: 11-14; Museum of Overseas Communication History
1987). The depth of the keel is about 400 millimeters (the depth of the keel
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Figure 4.6. Scarf of the keel showing circular holes in which coins and a mirror could

be placed. (Courtesy of Museum of Overseas Communication History)

below the garboard, which sits down in a rabbet, is 270 millimeters). The
length of the main keel measures 12.40 meters, and the length of the aft
keel is 5.25 meters. The aft end of the aft keel is tapered. While the forward
keel measures 4.50 meters, the end of the forward keel may be partly lost.
The forward end of the forward keel is tapered as well and measures 180
millimeters in width and 200 millimeters in height.

The forward and aft keels are scarfed to the main keel and are angled
upward; the forward keel slopes upward 20 degrees, and the main keel
15 degrees. In the joints or scarfs, the upper members of the forward and
aft keels overlap the lower member of the center keel by fitting an end
joint with an added mortise and tenon. Remarkably, there is no recorded
evidence of nails being used on these scarfs (Museum of Overseas Com-
munication History 1987). A tradition of placing seven coins or coin holes
with a bronze mirror, known as bao shou kong (see glossary), was con-
firmed in the scarf between the forward keel and main keel.

Structure of the Bow and Stern

Upper structures of the bow and stern of the Quanzhou ship are missing,
but their characteristics can be partly inferred from the remains of the
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lower hull and the general characteristics of Chinese watercraft. Mod-
ern reconstruction at the bow prevents direct examination of the original
configuration (figure 4.7). A large timber was apparently placed forward
of the keel scarf of the forward and main keel, according to the plan of the
ship (see figure 4.4). It is regarded as a hog piece. A forward mast step sits

Figure 4.7. The Quanzhou ship’s bow (top, front view) and stern (bottom, aft view).
(Photos by author)
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on the aft end of the hog piece. The first bulkhead is placed immediately
abaft the aft end of the hog piece and mast step. The fastening methods of
these components could not be examined, as their joins are not visible in
the reconstructed hull. With regard to the missing part of the forward keel
and bow structure, whether the Quanzhou ship had a trapezoid-shaped
bow transom is open to question. In the case of the Shinan shipwreck, a
transom bow surmounted the end of the forward keel (see chapter 5). A
similar structure may have been used on the Quanzhou ship.

Three layers of heavy timber baulks appear to compose a stern transom,
barely identifiable given the current state of the hull. The layers are not
evident on an old photograph of the stern (see figure 4.5). A layer of thin
sheathing can be seen on the outside of the current stern transom, and
this is evident in the old photograph (see figure 4.5). The published infor-
mation indicates that the remaining part of the stern transom measures
1.37 meters (Museum of Overseas Communication History 1987: 21). The
breadth across the top of the remaining transom is 3.44 meters, and the
width of the two or three baulks is 0.44 meters. The stern transom is raked
aft 20 degrees. A large slot for a rudder stock passes through the center
of the aft face of the transom. The diameter of the slot is 380 millimeters.
This is slightly less than the width of the baulk. The current dimensions of
the slot may not precisely reflect its original dimensions, given the dete-
rioration of the timbers around the hole. There is no clear evidence as to
how the rudder stock was secured to the stern transom. The rudder post
could simply have been slid into the slot. The rudder was probably similar
to the hoisting type of rudder as recorded in Worcester’s ethnological boat
study of Chinese junks (Worcester 1971: 98). A structure to retain the rud-
der of the Quanzhou ship is designed for a transom-mounted rudder. In
the same way as premodern junks used wooden gudgeons (or sockets),
the rudder of the Quanzhou ship could have been slung from a windlass
and raised or lowered as circumstances required. Hull planking in the
stern extends beyond the stern transom to form a sort of false counter
stern. This indicates that a superstructure including a stern gallery could
partly have shielded the stern transom as well as the rudder.

Hull Planking

Hull planking of the Quanzhou ship consists of double- and in parts tri-
ple-layered planking. The strakes are edge-joined by skew nailing through
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Figure 4.8. Plan of the planking arrangement, showing the positions of the iron brack-
ets and butt. (After Burningham and Green 1997)

rabbets, which produce clinker-like steps in some strakes, while most are
flush or carvel. This skew-nailed and rabbeted construction is important
to the strength of the hull. Thirteen strakes remain on the starboard side
and fifteen strakes remain on the port side. During the survey in 1994 a
sixteenth strake was recorded on the port side (figure 4.8). However, in
the 2009 survey the uppermost strake (the sixteenth) was observed to be
missing, and the uppermost sheathing plank associated with the four-
teenth and fifteenth strakes had also disappeared. Each strake consists
of two or three planks per side, their butts showing two different joint
methods: a short lap joint and long scarf joint (figure 4.8). However, the
long scarf is an exception, appearing in only one join. The lengths of the
planks range from 9.21 to 13.50 meters. Their widths are 280 to 380 milli-
meters. The thickness of the planks shows a difference between the layers.
The first, inner layer is about 82-85 millimeters in thickness, compared
with the two outer-layer planks, consisting of the second plank at 50 mil-
limeters thick and the third plank (the outermost planking layer) at 30-50
millimeters thick.

The hull planking of the Quanzhou ship thus shows a complex struc-
ture. An earlier study has highlighted the complexity of the planking
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system (Green et al. 1998). In the hull planking of this ship, one to two
outer layers function as sheathing to protect the main planking from the
naval shipworm, Teredo navalis. The outer layers also contribute to the
strength of the plank shell. The planking is in two layers up to around the
beginning of the turn of the bilge, and above that there are three layers
(figure 4.9). To assemble and key the multiple layers, the planking forms a
combination of carvel and clinker construction. The terms rabbeted carvel
seam and rabbeted clinker seam (see glossary) were introduced to explain
the complex planking (Green et al. 1998: 284). A cross section of the layers
of planking shows that the assemblage of the inner planks consists of a
set of rabbeted carvel seams and rabbeted clinker seams (figure 4.10). The
outer layers are fitted to the clinker steps but have no rabbet where they
repeat the step. These outer layers form the clinker-like steps, but they are
not functionally of clinker construction; rather, they are simply fitted to
the inner planks to cover and protect them.

The significance of the hull planking hinges on the arrangement of
the inner layer as follows. The rabbeted clinker construction appears on
the seams of the second and third strakes, fifth and sixth strakes, eighth
and ninth strakes, and eleventh and twelfth strakes, which amount to the
remains of four clinker steps (figure 4.10). The rabbeted carvel seams ap-
pear between those clinker steps. The pattern of the set of rabbeted carvel
seams and rabbeted clinker seams continues up to the twelfth strake. All
grooves on the rabbeted clinker and rabbeted carvel seams show consis-
tency, being cut into the inside on the upper strakes.

Iron nails are used for the fastening of the planking. Nick Burning-
ham and Jeremy Green (1997) confirmed that these nails were diagonally
driven down from the upper plank to the lower, so the fastening can be
termed skew nailing. The nails are called ding ting in Chinese reports (Mu-
seum of Overseas Communication History 1987; see glossary). A Chinese
scholar estimated that the nails used for the planking were 200 millime-
ters in length (Burningham and Green 1997: 42). With regard to the origi-
nal nails, their corroded remains and driven patterns are scarcely identifi-
able in the currently visible part of the hull planking. Nevertheless, during
the survey in 2008, efforts were made to identify original nails or nail
holes. This was based on an assumption that the upper strakes, which are
away from the keel, were less impacted by the modern restoration work
described earlier in the chapter, such that replacement with modern nails
might not have been carried out in some parts. Strake no. 13 of the inner
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Figure 4.9. Three-layered hull planks showing rabbeted seams in the innermost planks.
(Courtesy of Museum of Overseas Communication History)
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Figure 4.10. Clinker steps of the plank shell from the combination of the rabbeted
carvel seams and rabbeted clinker seams. (After Burningham and Green 1997)
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Figure 4.11. Degraded metal object found
in the hull, believed to be a nail punch.
(Courtesy of Museum of Overseas Com-

munication History)

planking on the starboard side, the remnant of the uppermost strake, ex-
poses nail holes and remains of corroded iron nails on its seam with the
adjacent missing upper strake. The inner strake is overlapped by two outer
planks, but only this inner strake shows the nail holes on the seam; the
seams of the outer strakes are not edge-fastened by the skewed nails. The
nail holes and degraded iron nails are spaced 150-200 millimeters apart.
The nailing of the garboard to the keel and of the second strake to the
garboard occurs approximately 125 to 150 millimeters apart. The original
iron nails were driven around 90 millimeters above the plank seam from
the upper strake to the lower strake from the outside of the hull (Green et
al. 1998). According to Li (1989), after nails were fully driven through the
surface of the plank, they were further hammered using a nail punch to
recess the nailheads into the plank. Or more likely, the nails were recessed
into notches that had been made with a chisel. To protect the iron nails
from corrosion, the recessed nail heads could have been sealed with putty
(possibly a substance known as chunam [see glossary]). A nail punch was
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found in hold no. 13 at the bottom of the Quanzhou ship. The remains
of this tool, however, seem to exist no longer. There is a black and white
photograph of it, but details based only on the photograph are incomplete
(figure 4.11).

Bulkheads

The Quanzhou ship features bulkheads as a transverse component of the
hull. Twelve bulkheads produce thirteen holds in the hull. Upper planks
of most bulkheads are missing, and the remains of the planks vary in
each bulkhead. For example, bulkhead no. 8 has six planks, the largest
number remaining, and measures 1.86 meters in height. In contrast, on
bulkhead no. 6 only three planks remain, and this bulkhead measures
0.80 meters in height (figure 4.12). These bulkheads were reported to be
irregularly spaced (Merwin 1977). The largest spacing, that of the eleventh
hold (between bulkheads nos. 10 and 11), measures 1.80 meters; for the
twelfth hold, where the narrowest spacing occurs, the space between the
bulkheads measures 0.80 meters. It is also obvious that the first two and
last two bulkheads are narrowly spaced. In the 2009 survey, I reexamined
the bulkhead spacing. The result shows more regularity in spacing from
bulkhead no. 2 to bulkhead no. 10 than was previously recognized. These
bulkheads are spaced approximately 1.5 meters apart, with variation from
1.42 to 1.55 meters. The survey revealed that some bulkheads were not cor-
rectly located in the original positions in reconstruction processes. The
measured spacing was corrected for observed misalignments. For exam-
ple, the upper part of bulkhead no. 1 is not as far forward as it should have
been and does not rake forward enough. This prevents it from properly
meeting the upper planking.

The thickness of the bulkhead planks is approximately 80-120 millime-
ters. Their width ranges from 250 to 530 millimeters. The topmost extant
plank tier of bulkhead no. 4 consists of two planks, which are joined to-
gether by stopped scarfs. Similar scarfs also appear in the two top planks
in bulkhead no. 8 and in the topmost extant plank tier of bulkhead no.
9. According to an old photograph, metal clamps could have been used
to fasten these scarfs, but this cannot be seen in the current hull (figure
4.13). Apparently, the same fastening method by clamps could have been
used to tighten the bulkhead plank tiers (figure 4.13). These clamps are
not mentioned in previous reports, and the absence of a record of these
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bulkhead 1 (forward side)

bulkhead 3 (forward side)
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Figure 4.12. Cross sections showing the remains of the bulkhead planks and brackets. Bulk-
head no. 8 (top) presents the use of a large frame in the forward side and brackets in the aft
side, and the same arrangement appears in bulkheads nos. 7-12 (right side images). Bulkheads
nos. 1-6 (left) have the brackets forward and large frames aft. (Courtesy of the Western Aus-
tralian Museum; drawings by author)
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Figure 4.13. Stopped scarf joint of the bulkhead plank fastened by an iron clamp (fop) and iron

clamps fastening bulkhead planks together (bottom). (Courtesy of Museum of Overseas Com-
munication History)
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fastenings initially aroused suspicion that they might be a modern in-
stallation. Yet the use of iron clamps or dogs to tighten plank tiers was a
common technique in Chinese shipbuilding traditions (Worcester 1966).
The early use of iron clamps can be carefully addressed with the possible
example of the Quanzhou ship.

Upper and lower edges of the bulkhead planks are rabbeted to join the
planks tightly. The groove of the rabbet is cut on the forward side up to
bulkhead no. 9, and from bulkhead no. 10 on, the groove appears on the
aft side. Iron nails are also used for the fastening of the bulkhead planks.
These nails are driven downward from both the forward and the aft face
of the bulkheads. They appear to be rather randomly spaced. The use of
wooden bulkhead fastenings such as wooden tenons has not been identi-
fied in the Quanzhou ship. Because the exposed seams of the bulkhead
planks are obscured, however, this detail could not be determined with
certainty. The use of wooden bulkhead stiffeners, which appear to have
been vertically attached to the bulkhead surface, is barely evident in the
old photographs (see figure 4.12). These are missing in the current hull,
though in some bulkheads the modern wooden strips have been recon-
structed to look like the originals (figure 4.14).

The sides of the bulkheads have been carefully shaped. They are cut
to fit neatly to both the carvel and the clinker profile of the inside of the
hull. The edges of some bulkhead planks are notched or hooked to fit
over clinker seams, but this is seldom the case, because the seams of the
bulkhead planks often align with the clinker seams of the hull planking
in a way that prevents the bulkhead planks from being hooked over the
clinker step (see figure 4.12). There are fairing laths on the inside at each
clinker step. The fairing laths prevent water and debris from lying in the
clinker steps. Some fairing laths run under the bulkheads, while others are
cut to fit between bulkheads.

Limber holes for drainage of bilgewater are cut into the bulkheads. The
old photograph shown in figure 4.15 is an early record of the bottom plank
of a bulkhead: the bottom plank is substantially degraded, compared with
the upper bulkhead planks. The degradation appears on most of the low-
est bulkhead planks from bow to stern. These bottom planks were likely
kept wet by bilgewater much of the time and became waterlogged. Ac-
cording to a Chinese report, limber holes had dimensions of 120 x 120
millimeters (Museum of Overseas Communication History 1987:19). Un-
impeded by the bulkheads (and frames), the bilgewater could flow along
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Figure 4.14. Vertical wooden strips in
bulkheads nos. 10 and 11 represent the
reconstruction of the original bulkhead
stiffeners. (New photo [above] by author;
older photo [left] courtesy of Museum of
Overseas Communication History)

the channel formed by the garboards, which stand at a fairly steep angle
of deadrise from the keel. Bilge boards or bottom ceiling planks sit on
the seam between the bottom plank and second plank. These planks or
boards would have kept cargo and other things from falling into the bilge
(figure 4.15).



Figure 4.15. Bilge boards
(or bottom ceiling planks)
and the degraded bottom
bulkhead plank. (New
photo [above] by au-
thor; older photo [right]
courtesy of Museum of
Overseas Communication
History)
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Fastenings

The bulkheads are fastened to the hull planking by metal brackets called
gua ju (see glossary). Details of the brackets in the Quanzhou ship are
given in previous studies (Xu 1985; Museum of Overseas Communication
History 1987:19-20; Li 1989; Burningham and Green 1997: 44; Green et al.
1998: 288-89; Zhang et al. 2004: 288-90). The brackets were made of iron.
Most of the brackets have been completely lost through corrosion and
probably past salvage, but a few corroded fragments remain. The shapes
and positions of the brackets are shown by iron corrosion deposits on the
faces of the bulkheads. In some cases, slight recessing in the bulkheads
where brackets were let in is of use in determining the original configura-
tion. The brackets are L shaped and measure approximately 300-550 mil-
limeters in length, approximately 50-60 millimeters in width, and about
6-7 millimeters in thickness, based on the evidence of the slits in the hull
planking through which they passed. The L-shaped portion of the brack-
ets is fastened on the outer face of the inner planking, and the brackets
passing through slits in the planking are recessed into the surface of the
bulkheads. The depth of this recess varies, and in some cases the recess
is slight or absent. The brackets are fixed on the planks and bulkheads by
four or five short iron nails. These iron nails are only barely identifiable in
the current hull. At one place, the nail seems to have been driven diago-
nally, not perpendicularly, into the bulkhead. This is an inconvenient way
to fix the brackets, and a single example cannot be relied on as indicative
of the normal arrangement. As to how the brackets were fitted, hull planks
and bulkhead planks were chiseled to make slits and recesses before the
brackets were installed. In the uppermost plank of bulkhead no. 8 on the
port side (and possibly on the starboard side as well), there is a very slight
recess (figure 4.16). This might be evidence that the bracket was wrongly
positioned at first and that the shipwright stopped the chiseling.

The distribution of the brackets on the hull planking shows a logical
pattern and some regularity (Burningham and Green 1997: 44; Green et al.
1998: 289-91). As mentioned, two or three planks make up each strake of
the hull, and the brackets are never positioned at the butts of the planking
but instead are almost all adjacent to the butts (see figure 4.8). The posi-
tion of the brackets is symmetrical on the port and starboard sides except
for one extra bracket in the tenth strake that is positioned at bulkhead no.
8 on the port side only. Not all strakes are fastened to each bulkhead with
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Figure 4.16. Part of a bulkhead plank (inside the circle) that shows evidence of recessing
not completed. (Photo by author)

brackets. There are no brackets fastening the garboard strakes, as they
would not fit, but all other substantially intact strakes have at least one.
Forty-six bracket positions on the strakes on the port side were re-
corded in the 2009 survey. On the fifth and eleventh strakes, only one
bracket was confirmed. The seventh strake shows the greatest number of
brackets: six. The number of brackets on the other strakes ranges from
four to five. The number of brackets remaining on each bulkhead on the
port side (some indicated only by the recesses) is as follows, with the
number of brackets in parentheses: bulkhead no. 1 (one); no. 2 (three);
no. 3 (two); no. 4 (five); no. 5 (five); no. 6 (three); no. 7 (five); no. 8 (seven);
no. 9 (six); no. 10 (six); no. 11 (three); no. 12 (zero). The number of brackets
per bulkhead varies, yet a certain pattern of use of brackets is definitive, as
at least one bracket must be used for each set of three planks with carvel
seams. On the bulkhead profile, the strake(s) that comprise the four carvel
sets show either one bracket or two brackets per set. The brackets thus can
be seen as fastenings for joining a set of strakes to the bulkheads rather
than just as fastenings for individual planks. The brackets are recessed
into at least two bulkhead planks (in some cases three bulkhead planks).
Their lengths vary. Either shorter or longer brackets are attached over the
lower and upper bulkheads in such a way that each bulkhead plank from
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the bottom to the top can be fixed by one of the brackets. Thus, the brack-
ets can be also seen as a method for fastening a set of bulkhead planks.

The brackets can sustain tension in only one direction and do little
to secure the bulkheads and planking in any other direction. The brack-
ets, however, are used together with nails. The nails through the inner
planking to the transverse components (bulkheads and frames) are not as
strong as the brackets, but they strongly resist distortion in other direc-
tions. The use of the two different types of fastenings together creates a
strong system to secure a plank shell and transverse component. Whether
iron nails were driven from the innermost planking into the bulkheads
when these components were assembled together is still arguable. The
outer planking for sheathing obscures the identification of the use of
iron nails in the inner planking. Part of the topmost plank that remains
at bulkhead no. 7 exposes the outside surface of the innermost plank,
where iron nails appear to have been driven originally from the outside
of the inner planking to the bulkheads. They are identified as corrosion
remains, and original nail holes are positioned where the bulkhead plank
was originally placed. Although the original bulkhead plank is missing,
its position can be ascertained by the location of an opening from the iron
bracket. The use of Portland cement sealing a modern nail was observed.
This nail is located where it can fasten the planking and frames together.
A fastening method used in the Shinan ship demonstrates two transverse
components: both frames and bulkheads are fastened to the hull plank-
ing by iron nails. Use of the same method of fastening is also taken into
consideration in the Quanzhou ship.

Frames

Half frames are fitted against the bulkheads on the side toward midships:
in other words, the frames on the six forward bulkheads are on the aft
faces of the bulkheads, and aft of midships the frames are on the for-
ward faces. There is no frame associated with bulkhead no. 12. Most of the
frames observed in the current hull remains are not original, according
to communication with staff of the Museum of Overseas Communica-
tion History during the 2009 investigation. Only the frames associated
with bulkhead no. 1 are likely to be original, and these frame timbers are
significantly deteriorated, but they are half frames (figure 4.17). The only
evidence regarding the dimensions of the original frames comes from



Figure 4.17. Top view of bulkhead no. 1, which has original half frames (top). Large half
frames were attached to the bulkheads (bottom). (New photo [top] by author; older
photo [bottom] courtesy of Museum of Overseas Communication History)
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the surface of the bulkheads, where the outline of the upper edge of the
original frames can be faintly seen, and from the planking, where the edge
away from the bulkhead can be discerned in places. The faint lines indi-
cate that the frame was approximately 280 millimeters at its widest, with
sides of approximately 200 millimeters indicated by lines on the plank-
ing. These are fairly large dimensions for frames, which can be seen as
auxiliary to the bulkheads. They were presumably intended to secure the
bulkheads against deformation and against sliding forward and aft with
the brackets. An old photograph shows the structure of the frames, con-
sisting of two pieces of timber per side (figure 4.17). The timbers of the
frames meet at the keel, where limbers are cut in the frames.

Other Hull Components

Two mast steps remain in the hull. Their dimensions are available in the
published report (Museum of Overseas Communication History 1987:
22). A forward mast step is positioned on the forward side of the first
bulkhead (figure 4.18). It measures 1.76 meters athwartships, 0.50 meters
fore and aft, and 0.36 meters in depth in the middle. Mortises, measuring
240 x 210 millimeters and spaced about 400 millimeters apart, presum-
ably indicate the position of two tabernacle cheeks. A mainmast step is
located on the forward side of bulkhead no. 6 (figure 4.18). It is shaped
to fit directly on the keel and hull planking out to the fifth strake. It mea-
sures 2.74 meters athwartships, 0.56 meters fore and aft, and 0.48 meters
in depth in the middle. Two tabernacle mortises are placed about 375
millimeters apart and measure 240 x 210 millimeters. The mast steps are
not now accessible for examination of their details, and how they were
fastened to the hull has not been determined. Photographs taken dur-
ing excavation show that there were substantial timbers running forward
from the mainmast step to the frame on bulkhead no. 5 to secure the step
against moving forward. The diagram in the report shows that the bottom
of the forward mast step has a somewhat rounded shape where it fits into
the bilge, whereas the bottom of the mainmast step has a flat shape fitted
to the keel (Museum of Overseas Communication History 1987). A large
notch on bulkhead no. 5 is thought to be related to the mast, which could
possibly have been lowered aft in its tabernacle with the heel of the mast
swinging forward through the gap in bulkhead no. 5 (Burningham and
Green 1997; Green et al. 1998).
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Figure 4.18. Photographs
of the mainmast step
(above) and forward
mast step (right) after
excavation. (Courtesy

of Museum of Overseas
Communication History)

There is an unidentified timber (recorded in an old photograph) placed
on the current hull (figure 4.19). This timber is rectangular in shape, with
a length of 3.00 meters and measuring 0.32 x 0.20 meters in cross section.
It has a square hole (110 x 120 millimeters) at one end, and the other end
is tenoned. According to the original report, this timber was discovered



Figure 4.19. Top: Timber discovered near the stern; its purpose has not been deter-

mined. Bottom: A cylinder-shaped timber, possibly part of a windlass. (Courtesy of
Museum of Overseas Communication History)
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outside the stern and is not related to the hull structure, but that presump-
tion has not been verified.

A capstan or perhaps a windlass mentioned in the report is not visible
in the current hull as displayed at the Quanzhou Ancient Shipwreck Gal-
lery. Researchers found a cylinder-shaped timber with a length of 1.4 me-
ters and a diameter of 0.35 meters. It has four notches in the midsection,
and on one side are holes 130 millimeters in diameter. This is probably
a windlass barrel, with holes for the pins or hand-spikes. Because of the
loss of the actual object, a photograph is the only record available for this
object (figure 4.19). One photograph indicates that this possible windlass
might have been in the stern when it was discovered (see figure 4.2).

The excavation report also describes the discovery of the wooden post
already mentioned, 3.00 meters long and with a rectangular cross section
of 0.32 x 0.20 meters. Besides this solid timber, another four pieces of
timber, an oar, and long bamboo poles were listed. However, identify-
ing where these were located in the hull is not possible. The information
about these additional findings was drawn from the Chinese reports and
resources including photographs and videos in the Quanzhou Maritime
Museum’s custody.

Perspectives on Hull Construction

More precise dating of the Quanzhou ship and a closer examination of
construction methods have yielded additional insights.

Hull Construction Date by Radiocarbon Dating

The initial determination of the date of the Quanzhou ship was based on
study of its cargo. I attempted to collect new data regarding the hull con-
struction date through radiocarbon dating of timber from the Quanzhou
ship. Despite the fact that the amount of cargo found represents about 1
percent of the original load, the assemblage of the cargo remains indicates
that the ship probably dates to the last quarter of the thirteenth century. In
particular, the era of the minting of the coins (1265-74) was determined
to be the latest date, after which the ship was sunk or abandoned. Radio-
carbon dating of timbers provides a better understanding of the time of
the ship’s construction. Two pieces of timber from the hull were provided
by the Museum of Overseas Communication History as specimens for
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Table 4.1. Radiocarbon dates of timber samples from the Quanzhou ship

Conventional radiocar-

ID bon age (yr. BP+10) Calibrated age
1o calibration 20 calibration
date range date range

Sample 1 685120 AD 1280 (61.5%) AD 1275 (70.1%) AD
AD 1298-1373 1305-1363 (25.3%)
(6.7%) AD 1377 AD 1385

Frame 810420 AD 1220 (68.2%)  AD 1186 (95.4%)
AD 1254 AD 1269

detailed study during the inspection of the hull in 2008. The details of
the timbers are not known, except for the fact that they derived from the
Quanzhou ship. One of the specimens appears to be a portion of timber
used for planking, perhaps from among the outermost planks. The wood
species of these specimens do not conflict with the presumption that the
specimen identified as Sample 1is a part of a plank and the sample identi-
fied as Frame is a part of a frame (see chapter 6).

The two samples (that is, Sample 1 and Frame) were tested at the ac-
celerator mass spectrometry (AMS) facility at the Paleo Labo Company
in Japan. Table 4.1 shows the radiocarbon dating results. The conventional
radiocarbon ages for the two specimens show approximately a hundred-
year difference, with the Frame sample having an older date than that
for Sample 1. The date variance between the two specimens may be ex-
plained in terms of the timeline of installation of the hull components.
Hull frames are primary inner structures, while the outer planks of the
Quanzhou ship are likely to have been assembled later than the frame. The
construction of the Quanzhou ship thus could have begun earlier than the
1270s.

Construction of the Plank Shell

Not until the 1990s was a series of surveys performed involving detailed
analysis of the hull construction method; teams from Western Australia
conducted these surveys, which suggest that the Quanzhou ship is likely
to have had plank-first construction. A primary aspect of bulkhead-first
construction (in which bulkheads should be seen as solid frames) is that
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the bulkheads must be strongly fastened to the keel by large nails (or
bolts). The use of nails was not confirmed during my inspection of the
Quanzhou ship, as direct access to the hull was limited. However, there
seem to have been no nails used to fasten the bulkhead planks to the keel.
Indeed, the possibility that such large nails could have been driven into
the thin bulkhead planks of the Quanzhou ship is unlikely.

Plank-first construction is inferred by looking at some innovations in
the construction of the ships plank shell. The rabbets of the planking that
are arranged the same way, for example, could have facilitated the work
of shipwrights assembling the inner plank shell. The projecting lips on
the lower part of upper planks that appear on the outside are likewise
helpful for plank-first construction. Through this method, shipwrights
could have more easily joined the upper strake into the lower strake along
the curvature, probably by fixing the rabbeted seam of the strakes in the
midsection first, then pushing and fastening the upper strake from there
gradually forward or aft.

Another innovation is the construction of the plank shell by fastening
together a set of strakes. Each set is formed by strakes that are edge-joined
by carvel seams, and the strake sets are fastened into the bulkheads with
iron brackets. The distribution pattern of the brackets is concentrated in
positions adjacent to the butts of the strakes. Because the butts are weak
points of the plank shell, this way of positioning the brackets around butts
to secure them follows a logical and deliberate construction principle.
Furthermore, there are many brackets in strakes above clinker seams and
fewer in strakes below clinker seams. As joints of the carvel-built strake
sets, the clinker seams needed to be secured as important joint parts.
The structural principle results from the shipwrights’ understanding that
the plank shell was the most fundamental structure for constructing the
sturdy hull of the Quanzhou ship.



The Shinan Shipwreck

The Shinan ship discovered in Korea is another representative seagoing
ship that originated in the East China Sea region. More commonly known
as the Shinan shipwreck, it is dated to the first quarter of the fourteenth
century. The importance of the Shinan shipwreck has been recognized
since its discovery. Experts at the National Research Institute of Maritime
Cultural Heritage (National Maritime Museum), located in Mokpo city
in Korea’s South Jeolla Province, have analyzed its structure and hydro-
dynamic and hydrostatic performance. Official resources available in Ko-
rean include excavation reports and analysis of the hull (Choi 2004; Kim
2004; Lee 2004; National Maritime Museum of Korea 2006a). The ship
has also been discussed in English-language sources (Keith 1980; Keith
and Buys 1981; Green 1983b; Green and Kim 1989; Lee 1991). I inspected
the hull of the Shinan shipwreck in 2007 and 2009 with support from
researchers at the National Research Institute. The following sections re-
view the hull structure based on the previous research and assess some
nonstructural elements, including historical background and cargo. The
hull construction method is described in detail with new perspectives.

Site Background and the Ship’s Discovery

The Shinan ship is an East Asian trader sunk around the early fourteenth
century. Its hull is as large as that of the Quanzhou ship. The background
of this shipwreck involves maritime trade between Korea, China, and Ja-
pan during the Yuan dynasty (AD 1271-1368). One of the bronze plumb
weights recovered from the cargo bears the inscription Qingyuan Lu
(BT, now known as Ningbo), which suggests that the ship sailed from
that Chinese port. One of the discovered wooden strips or labels shows
the name of the Japanese temple Tofukuji (B81E5F), located in Kyoto,
which suggests that the destination was Japan. This wooden strip or tag
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provides a date of 1322, described as “Zhizhi San Nian” (25 =4F), dat-
ing to the Yuan dynasty, and the date range of bronze coins from the ship
also supports the idea that the ship was engaged in trade in the early
fourteenth century. The Yuan dynasty, considered as descended from the
Mongol Empire and also regarded as an imperial dynasty of China, took
over maritime hegemony from the Southern Song dynasty (AD 1127-
1279) in 1279. The Yuan rulers adopted a strict policy to control overseas
trade. In addition, the Mongol invasion produced a temporary decline
in overseas diplomatic exchange, including communications between
Japan and China. Under these circumstances, maritime trade persisted
sporadically because of overseas demand for commodities and continued
to benefit Japanese society, contributing much to Japan’s material culture.
The Shinan ship carried some antique and used tea wares on board (Mori
2008), which are testimony to the market demand.

Historical study and cargo analysis suggest that the Shinan ship can
be classified as an East China Sea trader in the category “temple-shrine
chartered ship” (Murai 2005). Temples and shrines in Japan authorized
by the Japanese central rulers were allowed to invest in maritime trade to
finance their building expenses. Chartered ships carried cargoes partly or
entirely owned by a temple or shrine. They sailed overseas as authorized
merchant ships and were particularly active from the thirteenth to the
fifteenth century. Japanese temples and shrines were delegating the ships,
but the owners of the chartered ships and the sailors could be Chinese.

The Shinan shipwreck was located about four kilometers offshore from
Imjado Island, which is one of the islands of the Shinan-gun, in the Jeolla-
nam-do archipelago (figure 5.1). The site is in a strait between two islands.
The water depth is twenty meters, and the area is known as a narrows, dif-
ficult to navigate, where a tidal race flows at an average of 2.5 knots. The
strong tide and the seabed sediments consisting of fine sands and gravels
cause turbid water, which restricts underwater visibility to 150-200 mil-
limeters. Seasonal excavations from mid-July to mid-November, the most
favorable season, were conducted for nine years to complete the recovery
of artifacts and the hull.

According to a site report, the site was initially discovered in 1975 by
a local fisherman, who recovered numerous ceramics; immediately af-
ter this discovery, the site began to be disturbed by locals, creating con-
cern among government officials (National Maritime Museum of Korea
2006b). An archaeological survey and excavation were conducted in



il

Figure 5.1. Top:
The location of the
Shinan shipwreck

in the waters of the

Shinan archipelago.
Bottom: Cross
section show-

ing the buried

condition of the

2\ /V N . 77 Shinan shipwreck.
ﬂ%‘\‘\w&\q/my e “ oo (After, from top:
% M” 2 7 National Maritime
s L] //

() ” Museum of Korea
2
%f% //// 2006b; courtesy of

National Maritime

Museum of Korea)



(2910Y] JO WNISNIA] SWIILIBJA [BUOTIEN JO £5911n0D)) [Ty oY} JO Ue[] ‘'S 9131y




The Shinan Shipwreck - 107

collaboration with the Korean Navy Support Force from 1976 to 1984. In
1976 the Ministry of Cultural Properties conducted a site assessment sur-
vey to determine the significance of the site. Eleven full excavations were
implemented during the following years. In the fifth and sixth underwater
excavations, in 1979 and 1980, Korean survey teams identified the main
structure of the hull, including the keel and well-preserved planking to
the fourteenth strake on the starboard side and four strakes on the port
side. These surveys found that the ship remains lay on the seabed inclin-
ing about 15 degrees to starboard (figure 5.1). The hull components were
raised from the seabed in 1981 and 1983 by cooperating navy divers. Be-
cause of the difficult environmental conditions, the hull was dismantled,
being cut into conveniently sized pieces underwater. Approximately 720
pieces were thereby recovered by the end of the work. The recovered parts
consist of 479 portions of the hull’s structural timbers and 223 portions of
thin wooden planks that were sacrificial sheathing planks.

The Conservation Laboratory (which later became the National Re-
search Institute of Maritime Cultural Heritage), established in Mokpo,
conducted polyethylene glycol (PEG) conservation on the recovered hull
remains from 1982 to 1999. In the same period, to facilitate interpretation
of the structure of the ship, a scale model of the ship (completed in 1986)
was constructed at 1:5 scale. After completion of the conservation treat-
ment, the physical reconstruction of the Shinan shipwreck commenced
in 1994, based on the scale model; it was completed in 2002 (figure 5.2).

Hull Dimensions and Volume of the Ship

The hull measures 28.4 meters in length and 6.6 meters in breadth. The
extant starboard side includes a portion of the deck structure, which al-
lowed Korean scholars to reconstruct the hull’s original breadth and depth
to the level of the deck with some confidence. According to a previous
study, the reconstructed length of the original Shinan ship hull is 33.5
meters, its beam is 10.2 meters, and the vessel’s depth is 3.6 meters, with
a likely laden draft of about 2.6 meters (Choi 2004). This reconstruction
posited that the freeboard of the Shinan ship was approximately 1 meter.
Based on the reconstruction and posited freeboard, the displacement of
the Shinan ship was calculated at 260.5 metric tons in that study. The
light displacement of the ship, consisting of all its permanent equipment
and hull weight, was calculated at 120 metric tons. Deadweight (the total
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weight of cargo, crew, and other necessary items associated with the per-
sons on board) was also calculated. At 140 metric tons, the deadweight is
slightly greater than the ship’s light displacement.

Another study reconstructed the depth of the Shinan ship as approxi-
mately 3.75 meters and posited a laden draft of 3.1 meters, allowing only
0.65 meters of freeboard (Kim 2004). These figures are largely based on
hypothetical load-line and freeboard. The estimated cargo carrying ca-
pacity of the Shinan ship thus would have been significantly less than that
of the Quanzhou ship, for which capacity was calculated at more than 200
metric tons, even though the two ships show similar-sized hulls. This casts
doubt on the estimation of the cargo carrying capacity of the Quanzhou
ship; Chinese scholars may have assumed too much depth in the Quan-
zhou ship’s hold.

Cargo Stowage

The assemblage of cargo characterizes the Shinan ship as a trader. Distri-
bution of the artifacts in the remains of the hull as recorded during the
excavations provides important information about the loading pattern
of the cargo. The assemblage of artifacts raised during the 1977-84 ex-
cavations includes 20,661 pieces of ceramics, in addition to other major
items consisting of 28,018 kilograms of coins, 1,017 pieces of wood, and
729 metal objects. Details about these artifacts are available in the official
reports (National Maritime Museum of Korea 2006b). According to the
site report, artifacts identified as highly valuable merchandise appear to
have been in the midsection of the hull. The cargo assemblage is a range
of commodities similar to that found with the Quanzhou ship. However,
the quantity of cargo found with the Shinan ship is greater. The diver-
sity of product quality reflects some specific market demand from both
institutions and individuals. The site plan of the Shinan shipwreck (pro-
duced on a grid recording system) shows the distribution of the excavated
cargo (figure 5.3). Some elements of the Shinan shipwreck cargo were
discovered in wooden containers when the hull was excavated. Although
most of these containers had been broken, the remains of ten containers
showed the intact configuration with the ceramics packed inside. The ship
carried a large load of wood (figure 5.3), identified as rosewood, Dalbergia
latifolia. The wood was cut in lengths of approximately two meters and
was stowed at the bottom of the hull. In addition, many copper coins were



Figure 5.3. Diagram of the excavation using a grid system to record cargo location
(top). Wood was a major cargo and could be stored in the hull to function as dunnage
(bottom). (After, from top: National Maritime Museum of Korea 2006b; photo by
author)
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in the bottom part of the hull and placed on the keel. I discussed the verti-
cal cargo loading pattern with Chul-Han Lee, a Korean researcher (pers.
comm., 2010). Loading heavy items at the bottom of the holds contributes
to stability (that is, it acts as ballast), and this is a normal arrangement.
However, according to Lee, this mode of stowage for the copper coins
appears to have blocked the flow of bilgewater. The wood was laid as the
second tier, likely as dunnage. The packed ceramics were placed on the
top of the wood. Like copper coins, rosewood was a common seaborne
commodity at the time. This loading pattern can be regarded as standard.

Details of the Hull Structure

Keel

The hull of the Shinan shipwreck is built up from a keel. The keel con-
sists of three parts: the forward keel, with a length of 6.79 meters; the
main keel, 11.27 meters; and the aft keel, 8.44 meters (figure 5.4). The
forward keel is connected to the main keel at approximately 10 degrees,
but it curves to rise at a greater angle (figure 5.4). The cross section of the
forward keel forms a trapezoid effective against wave action. In contrast,
the cross sections of the main and aft keels are rectangular, with a width
of 710 millimeters and a height of 500 millimeters. Originally the keel was
sheathed with thin sheathing planks.

The assembly of the keel’s three members is the same as for the keel of
the Quanzhou ship. However, the structure of the Shinan shipwreck keel
is sturdier than that of the Quanzhou ship, in that hooked scarfs are used
in connecting the members (figure 5.4). There is an opening in the center
of the scarfs where a pin was driven through to tighten them. Iron staples
were attached on the sides of the scarfs to secure them. On the forward
keel, large iron nails were driven down through the scarf from the top
surface of the forward keel scarf into the main keel. The scarf join of the
aft and main keels is also secured by a mortise and tenon, preventing the
scarf from opening horizontally.

The Chinese shipbuilding custom of emplacing coins and a mirror,
known as bao shou kong, was evident on the keel scarf; one mirror hole
was recessed on the vertical face of the main keel’s forward scarf, and
an associated bronze mirror was identified (National Maritime Museum
of Korea 2004). There are nine coin holes, in which seven copper coins
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were found bearing the inscription Taiping Tongbao (A V%), man-
ufactured during the reign of the second emperor (AD 976-83) of the
Northern Song dynasty (AD 960-1179). These coins were placed on the
horizontal face of the scarf of the main keel to the aft keel. Because there
are iron nails driven down through the aft scarf, the horizontal distribu-
tion of the coins on the scarf may have restricted the options for driving
nails through this scarf, a deficit partly compensated for by the mortise
and tenon. Lozenge-shaped timbers were inlaid on the main keel’s upper
surface to seal holes in which were placed seeds; this could also have been
a custom to bring good fortune to the ship.

As figure 5.4 shows, the keel is hogged; the center of the main keel
is 200 millimeters higher than the fore and aft ends of it. Whether this
feature was deliberately incorporated in the construction of the ship or
is a distortion resulting from other forces, particularly gravity operating
on the shipwreck, has been disputed (Green and Kim 1989; Lee 1991; Lee
2004). Most recently, in a final report, Korean researchers have mentioned
the possibility that this hogging could be a deliberate design feature aimed
at shifting the hull’s buoyancy and weight-carrying aft (National Maritime
Museum of Korea 2004). (The issue of whether the hogging was deliber-
ate is revisited later this chapter.) According to the site report, despite the
main keel being waterlogged, when it was recovered it still showed strong
buoyancy—unlike other waterlogged timbers, including the forward and
aft keels.

The keel is shaped to fit bulkheads and garboards. There are eight
transverse recesses on the keel to slot in the bulkheads and a stern tran-
som (one recess on the forward keel, three on the main keel, and four on
the aft keel). The edges of the top sides of the keel have rabbets for the gar-
boards. The garboard strakes consist of two planks on each side. The total
length of each of the garboard strakes is approximately twenty meters. The
planks of the garboard measure approximately 400 millimeters in width,
and the thickness is approximately 180 millimeters, which is almost twice
as thick as other planks. The garboards are cut to fit to the keel rabbet and
the bottom bulkhead timbers. The garboard strakes are fastened to the
keel by large square-sectioned iron nails at intervals of approximately 200
millimeters and are fastened to the bulkheads by a few square iron nails.
Of interest is the pattern of those nails used to fasten the bottom planks
of the bulkheads to the garboard planks. Two nails are driven from the
surface of the bulkheads (bulkhead floors) to the insides of each garboard,
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whereas a larger nail is diagonally driven from the outer surface of the
garboard into the keel (figure 5.5).

Structure of the Bow and Stern

The bow of the ship has a trapezoidal transom on the forward end of
the forward keel. The angle of its rake as reconstructed appears to be ap-
proximately 60 degrees, but the original angle is open to question. The
remains of the bow transom consist of two layers of planks: six outer
planks and six inner planks (figure 5.6). The inner planks are attached
to the thicker outer planks and are assembled to overlap the seams of the
outer planks. The inner planks measure approximately 110 millimeters in
thickness on average. They are joined by rabbeted carvel seams, whereas
the outer planks are joined without rabbets (figure 5.6). The edge of the
outer planks is recessed where the strakes meet the bow transom. The
details of how the strake ends fitted to the transom have not been clearly
explained. The upper part and bottom part of the bow transom are miss-
ing, but the original bow is estimated in an earlier study to have been
built up to seven meters in height. A large baulk of timber is placed at the
interior of the bow on the starboard side; it perpendicularly crosses over
eight strakes (figure 5.7). This timber appears to have been part of a frame,
and a similar timber is presumed to have been symmetrically fitted on
the port side. Although a portion of the starboard planks is missing, the
component can be seen to have been carefully cut with steps to fit neatly
against the inner surface of the rabbeted clinker strakes. The timber has
four rectangular holes, which were probably used to install beams. The
interior of the bow forward of bulkhead no. 1 has a large empty space that
seems to need framing or some other reinforcing structure. A few thwart
beams may originally have been placed at different elevations in the bow
to provide transverse strength.

Three solid baulks remain in the stern and form the bottom of a stern
transom placed on the aft end of the aft keel. The transom baulks, with
a consistent thickness of 220 millimeters from the bottom to the top, are
thicker than the bulkhead planks. The transom rakes aft at an angle of
15 degrees. A frame consisting of two timbers is placed on the forward
side of the transom. The upper part of the transom does not remain, but
it could have extended up to the deck level and supported a superstruc-
ture including a stern gallery. Evidence for a transom-mounted rudder is
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Figure 5.7. Baulk on the inside at the starboard bow. (Photo by author)

unclear. The transom stern and the end of the aft keel show barely visible
evidence of the use of nails, possibly to fix some sort of gudgeons or sock-
ets. The rudder could also have been fixed to a stern gallery extending aft
of the transom. However, most of the strakes around the stern are miss-
ing, so no determination could be made of how far the strakes extended
and how the end of the hull planking fitted to the transom. The ends of the
third and fifth strakes suggest that these strakes possibly extended beyond
the transom, but the evidence is inconclusive.

Hull Planking

Hull planking in the fourteen strakes on the starboard and four strakes
on the port side is edge-fastened by skew nailing in rabbeted clinker con-
struction. All seams are rabbeted clinker. The planking in the bow, for-
ward of the first bulkhead, however, shows gradual changes from clinker
to carvel (figure 5.8). This is produced by a gradual change of the rab-
beted seams; the rabbets are cut only on the lower inside of the plank
from around bulkhead no. 1 to the stern, and this arrangement changes in
the bow, where gradually a rabbet also develops on the upper outside of
the planks. Initially this still forms clinker steps, but as the rabbet on the
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lower plank becomes deeper, it changes to a rabbeted carvel seam. The
benefit of this arrangement has been explained as aligning the planks so
that they meet the transom bow smoothly (Green and Kim 1989; National
Maritime Museum of Korea 2004). Each strake comprises three or four
planks, and the remains of the planks measure 450-500 millimeters in
width (except for a bulwark plank measuring 600 millimeters) and from
110 to 120 millimeters in thickness. During the underwater excavation,
most of the planks were cut into several pieces to make it possible to lift
them (see figure 5.2).

Butt Joints and Butt Plates

The butts of the planking show simple lap joints, but in some places, in-
cluding the garboards, there are tongue and groove joints (figure 5.9). The
longitudinal assembly of the strakes shows that the location of the butts is
carefully distributed to avoid alignment of the joints of adjacent strakes.
The rule about the shift of butts, however, shows irregularity in the sixth
and seventh strakes in the bow, where the butts are aligned in adjacent
strakes. To secure the butts further, short lengths of plank are fastened on
the inside to make what are usually called butt straps or plates (figure 5.9).
No butts are placed beneath the bulkheads. The butt straps are visible on
the interior of the hull. The distribution of the butt straps is approximately
symmetrical on the starboard side and the four port side strakes remain-
ing. However, there is an asymmetrical arrangement of butts and straps
between the fifth and sixth bulkheads. On the port side third strake are
two butt straps close together, which suggest a repair. The butt straps are
rectangular or trapezoidal in shape. Their width is designed to fit to the
width of the plank, and they measure 0.8-1.0 meters long and 70-100 mil-
limeters thick. They are fastened to the planks with twenty to twenty-two
nails, and these nails occur in three rows on each side of the rectangular
butts. A few butt straps have one end beneath large frames associated with
bulkheads, and one is positioned so that a wooden bracket associated with
a bulkhead penetrates its end. The sequence of construction suggests that
they were placed on the butts prior to the fitting of the frames and prob-
ably the brackets as well.

Bulwark Planks

Of the remains of the fourteen strakes on the starboard side, the two up-
permost strakes are bulwarks. That is, the thirteenth strake is regarded
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as the first bulwark plank, and the fourteenth strake is regarded as the
second bulwark plank. Details of the bulwarks have been disputed since
the reassembly of the hull components. Four complete bulwark ports are
visible on the remains of the bulwark planks. These bulwark ports are
aligned in each bulwark strake to allow water to run away from the sides
of the deck as scuppers (see glossary). The bulwarks are supported by bul-
wark stanchions. The remains of the stanchions extend from the second
and third bulkheads, and a portion of a stanchion also remains between
the fifth and sixth bulkheads. The stanchions sit on longitudinal bulwark
planks. The longitudinal planks are in effect deck planks or may be a part
of a coaming (figure 5.10).

Sacrificial Planks (Sheathing Planks)

The hull planking of the Shinan shipwreck consists of a single layer, but
all the planks used to be sheathed by sacrificial planks. The thin wooden
planks covered the outer surface of most of the hull planking and the keel
to protect against attack by marine borers. The sacrificial planks make up
approximately 30 percent of the recovered wooden remains associated
with the hull of the Shinan shipwreck. When the hull was discovered,
these sacrificial planks were still tightly fixed onto the outer surface of the
innermost planks. The sacrificial planks were preserved with polyethylene
glycol after recovery. They were not restored with the reconstructed hull
and are still stored at the conservation center of the National Research
Institute of Maritime Cultural Heritage (figure 5.10). The hull as exhibited
exposes the outer surface of the inner planks, on which there is evidence
of adhesive putty used along with small iron nails to affix the sacrificial
planks. The thickness of the sacrificial planks is 10-20 millimeters, and
their width varies to fit to clinker steps and to seal the seams of the hull
planking.

Fastening of the Hull Planking

Square-sectioned and round-sectioned iron nails were used for hull
planking (National Maritime Museum of Korea 2004: 54). They were di-
agonally driven through the seams from the upper planks to the lower
planks. This is usually described as skew nailing. Intervals between the
nails range from 150 millimeters to 200 millimeters (National Mari-
time Museum of Korea 2004). The planks are fastened to the bulkheads
and their associated frames by iron nails. Most of these iron nails are
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Figure 5.10. Drawing of the reconstructed coaming structure and
photograph of a sheathing plank. (Courtesy of National Maritime
Museum of Korea; photo by author)

considerably degraded, and they were replaced by modern metal nails
when the hull was reassembled. These modern nails are said to have been
driven into the original nail positions.

Although corrosion of the original nails was considerable, magnetite
remnants of the original nails have remained in the planks. Yellow sub-
stances, probably sulfur compounds and other substances, surrounding
the nail holes and modern nails are now visible in many places on the
hull. The other corrosion observed on the outer surface of the planks is
evident on the remnants of a few square metal clamps. The square clamps,
measuring around 150 millimeters in length, were used to secure the scarf
joint of the planks in the eighth strake on the starboard bow. This is the
only scarf in the hull planking; all other plank joins are butts with lap
joints or tongue and groove joints. The use of similar metal clamps is ob-
served elsewhere on the outer surfaces of the planking; one square recess
with a little metal remaining is visible near bulkhead no. 2 on the port side,
one square recess with a little corroded metal remaining is visible around
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bulkhead no. 3 on the port side, and two recesses are visible around bulk-
head no. 5 on the starboard side. These recesses measure 145 to 185 mil-
limeters by 40 millimeters, with a depth of 180 millimeters, indicating the
original configuration of the metal clamps. The metal clamps are placed
adjacent to the square holes through which penetrate the wooden brack-
ets associated with the bulkheads. Use of the clamps is presumed to be
from one place, where clamps seem to have been employed to prevent the
planks from splitting caused by the cutting of the wooden bracket holes.

Bulkheads

The bulkheads of the Shinan shipwreck are well preserved. Seven irregu-
larly spaced bulkheads (figure 5.11) divide the hull into eight holds. The
remains of the bulkhead planks are summarized in table 5.1, which also
shows the spacing of the bulkheads, calculated based on the recesses in-
dented on the keel to take the bottom bulkhead planks, as presented in the
site report (National Maritime Museum of Korea 2004: 45).

Bulkhead no. 1 consists of thicker planks than the other bulkheads, and
their thickness is consistent from the lower to the upper planks. Bulk-
heads nos. 2-7, however, have a different structure: the lowest planks of
these bulkheads are thicker than the upper planks. These thick bulkhead
planks have been described as “bulkhead floors” (Green and Kim 1989;
National Maritime Museum of Korea 2004). The thickness of the bulk-
head floors varies from 180 to 200 millimeters, compared with the upper

Table 5.1. Plank tiers and the spacing of the holds

Remains of
Bulkhead plank tiers Hold Spacing (m)
Bulkhead no. 1 (foremost) 6 1st hold 5.01
(bow transom-BH no. 1)
Bulkhead no. 2 9 2nd hold (BH nos. 1-2) 2.70
Bulkhead no. 3 7 3rd hold (BH nos. 2-3) 2.58
Bulkhead no. 4 7 4th hold (BH nos. 3-4) 3.07
Bulkhead no. 5 7 5th hold (BH nos. 4-5) 2.54
Bulkhead no. 6 6 6th hold (BH nos. 5-6) 247
Bulkhead no. 7 (aftmost) 4 7th hold (BH nos. 6-7) 2.62
Transom 3 8th hold 1.10

(BH no. 7-transom)
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planks, measuring between 110 millimeters and 120 millimeters in thick-
ness. The thickness of the bulkhead floors is designed to combine with
the thinner upper planks and associated frames (approximately 100 mil-
limeters thick) in such a way that the thickness of the floors is equal to
the total thickness of the upper planks and frames. These floors are a base
to hold the upper planks and associated frames; the middle part of the
upper surface of the floors is partly recessed to slot in the bottom edge of
the next plank up and the frame (figure 5.11). The thick floors are fastened
to the keel by two large iron nails on each side. There is a limber hole on
the bottom of each bulkhead floor. The square limber holes measure 100
to 110 millimeters by 120 to 130 millimeters. The holes allow the flow of
bilgewater along the bottom of the hull.

The bulkhead planks up to deck level are edge-joined (figure 5.12 shows
the remains of the bulkhead plank tiers). Bulkhead no. 1 consistently uses
a half-lap joint. As previously mentioned, bulkhead no. 1 consists of a se-
ries of thicker planks different from the other bulkhead planks, and more-
over the joint method is also distinctive from the joint used for the planks
in the other bulkheads. The planks of bulkhead no. 1 (and the transom
stern) are rabbeted at the lower part forward and at the upper part toward
the stern, which forms a half-lap joint (see figures 5.1 and 5.12). In con-
trast, the seams of the upper planks of bulkheads nos. 2-7 are different: for
these bulkheads, the upper planks, half the thickness of the floors, form
ridges or recesses either at the middle of the lower part of the plank or at
the middle of the upper part of the plank; the tongue is sometimes in the
upper plank and sometimes in the lower plank (figure 5.12). Although the
groove is shallow and the wide tongue is shaped to fit, this joint method is
effective to prevent disintegration of the bulkheads by horizontal sliding.
In some seams, there are grooves in both the upper and the lower plank
edge. Multiple tenons or splines are inserted in these grooves to produce
a strong joint. These tenons or splines have mostly been identified on the
seams of the bottom planks. The tenons are 100 millimeters long, 60 milli-
meters wide, and 20 millimeters thick (figure 5.13). To fasten the bulkhead
planks together, a few iron nails are skew driven from the upper to the
lower plank on both sides of the bulkhead. These iron nails are regularly
spaced. The nailheads are recessed into notches chiseled in the planks
before the nails were driven. Two iron nails are used at each side of the
floor, and a regular pattern—such as four nails for the second plank, six
nails for the third, and eight nails for the fourth—is evident at each side
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Figure 5.12. Drawing of bulkhead planks from bulkhead no. 1 (top left) to the stern
transom (bottom right). (Courtesy of National Maritime Museum of Korea)
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Figure 5.13. Tenon used for a joint of the bulkhead planks. (Photo by author)

of the plank. The bulkhead seams are caulked with vegetable fiber and a
putty of tung oil and lime.

Frames

The bulkheads are reinforced by half frames. The frame timbers are cut
from solid pieces of large timbers and reach from floor to deck level (fig-
ure 5.14). Two timbers (one each on the port and starboard sides) consti-
tute a set of frames and meet on the top of the bottom bulkhead plank.
The frames attached to the aft side of bulkhead no. 1, however, show an
exceptional arrangement: they meet on the top of the forward keel, and
their bottom ends are cut to produce a limber hole. The outline of the up-
per edge of the frames is smoothly curved. The edges of the frames that
face the hull planking are shaped to fit to the clinker. The dimensions of
each half frame are approximately 100 millimeters in thickness (siding)
and approximately 300-500 millimeters in width (molding). The frames
are fastened to the bulkheads by numerous iron nails that seem to be ran-
domly driven (figure 5.14). One of the large half frames on one side has
more than thirty nails fastening it to the bulkhead.
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Figure 5.14. Half frames of the aft side of bulkheads 1-3 (top) and drawing of a half
frame showing the irregular distribution of the nails (bottom). (After National Mari-
time Museum of Korea 2004; photo by author)

Wooden Brackets

The method used to fasten hull planking and bulkheads together on the
Shinan shipwreck is similar to that used in the construction of the Quan-
zhou ship. The combination of frames and brackets on the bulkheads is
a common technique. In the case of the Shinan shipwreck, instead of the
iron brackets observed on the Quanzhou ship, tapered wooden brackets
(which have been called “stiffeners”) are used (Green and Kim 1989; Na-
tional Maritime Museum of Korea 2004).

On the bulkheads forward of midships, which includes bulkheads nos.
2 and 3, brackets are used on the forward side and then frames on the aft
side. Bulkhead no. 1 has the frames on the aft side, but the fore side where
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Figure 5.15. Bird’s-eye view from
the aft side of the hull showing the
arrangement of the frames and
brackets. (From National Maritime
Museum of Korea 2004)

the mast step is located does not have any brackets. The reverse pattern is
observed aft of midships, where bulkheads nos. 4-7 have the frames on
the forward side and brackets on the aft side (figure 5.15). These compo-
nents effectively lock the bulkheads to prevent them from moving fore
and aft. The brackets also tie the strakes to the bulkheads.

The wooden brackets are square at the bottom (outer) end and taper
to the other end (figure 5.16). Length varies, but many brackets average
800 millimeters in length, with the bottom being approximately 100 mil-
limeters square. Two examples were measured during this research: one
is 950 millimeters long with the bottom being 114 millimeters square, and
the other is 824 millimeters long with the bottom being 105 millimeters
square (figure 5.16). Square holes in the strakes having the same dimen-
sions as the bottom of the brackets allow the brackets to penetrate from
the outside of the hull planking. Presumably the holes were made slightly
smaller than the brackets so that the brackets would not pull right through
the planking. The brackets are fastened to the bulkheads by iron nails. The
number of iron nails ranges from three to five, depending on the length of
the brackets.



Figure 5.16. Wooden brackets fastened into the surface of the bulkhead planks (above) and
wooden brackets shown for scale (below). (Photos by author)
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Other Hull Components

The Shinan shipwreck yielded some mast detail and the remains of a tank
believed to have been used for water or likely for cargo stowage.

Mast Steps

Mast steps and the heel of the mainmast remain on the hull of the Shinan
shipwreck. A foremast step is identified forward of bulkhead no. 1 on the
forward keel, and a mainmast step is placed on the forward side of bulk-
head no. 4 (figure 5.17). Both mast steps have flat bottoms firmly placed
on the keel, and their sides are shaped to fit to the clinker steps of the hull
planking. A few iron nails are skew driven from the side of the mast step
down to the keel and garboards for fastening. There are limber holes on
the bottom of the mast step for bilgewater to flow through.

On each mast step are two tabernacle holes measuring 250 x 160
millimeters, with a depth of 150 millimeters, for tabernacle cheeks. The
mainmast tabernacle cheeks remain and are about 500 millimeters apart,
which shows the diameter of the heel of the mainmast. Three irregularly
shaped timbers remain between the tabernacle cheeks on the mainmast
step. These appear to be the heel of the mainmast. The timbers are fixed to
the tabernacle cheeks by a locking pin, which penetrates across the three
timbers (perhaps originally four timbers) and the tabernacle cheeks. A
square-shaped timber is horizontally fixed to the forward side of the tab-
ernacle cheeks, tying them together. Except for this transverse lock, the
structural remains of the foremast tabernacle and mast heel are the same
as those of the mainmast. The foremast step uses the same system, though
only two timbers of the mast heel remain between the tabernacle cheeks.

The assembly of the mast heel indicates that the masts of the Shinan
ship originally consisted of multiple timbers assembled to make one mast
pole. On later Chinese ships, this arrangement was used with iron bands
to hold the timbers together. The two mast steps show that the Shinan
ship had at least two masts. Korean researchers have suggested that a miz-
zenmast might have been located on the upper part of the stern (National
Maritime Museum of Korea 2004), but the possibility remains that Chi-
nese merchant ships of the twelfth and thirteenth centuries had only two
masts.
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Tank

The remains of a tank were identified on the starboard side of the Shi-
nan shipwreck. The wooden tank is placed in the fourth hold, between
bulkheads nos. 3 and 4. According to a site report, the structure shows
evidence of having been caulked to achieve watertightness, which is seen
as indicative of use to carry water (National Maritime Museum of Korea
2004: 58). A drainage hole can be seen at the bottom of the tank. The up-
per part of the tank does not remain, but the well-preserved bottom has
an area of 5.5 square meters (figure 5.18). In addition to the bottom planks
are partial remains of the lateral planks of the tank. Wooden brackets fas-
ten the sides of the tank to the bottom (figure 5.18). These brackets func-
tion the same way as the brackets used to fasten the bulkheads, though
these brackets are smaller than the bulkhead brackets and their bottoms
are dovetailed to fit to the tank bottom planks. Six brackets inserted into
the ends of the six bottom planks are attached on the forward and aft faces
of the tank. The tank is supported by two frames that sit on the strakes
from the third strake up to the tenth strake on the starboard side of the
hull. The frames are formed to fit to the clinker steps. Another tank is
thought to have been placed on the port side. If they were used as water
tanks, two tanks would have provided enough drinking water for the Shi-
nan ship to be engaged in long-distance trade. There is, however, a con-
siderable problem with the interpretation that they are water tanks. The
dimensions of the tank appear to be more than 2.5 x 2 meters. If the tank
was about two-thirds full and the ship was rolling heavily, there would be
about five metric tons of water washing back and forth inside the tank.
Such large tanks would be problematic. Alternatively, the tank may have
been used as cargo stowage for precious materials to keep them from get-
ting wet. In that case, the hole in the bottom could still have functioned
for draining water that entered the tank.

Comparative Insights on Hull Construction

The discovery of the Shinan shipwreck is as significant as that of the
Quanzhou ship, and these two hulls are valuable resources for compara-
tive and complementary study to address the historical emergence of sea-
going traders for long-distance voyages. The similarity in the background
of these two ships used as traders from the East China Sea is evident from
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their cargo assemblages as well as their hull structure and construction
methods. Standardization in the construction of merchant ships is repre-
sented in the remains of these two ships: a keel consisting of three mem-
bers, edge-joined hull planking, and bulkheads as transverse components.

The well-preserved hull allowed for the production of a plan of the ship
lines for the Shinan shipwreck. The process of reconstructing the origi-
nal ship lines revealed an idiosyncratic feature in the hull of the Shinan
shipwreck: the hog of this ship’s keel has prompted disagreement as to its
uniqueness. In general, the hogging of a keel is regarded as a distortion.
During the reconstruction of the Shinan shipwreck, the hull distortion
had already been recognized. The ship lines plan indicates that the keel
hog is not a deliberate design (figure 5.19). The deadrise of the hull shows
a smooth transition on the presumption that the main keel was originally
straight or even curved upward toward the bow and stern. If the ship
had originally been designed with a hogged keel, the aft transom would
have dragged deep in the water, which would have resulted in poor sailing
performance.

Seen in comparative perspective, the ship lines plans of the Quanzhou
ship and Shinan shipwreck allow us to understand the configuration of
the two traders with hulls representative of the East China Sea shipbuild-
ing tradition. They have in common a wide breadth and a shallow draft,
with a V-shaped cross section indicative of effective resistance against lee-
way. The hull configuration reflected in the ship lines demonstrates these
ships’ seaworthiness, capable of carrying out long-distance voyages across
the East China Sea.

Structural differences between the ships are evident too. The bulk-
heads, for example, are fewer in number in the Shinan shipwreck than in
the Quanzhou ship, and the adequacy of transverse strength needs to be
carefully considered. The Shinan ship bulkheads show an innovation in
the structural integrity of the bulkhead planks to resist lateral distortion
by forces imparted by mast and rigging. The pattern of nails driven into
the bulkhead planks shows regularity, and mortises and tenons are used
for the plank seams. The way of joining the bulkhead planks—by form-
ing ridges or recesses at the middle—could have provided the integrity
needed to resist such forces.

The use of bulkhead floors, thicker than the upper bulkhead planks, is
remarked as a characteristic of the Shinan shipwreck’s bulkheads, though
some Southeast Asian shipwrecks dating to later periods use a similar
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structure. The size of the bulkhead floors provides space beside the limber
holes for nails to be driven into the keel. In general, a large limber hole in
the center of the bulkhead is likely to be an obstacle to nailing bulkhead
planks to the keel. For this reason, a limber hole does not often appear on
the center line; usually there are two small limbers, one on either side of
the center line. Compared to the thin bulkhead planks of the Quanzhou
ship, the large and thick floors of the Shinan shipwreck are regarded as
facilitating the fastening of the bulkheads to the keel with nails. Iron nails
are also used for fastening the floor to the garboards. The garboards are
fastened to the keel by large nails driven from outside, but for the fasten-
ing of the floors the nails are skew driven from inside. The pattern of
fastening shows that the garboards probably came before the bottom of
the bulkheads. If the bulkheads were fitted first, the fastenings would be
through the garboard from the outside into the bulkhead floor.

The hull of the Shinan shipwreck shows layered planking. The hull
planks function as sheathing planks rather than serving other purposes,
such as contributing to longitudinal strength. For example, the arrange-
ment of the outer planks of the Shinan shipwreck is not designed to cover
the seams of inner planks, like those of the Quanzhou ship. Furthermore,
each strake of the Shinan shipwreck is individually fastened to the bulk-
heads by wooden brackets; they appear on every strake except the gar-
boards. In contrast, the iron brackets in the Quanzhou ship serve sets
of strakes. The technique of using brackets for individual strakes might
result in considerable weakening of the hull, as all the square holes cut in
the individual strakes align.

The underlying idea of using brackets to fasten the planking to the
bulkheads is shared by the Quanzhou and Shinan ships, while the con-
figuration and material of the brackets differ. As a result, the structural
efficiency of the two ships is also considered to be different. The L-shaped
iron brackets of the Quanzhou ship, firmly fastened into both the plank
shell and the bulkheads, would have had good tensile strength, but the
wooden brackets of the Shinan ship might have pulled through the plank-
ing under tensile load. Yet the wooden brackets would have probably been
better for preventing fore and aft movement of the bulkheads; the iron
brackets seem too thin to resist that kind of distortion.



Ship Construction Materials

Focusing on construction materials identified in the East China Sea ship-
building tradition permits us to understand technological innovations
in more detail. The hull component study extends to the examination of
ship fastenings and timbers—the organs of ship structure, to be analyzed
from an anatomical perspective. Recent investigations have widened the
scope of comparative study by assessing the remains of iron nails from
the Shinan shipwreck and timber samples from the Quanzhou ship. These
specimens were examined in conjunction with data from the Takashima
underwater site, a historical site associated with the thirteenth-century
Mongol Empire’s attempted invasion of Japan. A large fleet of the Yuan
dynasty (AD 1271-1368), which was established in China by the fifth
Mongolian emperor, was sent to Japan in 1274. However, the invasion
attempt failed, as did a second in 1281, and during the second invasion in
particular, many ships were lost. The loss of the fleet transporting Mongo-
lian, Chinese, and Korean troops is evidenced by the discovery of diverse
artifacts related to weaponry and personal items as well as by numerous
timber fragments from ships. Many of the ship remains discovered had
originated from the East China Sea regions, and they complement ar-
chaeological study of East Asian ships of the thirteenth and fourteenth
centuries.

My main aim in the first part of this chapter is to identify the charac-
teristics of seagoing ships that had historically been constructed along
the Chinese coast of the East China Sea, where iron materials were ad-
opted for fastenings. The assemblage of wood species represented in the
hull timbers of excavated ships is another avenue for addressing regional
characteristics in shipbuilding traditions. Available data on wood species
assemblages from several excavated ships in East Asia are presented as an
additional component of the characterization. Combining these aspects
and focusing on construction materials also allows us to review the supply
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chains for iron fastenings and timbers during the construction period of
the East China Sea ships.

The Takashima Underwater Site

The historical background of the site has been reviewed in an archaeologi-
cal site report and more recently in an English-language volume (Agency
for Cultural Affairs 2000; Delgado 2009). In the thirteenth century, Gen-
ghis Khan led the expansion of the Mongol Empire in the Eurasian con-
tinent. Success came in China through one of his descendants, Kublai
Khan. Kublai founded the Yuan dynasty after the conquest of the north-
ern part of China, and then he subjugated Korea using both Mongolian
and Chinese forces. Failure of diplomatic approaches to a Japanese ruler
made him determined to put Japan under his control through military
power as well. The first attack on Japan took place in 1274, but the fleet and
soldiers were withdrawn immediately after landing in northern Kyushu
and destroying Hakata city. The incomplete first attack convinced Kublai
of the necessity of organizing a greater force.

A Thirteenth-Century Battlefield

Seven years after the first invasion, the second invasion was implemented
with the dispatch of larger fleets. By the time of the second invasion of
Japan, Kublai could obtain naval forces from the Northern Song dy-
nasty (AD 960-1127). Before the advent of the Yuan dynasty, the North-
ern Song dynasty had reigned over the southern Chinese coasts, where
many ships were based and shipbuilding industries had been established,
but the Song dynasty was finally conquered in 1279. After the success-
ful campaign, Kublai decided to send invasion forces to Japan again. Ac-
cording to the dynasty chronicles Yuan Shi (History of Yuan, J¢52) and
Shin Yuan Shi (Editorial history of Yuan, #7C52), in the second inva-
sion two separate fleets were organized from different regions. The first
fleet consisted of about 900 ships carrying approximately 40,000 soldiers
and sailed from Masan (now Mokpo) at the tip of the Korean Peninsula;
the second fleet consisted of about 3,500 ships carrying approximately
100,000 soldiers and sailed from Ningbo, a historical port of middle and
southern China. The number of ships and soldiers may be exaggerated
in the Chinese sources. However, the fact that two fleets from different
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Imari Bay

Map 6.1. Takashima Island in Imari Bay, Nagasaki prefecture.

points of origin left for Japanese waters is clearly mentioned in the his-
torical texts. The two fleets initially intended to rendezvous in Japanese
waters. After some disorder that caused delay of the missions, the two
fleets were finally assembled together and anchored south of Takashima
Island, located in present-day Imari Bay in the Nagasaki prefecture (map
6.1). The fleets concentrated in the bay suffered from resistance attacks by
Japanese local clans, who were much more prepared than during the first
invasion. In addition, a violent storm (later known among the Japanese
people as the Divine Wind) struck the fleet in July 1281. Many ships sank
to the bottom of the bay, and the rest of them could no longer fulfill the
mission of conquest.
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Archaeological Evidence

Imari Bay is a large bay with a surface area of 120 square kilometers, a
maximum depth of 50 meters, and an average depth of 20 meters. Ta-
kashima is located at the mouth of the bay. Archaeological expeditions
since the 1980s have revealed the existence of substantial remains beneath
the seabed, resulting from the loss of the fleet in the second invasion.
The archaeological surveys and excavations are summarized herein on
the basis of archaeological reports published by the Board of Education
of Takashima and the nonprofit organization Kyushu Okinawa Society for
Underwater Archaeology, now known as the Asian Research Institute of
Underwater Archaeology (Kimura 2006).

The area offshore of the southern coast of the island is registered as a
nationally protected zone. Two harbors in the area, Tokonami Harbor and
Kozaki Harbor, have been the focus of rescue excavations legally required
preceding construction or other development. Although salvage excava-
tion offshore of Tokonami Harbor in the 1990s resulted in the identifi-
cation of many artifacts related to the Kublai Khan invasion, after 2000
the zone offshore of Kozaki Harbor began to be recognized as having
greater excavation potential because of the identification of hull remains
and better-preserved artifacts. The discovery of nine anchors in situ in
1994 and 1995 revealed the depth of the original seabed (at the time of the
Mongolian invasion), below the current seabed. The understanding that
the anchors had moored the invasion ships increased people’s apprecia-
tion of this site as the setting of the shipwreck of Kublai Khan’s fleet. Dur-
ing the rescue excavations in 2001 and 2002, 2,432 artifacts were recovered
from the site. These excavations revealed that buried remains had been
substantially disturbed by wave and tidal forces.

As noted, the historical records indicate that the fleet consisted of two
units—one that departed from Ningbo and another that sailed from the
Korean Peninsula. Analysis of the major types of ceramics discovered
showed that most of the artifacts were of Chinese origin (Mori 2001),
though some important Goryeo dynasty products were recovered from
the waters, including sherds of Goryeo celadon wares and a Goryeo-style
bronze statue. Study of the remains of timbers possibly associated with the
hull structure likewise suggested that a large proportion of the remains
exhibit characteristics of Chinese shipbuilding technology (Sasaki 2008,
2015).
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Most of the remains gathered through the above-mentioned surveys
and excavations were fragments, but a few can be confidently identified as
important resources relevant to the study of shipbuilding technology. For
example, two bulkhead planks recovered from the site offer more detail
for interpretation than do the other disarticulated timbers recovered, and
they are clearly associated with one of the ships constructed in the East
China Sea region (figure 6.1). The bulkhead remains consist of two large
planks; the upper edge of the larger bulkhead plank measures approxi-
mately 5.7 meters in length, and the upper seam of the smaller bulkhead
plank joining the larger one measures approximately 4.5 meters in length.
They were originally fastened by several iron nails, and the two timbers
still held together when they were discovered. However, the degraded
iron nails came apart during the excavation process. Some of the corroded
nails were further examined, and the outcome of that study is reviewed
later in this chapter.

As noted, the rescue excavation offshore of Kozaki Harbor in Ta-
kashima revealed nine large wooden anchors. They are another resource
for detailed interpretation. All the anchors have an identical structure
indicative of their Chinese origin. They appear to be the oldest wooden
anchors ever found in the East Asian regions. While wooden anchors are
neither hull components nor involved directly in a ship’s construction,
they were a critical element in a vessel’s outfitting and have been reviewed
extensively in previous studies of East Asian nautical technology (Need-
ham 1971; Worcester 1971; Li 1998). The configuration of wooden anchors
with stone stocks is important for addressing the historical development
of East Asian anchors, which can be elucidated by pursuing transitions in
the utilization of stocks (Kimura et al. 2011).

The preservation status of these anchors varies. They are all compound
anchors consisting of a wooden shank and arms with separate stone
stocks (table 6.1). The wooden anchors’ shanks and arms are mostly bro-
ken; however, the components of anchors nos. 2, 3, and 4 remain relatively
intact. Anchor no. 3 is the largest of the nine (figure 6.2). The remains of
its shank are 2.74 meters in length, and the width of the midsection mea-
sures about 300 millimeters. One arm is in mostly intact condition, with
a length of 3.15 meters. The shank is estimated to have originally been as
long as 5 meters (Takashima-cho Board of Education 1996). The broken
remnants of the other smaller anchors exhibit an average shank length
of more than 2 meters. The remains of the shank of anchor no. 2 are 2.55
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Table 6.1. Remains of the components of the composite anchors

Stakes (to hold
Shank Arms Loose tenon  stone stocks)  Stone stocks
Anchor no. 1 N/A One arm N/A N/A Identified
Anchor no. 2 Identified Two arms Identified Identified Identified
Anchor no. 3 Identified Two arms N/A Identified Identified
Anchor no. 4 Identified Two arms Identified Identified Identified
Anchor no. 5 N/A Broken pieces Broken pieces Identified Identified
Anchor no. 6 Broken pieces Broken pieces N/A N/A Identified
Anchor no. 7 Broken pieces Broken pieces Broken pieces Identified Identified
Anchor no. 8 N/A N/A N/A N/A Identified
Anchor no. 9 Broken pieces Broken pieces Broken pieces N/A Identified

Source: From Takashima-cho Board of Education 1996.

meters in length, and the midsection width is 170 millimeters. In anchor
no. 4, the shank is 2.10 meters long, measuring 170 millimeters in width
at the midsection.

The anchors are well enough preserved for us to infer their original
configuration and construction methods. The shank of the anchor is a
baulk of timber, and the tip of the shank is diamond-shaped where the
two arms are attached. The timber of the arms is chamfered, and each
arm is neatly fitted to the shank by a mortise-and-tenon joint. Besides
the mortises and tenons, a piece of wood penetrating through the tip of
the shank to the arms joins them together on the crown. Ropes made of
bamboo secure the shank and arms. Some anchors have either one or
two trapezoidal wooden plates that are attached on both surfaces of the
anchor crown by iron nails. They provide additional structural strength to
the junction of the shank and arms. Each anchor originally had two arms.
The remains of some arms were toed with iron sheet metal to form flukes,
but these have been heavily corroded. All anchors seem to have had two
separate stones used as a set for an anchor stock (figure 6.2). The two
stones are separately attached to the middle of the shank and are placed
between a pair of wooden stakes that penetrate the shank through holes,
the stones thus being fixed perpendicular to the arms and held in place
with bamboo ropes.

Anchor stocks made of stone have been widely used on East Asian
ships for a long time. Chinese ships, which began to be involved in inter-
national trading around the tenth century, were probably equipped with
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Figure 6.2. Drawing of
anchor no. 3 from the
Takashima underwater
site (top) and photographs
of a set of stone anchor
stocks (center) and the
wooden anchor (bottom)
after conservation treat-
ment with polyethylene
glycol. (After Takashima-
cho Board of Education
1996; photos by author)
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Figure 6.3. Shank of a compound anchor stored in the Museum of Overseas Commu-

nication History. (Photo by author)

anchors using a single stone stock that penetrated the shank of the wooden
anchor. Later, they started to use two-piece stone stocks. Both two-piece
and single stocks appear to have been used concurrently throughout the
thirteenth century. Yet the use of the single stone anchor stock can be
confirmed during a much later period, according to an iconographical
source depicting later Chinese ships (Oba 2003).

One of the characteristics of the compound anchor is the use of a stone
stock positioned in the middle of the shank. Researchers have pointed
out that traditional Chinese anchors have been distinguished by the loca-
tion of the stock on the crown (Worcester 1966; Needham 1971; Worcester
1971). However, the compound anchors used during the Song and Ming
dynasties show the installation of the stone stock in the midsection of
the shank. Two large wooden anchor shanks in the Quanzhou Maritime
Museum (Museum of Overseas Communication History) have two holes,
possibly to enable the installation of stakes to hold a stone stock in the
middle of the shank (figure 6.3). Another similar anchor was discovered
in one of four shipwrecks excavated at Penglai Forts in Shandong Prov-
ince, China. The ship is dated to the end of the Yuan dynasty or the early
Ming dynasty (AD 1368-1644), according to the date of celadon recovered
from the wreck and the construction date of the forts sluice gate. The
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wooden anchor recovered from this shipwreck during the 1984 excava-
tion season has two holes in the middle of the shank. Compared to these
anchors, the anchors found at the Takashima underwater site provide the
earliest-known archaeological evidence of the use of stone stocks in the
East Asian region. The result of the most recent radiocarbon dating analy-
sis of a specimen from the shank of anchor no. 3 from Takashima dated
the anchor to circa AD 1269 (Takashima-cho Board of Education 2001:
51).

Scientific analysis of the stone stock of anchor no. 3, which is made of
granite, has revealed that the chemical composition of the stone is similar
to that of granite from Quanzhou regions in China (Suzuki et al. 2000).
Moreover, wood used for the shank of anchor no. 2 originated in the re-
gion close to Quanzhou. These details offer minor clues as to where the
ships equipped with the anchors originated.

Two hulls found more recently at the Takashima underwater site war-
rant mention. In 2012 a Tokai University team reported a buried hull iden-
tified in a remote sensing survey; details were presented at a UNESCO re-
gional meeting in Koh Kong, Cambodia, on underwater cultural heritage.
Since then, underwater excavation has been conducted at the remnants
of the hull by Ryukyu University, with two ships having been detected
by 2015. But archaeological reports regarding the newly discovered hulls
were not available at the time of writing. Although the timbers previously
discovered at Takashima were not in good enough condition to permit
hull investigations to be performed on them, the data available in the
published reports nevertheless have value as archaeological resources
for further analysis of late thirteenth- and fourteenth-century East Asian
vessels.

Iron Nails in East China Sea Ships

The use of iron fastenings is not solely a Chinese innovation; a few ship-
wrecks in the Mediterranean provide evidence of early adoption of iron
fastenings during the Classical period (Steffy 1994; Kabanov and Pomey
2004; Duivenvoorde 2014; McCarthy 2005; Beltrame and Gaddi 2007).
Recent archaeological discoveries of anchors associated with Southeast
Asian indigenous ships indicate that ships from this region could have
begun to use iron for anchors much earlier than was previously thought
(see chapter 8). Iron fastenings have, however, long been used in Chinese
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Table 6.2. Iron production methods developed in early China

Technology

Description

Sponge iron

Malleable cast
iron

Iron casting de-
carbonized steel

Paddling steel
(wrought iron)

The technology appears to have been developed around the ninth
century BC and is the oldest iron production method. The tech-
nology is distinguished from the three that follow in that it was
produced by the direct iron production method of low tempera-
ture reduction at 700°C. The metallography structure contains
nonmetallic inclusions consisting of oxidized iron (FeO) and
olivine (2FeO SiOz) and shows large coarse ferrite.

The technology appears to have been developed probably by the
fifth century BC in China. The material was manufactured by
annealing white cast iron for decarbonization at a temperature
of 900-950°C. The metallography structure contains nonmetallic
inclusions consisting of iron sulfides (FeS) or manganese sulfides
(MnS) with grains of 5-10 pm and shows graphite grains with
porosity from decarbonization, as well as ferrite and pearlite.
The technology appears to have been developed probably by the
third century BC in China. The material was manufactured by
smelting pig iron and pouring it into square molds at a tempera-
ture of about 1,000°C in contact with air. After solidifying, it is
annealed further and the decarbonization process occurs. The
metallography structure contains nonmetallic inclusions consist-
ing of iron sulfides (FeS) or manganese sulfides (MnS) with
grains of 5-10 pm and shows ferrite and pearlite in some cases
with porosity from the decarbonization process.

The technology appears to have been developed probably by

the first century BC in China. The material was manufactured
by smelting pig irons in the furnace, and it was paddled to be

in contact with oxygen in the air for decarbonization and was
then further hammered to exclude contaminations. The metal-
lography structure contains nonmetallic inclusions consisting of
silicate (Si, Al, Ca, Mg, K, Na) with grains of 20 um and shows
fine-grain ferrite.

Source: Osawa 2004.

shipbuilding. China had a long-term involvement in iron manufacturing,

producing various types of iron, probably beginning with the production
of cast iron. Different methods of iron production in early China are pre-
sented in table 6.2 (Osawa 2004). Iron is the most important metal used in

East Asian shipbuilding technology. Iron nails characterize the East Asian
shipbuilding tradition and distinguish it from Southeast Asian shipbuild-
ing technology (Manguin 1993). The production of iron in China affected
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the development of iron manufacturing in Korea and Japan and showed
progress during the tenth to twelfth centuries (Hartwell 1962, 1966; Wag-
ner 1995), a period of innovation that allowed the Chinese to produce
massive amounts of iron.

Iron Manufacturing and the Growth of Shipbuilding

During the Song dynasty (AD 960-1279), many larger furnaces began
to be used in iron production facilities that were already using shaft fur-
naces, or blast furnaces (Wagner 2001). In the furnaces for smelting iron
ore, coal was an essential factor, probably dating back to the period of
the Northern Song dynasty (AD 960-1127). According to Robert Hart-
well’s historical study (1962), innovations in the brick and tile produc-
tion industries permitted the replacement of firewood by mineral fuels
in furnaces during the period. Over the following centuries, using coal to
fire forges and furnaces became common. Along with these innovations,
blast furnaces came to be used in iron manufacturing in the northern part
of China (Hartwell 1962). Chinese socioeconomic history shows matura-
tion of the technology throughout the Song dynasty in particular. During
the period, various other industries grew, demanding a larger amount
of iron. For example, during the twelfth century, copper coins were es-
sential in the developing monetary system, but iron was technically still
needed for copper production (Hartwell 1962). Shortly after the move of
the Song capital south, 1,400 tons of iron were consumed annually in the
hydrometallurgical process for removing copper from mine waters—a
technique that involved boiling copper sulfate solution in contact with
iron, the iron displacing the copper from its salt.

Northern China, around what is now Hebei Province, and areas toward
the center of China, around Shandong Province and the northern part of
Jiangsu Province, were focal areas for iron production. Archaeological
evidence indicates that many furnaces were established in some of these
areas (Wagner 2001). Significant iron production in northern China dur-
ing the twelfth and thirteenth centuries has also been reported (Sasada
2009).

Whether iron manufacturing in the southern parts of China was as
productive as in the north is arguable. There appear to have been some
iron-forging facilities in the cities of Zhejiang Province, such as Ming-
zhou (Ningbo), and a few iron-production workshops in Fujian Province.
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Despite the demand for iron for military purposes in Jiangsu and Zhejiang
Provinces, facilities in these regions could not supply sufficient amounts.
While the southern iron manufacturers may have been dominant suppli-
ers, there appears to have been room for them to grow as consistent local
suppliers in the south. Iron from the Fujian Province and farther south,
in an area previously known as Guangnan, was traded in the markets of
Jiangsu and Zhejiang Provinces (Shiba 1968: 300-301). The iron industry
in Quanzhou was fully developed by the ninth century (Clark 1991: 28).
Besides iron itself, iron products could also have been shipped from the
south to these areas (Shiba 1968: 301). Yoshinobu Shiba pointed out that
several districts in Quanzhou in Fujian Province were engaged in iron
production, relying on manufacturing iron sand, and their iron products
were sold in the provinces of Jiangsu and Zhejiang (Shiba 1968: 301). Dur-
ing the Yuan dynasty (AD 1271-1368), the iron trading network of Fujian
and Guangnan expanded to the South China Sea. A few iron products
including iron pots and needles from Quanzhou appeared on the list of
trading commodities for Cambodia (Zhenla), evidenced in the Zhenla
Fengtuji (Customs of Cambodia, ELf§E £ [Shiba 1968: 302]).

Iron Nail Production and Shipbuilding

A historical text describes the involvement of the Song dynasty’s iron
industries in shipbuilding. Hartwell (1962: 161) refers to a Song dynasty
record from the eighteenth-century Chinese historiography Xu Zizhi
Tongjian Changbian (A sequel to annals of Chinese dynasties, &4
M R 4F), which says, “Shipbuilding at Shan-chou [sic; Cangzhou], in
southern Hopei [sic; Hebei] along the banks of the Pei River, required
supplies of iron and coal” This account does not clarify the purpose for
which iron was to be used, but shipbuilding industries in Hebei coin-
cided with iron industries in a relationship of consumer and supplier.
Similarly, an account in Song Huiyao Jikao (Draft recompilation of the
important documents of the Song, K& 2 #5f5) notes that “like the salt
works, shipyards often had iron mines and smelters directly attached to
them” (Hartwell 1962: 159). Additionally, “during the later years of the
Northern Sung, these foundries supplied not only anchors and nails, but
also iron prows [sic] and other armor” (Hartwell 1962: 159). An example
of an iron-forging workshops placed within a shipyard is evidenced in the
Ming dynasty’s shipyard in Nanjing (Church 2010).
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How intensively iron industries were linked with shipbuilding indus-
tries is important for understanding the availability of nails. In terms of
the larger perspective, we need to consider the impact of the Song dynas-
ty’s development of iron industries on the changing shipbuilding tradition
in the southern regions. Some sources imply that south of Quanzhou,
iron industries may have had less influence. According to a description
appearing in the Song dynasty historical text Lingwai Daida (or Ling Wai
Tai Ta, Answers to the question about the areas beyond our territory,
Z89MLZ), iron nails and tung oil were not easily available in Guang-
dong, where lashed ships predominated:

“They always used hollow planks leashed with ratten,” and dried
madder stalks were used to calk the seams. (Lingwai Daida, vol. 6:
Teng chuan [translated in Merwin 1977])

BN B AR R IR M A . RS, DUS EPTAEVE R (S84h
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Chinese researchers have proposed that the lashed or sewn ship built
without iron nails in Guangdong in southern China suggests that tech-
nologies in the south might have lagged behind those of northern and
central China (Merwin 1977: 75-76). However, the text of Lingwai Daida
continually mentions the excellent seaworthiness of the lashed ships with
their tight caulking system. These ships appear to have been quite large,
and people seem to have preferred them in the South China Sea. A con-
trasting tradition of constructing large ships without iron materials seems
to have prevailed in parallel with the adoption of iron nails in many re-
gions during the Song dynasty.

Iron Nails in East Asian Ship Remains

Most of the iron nails in the ship remains from the Quanzhou ship, the
Shinan shipwreck, and the Takashima underwater site have not remained
intact. X-ray fluorescence (XRF) analysis of timber from the Shinan ship-
wreck shows the oxidization of an iron nail, and its condition of degrada-
tion appears to correspond with a general understanding of corrosion on
iron nails embedded in ship timbers (Huisman 2009; Sandstrom et al.
2002, 2005). Such degradation has meant a loss of the information neces-
sary to obtain metallographic perspectives with a focus on the iron nail
manufacturing processes. The following examination of remnants of iron
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nails from the two East Asian traders and Takashima underwater site is
considered to be a pilot study for better understanding iron fastenings in
the East China Sea shipbuilding tradition.

The Quanzhou Ship

During my investigation in 2009, the museum staff confirmed that the
original iron nails did not remain in the hull. The original nails removed
from the hull were displayed in the exhibition room, and they have since
degraded. Few studies are useful for acquiring information about the
original configuration of the nails (Xu 1985; Li 2004).

According to Guoqing Li (2004), when modern metal nails were used
to replace the degraded nails, only two different types of iron nails were
used. Their size is consistent with the originals in length: the smaller type
measures about 150 millimeters, and the larger type varies from 200 mil-
limeters to 220 millimeters. For assessment of the original nails, black and
white photographs of nails removed from the hull proved helpful (figure
6.4): two less-degraded nails show a tapered configuration and have flat
nailheads. The photographs do not show a scale, so determining the di-
mensions of the nails is difficult.

I thus could not undertake a metallurgical analysis to determine the
quality of the iron remains in the Quanzhou ship. My examination was
necessarily limited to details observed in the hull in its current condition.
As mentioned previously (see chapter 4), the uppermost plank remains
expose the seam of the hull planks, where corroded nails and nail holes
are visible. Most of the nail holes are single square holes, but there are
some double holes aligned together (figure 6.4). The reason for the double
holes has not been clarified. From the limited information about the nails
of the Quanzhou ship, we can conclude of their general configuration that
the nail shaft has a square cross section and the taper is likely to occur
only near the end.

The Shinan Shipwreck

No detailed study of the iron nails in the Shinan shipwreck was conducted
previously. To identify magnetic remains, I attempted an examination
during the investigation in 2009 in conjunction with staff of the National
Research Institute of Maritime Cultural Heritage. Magnetic remains were



Seam of outer planks

Figure 6.4. Degraded iron nails from the Quanzhou ship and the exposed seams of the
uppermost planks showing nail holes (marked with white arrows). (Black and white
nail photo courtesy of Museum of Overseas Communication History; seam photo by
author)
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barely identified in part of the hull of the shipwreck. This sign of possible
magnetic remains in three ship timbers—a portion of a hull plank (SW-
82-182; figure 6.5), a sheathing (sacrificial) plank, and a butt plate (figure
6.6)—warranted further investigation to determine whether this signaled
the presence of iron remains and, if so, whether the iron was sufficient to
permit metallurgical assessment.

Figure 6.5. Portion of hull plank SW-82-182 (top right) from the Shinan shipwreck, cross
section of the nail remaining in the exposed seam (top left, marked with white arrow), and

CT scan image showing remains of the nail (bottom). (Scan courtesy of National Maritime
Museum of Korea; photos by author)



Figure 6.6. Sheathing plank from the Shinan shipwreck (top) and CT scan image

(middle) showing evidence of the use of five nails and butt plate (bottom) showing the
location of nails. (Courtesy of the National Research Institute of Maritime Cultural
Heritage)
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X-ray and CT scan analyses are nondestructive approaches for reveal-
ing nail positions and driving patterns not visible from the outside. In
this study, such analyses were conducted to determine the quality of iron
remains. All the samples used were separated timbers that had not been
restored. The analysis indicates that the quality of the corroded nails var-
ies. Some X-ray and CT scan images present fully corroded iron remains,
evident as a black hollow image with only a thin magnetite layer to indi-
cate the original surface (figure 6.5). Some nail remains show white blurry
images, which suggest possible mineral remains inside the nail. It is dif-
ficult to determine the detailed corrosion status from the white blurry
images just by looking at the X-ray and CT scan images.

A specimen of timber cut from the hull plank (SW-82-182) was pro-
vided to Kyushu Techno Research Inc. for metallurgical study. The speci-
men was further cut to expose sections of the nail, and microscope images
of the sections were produced. The microscopically observed structure
shows that iron has been fully oxidized and the nail no longer contains
metal structures. In its corroded state, the nail is represented only by hy-
drated iron oxide. The substantial oxidization caused the loss of the metal
structure, which restricted the ability to obtain metallurgical information.
However, interpretation of how the original nails had been manufactured
was attempted based on the minimal information that can be seen in the
microscope images (Ian Macleod, pers. comm., 2010). The images indicate
casting procedures in manufacturing, as well as the structure of wrought
iron, which appears as a circular distribution of inclusions. This indicates
original working patterns of iron manufacture using a method involving
folding and reforging: the metal was annealed (a process of heating and
cooling back to air temperature to make metal more workable [see table
6.2]) and then forged, perhaps by hammering.

The Takashima Underwater Site

Metallurgical analysis was also attempted on corroded remains of two
iron nails mentioned earlier from bulkhead planks discovered at the Ta-
kashima underwater site. The two nails have fully degraded; thin magne-
tite layers have formed, and the inside of the nail holes is hollow. There is
thus no metallurgical information that would permit a determination of
the manufacturing processes used for the original nails. Despite the lim-
ited information, based on his previous research Masami Osawa (2005a)
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inferred that the quality of the iron used for the nails was similar to what
is known as iron casting decarbonized steel (see table 6.2).

According to Osawa (2005a, 2005b), the manufacturing process of the
Takashima nails can be inferred through iron remains found at the Avraga
site, which is regarded as Genghis Khan’s mausoleum, dating to the thir-
teenth century. Thin rectangular ingots of cast iron were initially pro-
duced by using molds measuring 10-15 millimeters in cross section. The
cast iron ingots were too brittle to be used for ship nails. Consequently, an
annealing process must have been conducted—by the application of heat,
probably for a few days, and by exposure to the air—whereby decarbon-
ization of the iron occurred. As a result, the iron became soft and pliable.
It could then be further forged, producing nails. The quality of iron pro-
duced through these processes is defined as an iron casting decarbonized
steel. During the process, the composition of the iron changed, yielding
an extra-soft steel (less than 0.001 percent carbon). Study of the iron prod-
ucts found at the Takashima underwater site has provided insights that
help us determine the quality and manufacturing processes of the nails
from the Quanzhou ship and the Shinan shipwreck.

Iron was a primary material used for fastenings in the construction of
seagoing ships sailing in the East China Sea. This owed a great deal to the
development of iron production in China, where industries were remark-
ably mature by the time of the Song dynasty. Apart from the need for
clarification of the manufacturing process, the entire system of obtaining
iron nails as a completed product is still unknown. The relationship be-
tween iron industries and shipbuilding industries clearly requires further
study.

Timber Analysis

Descriptions of timber used for ship construction appear in some detail
in a seventeenth-century Chinese historical text:

On the original specification, the grain-ship is built 52 ft. long with
planks 2 in. thick. The choicest timber for it is large baulks of nan-
mu, but the chestnut (li) is also used as second best. (Tian Gong Kai
Wu, vol. 9 [translated in Needham 1971: 411])
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The timber for the mast is usually fir (shan-mu), which must be
straight and sound. If the natural size of the spar is not long enough
for the mast, two pieces can be coupled together by means of a series
of iron bands placed around the joint a few inches apart. . . . Hull
timbers and bulkheads are made of nan-mu, zhu-mu, camphor
wood (zhang-mu), elm (yu-mu), or sophora wood (huai-mu).
[Camphor wood, if taken from a tree felled in spring or summer, is
liable to be attacked by boring insects or worms.] Deck planks can
be made of any wood. The rudder-post is made of elm, or else of
ye-mu or of zhu-mu. The tiller should be of chou-mu or of ye-mu.
The oars should be of fir (shan-mu) or juniper (kuei-mu) or catalpa
wood (qiu-mu). (Tian Gong Kai Wu, vol. 9 [translated in Needham
1971: 414; bracketed interpolation from Needham])
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These descriptions indicate that while the wood preferably used for masts
was fir (Cunninghamia lanceolata), relatively harder woods were used
for the main components of the hull, such as bay or nan mu (Machilus
sp.), oak or zhu mu (Quercus sp.), camphor or zhang mu (Cinnamomum
sp.), elm or yu mu (Ulmus sp.), and sophora or huai mu (Styphnolobium
sp.). While there are no specific records for the timbers used in the su-
perstructure of the ships, those used for components of a ship’s steering
system would have been carefully selected. Joseph Needham (1971: 645)
introduces an early account of the selection of timbers in a third-century
historical text, San Fu Huang Guo, referring to an emperor’s order for the
hull of a small boat to be constructed using catalpa wood, with magno-
lia wood for yulohs. Shiba (1968: 223) has pointed out that pine, fir, and
camphor were the predominant trees used for ship construction during
the Song dynasty. Archaeological evidence supplements the historical in-
formation, with timber species identification data for the Quanzhou and
Shinan ships and for the ship remains from the Takashima underwater
site indicating the regional locations of shipyards where they were built.
The discussion demonstrates the usefulness of species identification in the
study of hull components, especially in comparative perspective.
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Timber Species Identification

J. Richard Stefty (1994: 256-59) in his nautical archaeological study pro-
vides a discussion of major trees used in European shipbuilding. For the
study of wood species in East Asia, databases specific to the region are
pertinent, including the online database “Flora of China,” providing bo-
tanical information about China, and online data sets provided by the
Forestry and Forest Products Research Institute in Japan are also a useful
source for identifying the kinds of timber available in Japan and Southeast
Asia. Information from these sources proved valuable in analyzing the
wood in East Asian ship remains. Primary data for timber species iden-
tifications and the anatomical properties of wood in the hull structural
remains are available for each site in the reports published by the hold-
ing organizations and institutions (Museum of Overseas Communication
History 1987; National Maritime Museum of Korea 2004; Takashima-
cho Board of Education 2008). These reports allow us to understand the
norms of shipbuilding in the selection of specific woods for each hull
component, related to utilitarian factors of the species (table 6.3).

The Quanzhou Ship

Wood species identifications were conducted on samples from selected
parts of the hull of the Quanzhou ship in 1974, 1975, and 1978 (Museum
of Overseas Communication History 1987). Sixteen specimens were as-
sessed from nine hull components: the main keel, the forward keel, the
aft keel, frames, a windlass, bottom ceiling planks, garboards, hull planks,
and bulkheads. The specimens were compared to modern wood speci-
mens provided by the Forestry Agency of Jinjiang district and Jinjiang
Timber Company in Yongchun, Fujian Province, for the identifications.
All the samples were taxonomically identified to the species level, and
each sample was classified into one of three species: Pinus massoniana
Lamb., known as Chinese pine; Cunninghamia lanceolata (Lamb.) Hook.,
known as Chinese fir; and Cinnamomum camphora (L.) ]. Presl, known
as the camphor tree.

Wood species identifications on three timber samples from the Quan-
zhou ship were conducted by the Forestry and Forest Products Research
Institute in 2009 (see chapter 4 for radiocarbon dating of two of these
samples). The most recent species identification analyses confirmed the
use of Cunninghamia lanceolata and Cinnamomum camphora (Noshiro



Table 6.3. Types of woods used for the timbers from the Quanzhou ship, Shinan
shipwreck, and Takashima underwater site

Hull component ~ Common name

Botanical name

Chinese description

QUANZHOU SHIP

Main keel Chinese pine
Forward keel Camphor
Aft keel Camphor
Frame Camphor
Windlass Camphor
Ceiling plank Camphor
Garboards Chinese fir
Planks Chinese fir
Bulkheads Chinese fir

SHINAN SHIPWRECK

Main keel Chinese pine
Forward keel Chinese pine
Aft keel Chinese pine
Garboards Chinese pine
Planks Chinese pine
Bulkheads Chinese pine
Sheathing (sacrifi- Chinese fir
cial) planks

Part of water tank ~ Chinese fir
Mast step Camphor

Water tank bracket Winter-hazel

Pinus massoniana
Lamb.
Cinnamomum cam-
phora (L.) J. Presl
Cinnamomum cam-
phora (L.) J. Presl

Cinnamomum cam-
phora (L.) J. Presl
Cinnamomum cam-
phora (L.) J. Presl
Cinnamomum cam-
phora (L.) J. Presl
Cunninghamia lanceo-
lata (Lamb.) Hook.
Cunninghamia lanceo-
lata (Lamb.) Hook.

Cunninghamia lanceo-
lata (Lamb.) Hook.

Pinus massoniana
Lamb.

Pinus massoniana
Lamb.

Pinus massoniana
Lamb.

Pinus massoniana
Lamb.

Pinus massoniana
Lamb.

Pinus massoniana
Lamb.

Cunninghamia Lan-
ceolata (Lamb.) Hook.
Cunninghamia Lan-
ceolata (Lamb.) Hook.
Cinnamomum sp.
(Cinnamomum cam-
phora [L.] J. Presl?)
Distylium sp.

Ma wei song (ZEZFA)

Xiang sha (f&#1f), xiang
zhang (F1#)
Xiang sha (f&#1f), xiang
zhang (F1#)

Xiang sha (f&##), xiang
zhang (F1#)

Xiang sha (f&##), xiang
zhang (%)

Xiang sha (f&#1}), xiang
zhang (F1#)

Shan mu (f27K), sha mu
(HAR)

Shan mu (f27K), sha mu
(N

Shan mu (f27K), sha mu
(AR)

Ma wei song (Z5EEFA)
Ma wei song (T2 f)
Ma wei song (T2 )
Ma wei song (FHEfA)
Ma wei song (ZEF2)
Ma wei song (E52F2)
Shan mu (f47K), sha mu
HAR)

Shan mu (£%7K), sha mu

(HAR)
Xiang mu (&)

Wen mu shu (TCEER)

(continued)



Table 6.3—Continued

Hull component ~ Common name

Botanical name

Chinese description

Unknown timber  Oak
associated with

keel from join of

main keel and

forward keel

TAKASHIMA UNDERWATER SITE

Anchor no. 2:
shank (no. 15)

Holly olive

Anchor no. 2:arm  Oak
(i—no. 21)
Anchor no. 2: arm
(ii—no. 51)
Anchor no. 2:
wooden stakes to
hold stock (nos. 10
& 13)

Anchor no. 2:
loose tenon (no.
52)

Anchor no. 3:
shank (no. 24)
Anchor no. 3: arm
(i—no. 54)
Anchor no. 3: arm
(ii—no. 28)
Anchor no. 3:
wooden stake to
hold stock (no. 27)
Anchor no. 3:
loose tenon on
anchor crown

N/A

Oak

N/A

Oak
Oak
Oak

Oak

Oak

Anchor no. 3: trap-
ezoidal wooden
plates on anchor
crown

Camphor

Anchor no. 4: Oak
shank (no. 44)
Anchor no. 4: arm

(i—no. 47)

N/A

Cyclobalanopsis sp.

Osmanthus hetero-
phyllus (G. Don)
P.S. Green
Cyclobalanopsis sp.
Broadleaf tree
(Unidentified)
Cyclobalanopsis sp.

Broadleaf tree
(Unidentified)

Cyclobalanopsis sp.
Cyclobalanopsis sp.
Cyclobalanopsis sp.

Cyclobalanopsis sp.

Cyclobalanopsis sp.

Cinnamomum cam-
phora (L.) J. Presl

Cyclobalanopsis sp.

Broadleaf tree
(unidentified)

Qing gang (X))

Yi ye dong shu (4
)

Qing gang (7 X))
N/A

Qing gang (F X))

Qing gang (X))
Qing gang (X))
Qing gang (X))

Qing gang (F X))

Qing gang (X))

Xiang sha (f&#1f), xiang
zhang (74#)

Qing gang (X))

N/A



Hull component

Common name

Botanical name

Chinese description

Anchor no. 4:arm  Fig Ficus sp. Rong mu (fA7)
(ii—no. 56)

Anchor no. 4: N/A Broadleaf tree N/A

wooden stake to (unidentified)

hold stock (nos. 41

& 42)

Anchor no. 4: N/A Broadleaf tree N/A

loose tenon (unidentified)

No. 8 (small ship  Camphor Cinnamomum cam-  Xiang sha (f&#/f), xiang
timber) phora (L.) J. Presl zhang (/&)

No. 15 (large ship  Camphor Cinnamomum cam-  Xiang sha (f&#/f), xiang
timber) phora (L.) J. Presl zhang (/&)

No. 18 (large ship  Camphor Cinnamomum cam-  Xiang sha (f&#/f), xiang

zhang (%)

timber) phora (L.) J. Presl

No. 19 (bulkhead?) Camphor Xiang sha (f&#1), xiang

zhang (%)

Cinnamomum cam-
phora (L.) J. Presl

No. 193 (mast Camphor Cinnamomum cam-  Xiang sha (f&#/f), xiang
step?) phora (L.) J. Presl zhang (/&)

KZKO02 no. 221 N/A N/A N/A

(thin ship timber)

KZKO02 no. 601 Camphor Cinnamomum cam-  N/A

(hull plank) phora (L.) J. Presl

KZKO02 no. 909 Camphor Cinnamomum cam-  Xiang sha (f&##), xiang
(hull plank) phora (L.) J. Presl zhang (/&)

KZKO02 no. 949 Camphor Cinnamomum cam-  Xiang sha (f&##), xiang
(hull plank) phora (L.) J. Presl zhang (/&)

KZKO02 no. 1142 Camphor Cinnamomum cam-  Xiang sha (f&##), xiang
(bulkhead or phora (L.) J. Presl zhang (/&)

plank?)

KZK02 no. 1236  N/A N/A N/A

(bulkhead near

nos. 1439 and

1440)

(continued)
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Table 6.3—Continued

Hull component ~ Common name

Botanical name

Chinese description

KZK02 no. 1439~ Camphor Cinnamomum cam-  Xiang sha (f&#if), xiang
(bulkhead plank) phora (L.) J. Presl zhang (F1#)

KZK02 no. 1440  Camphor Cinnamomum cam-  Xiang sha (f&#if), xiang
(bulkhead plank) phora (L.) J. Presl zhang (F1#)

KZKO02 no. 1476 ~ Castanopsis Castanopsis sp. Zhu li ($fE5E)

(frame?)

KZKO02 no. 1607  Pine Pinus sp. Song mu (FAK)

(thin ship timber)

KZK02 no. 1863  Castanopsis Castanopsis sp. Zhu li ($fEZE)

(plank)

TKS13 no. 8 Camphor Cinnamomum cam-  Xiang sha (f&£}f), xiang
(athwart beam or phora (L.) J. Presl zhang (&)
bulkhead)

TKS13 no. 16 N/A Taxodiaceae N/A

(plank)

TKS13 no. Pine Pinus sp., subgenus N/A

17(plank, joining Diploxylon

to no. 16)

TKS14 no. 26 Camphor Cinnamomum cam-  Xiang sha (f5£}f), xiang
(bulkhead) phora (L.) J. Presl zhang (&)

Source: Museum of Overseas Communication History 1987; National Maritime Museum of

Korea 2004; Takashima-cho Board of Education 2008.

and Abe 2010)—the same species that were identified in previous research
(Museum of Overseas Communication History 1987). The configuration
of the samples used for analysis, however, does not provide evidence in-
dicating which part of the hull these timbers came from. The sections of
the sample identified as Cunninghamia lanceolata show substantial dam-
age by marine borers, suggesting that the original timber had been ex-
posed to water and thus perhaps was a hull plank. The sample identified
as Cinnamomum camphora might have been from a plank of the bulkhead
or fairing laths, if we consider its overall dimensions and look at its cut
edge. Although the information is insufficient to permit a definite de-
termination of the origin of the timbers, the results of the recent species
identifications do not contradict the wood species assemblage previously
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identified for the hull, in which two types of woods were used as primary
construction materials.

The Shinan Shipwreck

Korean researchers conducted wood species identifications on hull com-
ponents of the Shinan shipwreck, and the results are available in reports
(National Maritime Museum of Korea 2004, 2006b). Identifications were
conducted on the main hull components: the keel, garboards, planks, and
bulkheads. All the specimens from these main structural components
were identified as Pinus massoniana, which was apparently the primary
construction material for the Shinan ship.

The growth rings of the timbers measure 4-8 millimeters on average,
indicating that the timbers had come from trees in environments favor-
able for significant growth. Some clear rings are distinctive, indicating
substantial spring seasonal growth. Cunninghamia lanceolata was identi-
fied for a few parts of the hull, including the sheathing planks and part
of the water tank. Degradation of the timbers made from this tree varies;
some have deteriorated, while others still show well-preserved cell struc-
ture. The growth rings of the timbers measure 2 millimeters on average,
and ring width is consistent. The mast cheeks were identified as Cinna-
momum sp. The report notes that this genus has various species, and the
species could not be identified. However, it is likely to be Cinnamomum
camphora, given the many other examples demonstrating that this wood
was the camphor species most commonly used for shipbuilding in the
region (National Maritime Museum of Korea 2004). Wooden brackets
from the water tank were identified as Distylium sp. The timber shows a
soft structure, and the ring width measures only 0.4-0.6 millimeters. Di-
stylium is a genus in the hazel family (Hamamelidaceae), in which about
eighteen species are native to China. Distylium racemosum is likely to be
the species used for the brackets, but that has not been confirmed defini-
tively. Cyclobalanopsis sp. was used for a small rectangular timber from
the join of the forward and main keel. Although the purpose of this tim-
ber has not been clarified, Cyclobalanopsis sp. is commonly used for hull
structures and rigs in the region (National Maritime Museum of Korea
2004). Thus, most of the species found in the hull of the Shinan shipwreck
were coniferous trees that originated in the southern parts of China (and
Taiwan). Timber from well-grown Pinus massoniana trees composed the
hull. Trees that had reached around 150-170 years old were used for the
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hull (particularly the keel), and trees aged around 60-100 years were used
for most other main hull components (National Maritime Museum of
Korea 2004: 23).

The Takashima Underwater Site

Data on wood species recovered from the site are available in several re-
ports (Takashima-cho Board of Education 1996, 2001, 2003, 2008). The
early wood species identifications on the large wooden anchors are im-
portant (Mitsutani 1996). Of the nine anchors found, the results of species
identifications on the three that have the fullest set of components (an-
chors nos. 2, 3, and 4) are summarized in table 6.3. The structure of these
anchors shows consistency, yet different taxa of woods were identified:
Osmanthus heterophyllus (G. Don) P. S. Green (anchor no. 2) and Quercus
sp. and Cyclobalanopsis sp. (anchors nos. 3 and 4). The Osmanthus hetero-
phyllus used for the shank of anchor no. 2 is notable in that it is endemic to
Taiwan. This fact should be considered in discussing the origin of Kublai
Khanss fleet; some ships in the fleet might have been constructed in or
near Taiwan. As mentioned early in this chapter, chemical analysis con-
ducted on the stone anchor stocks suggests that the stone probably origi-
nated in the coastal areas of China facing the Taiwan Strait. The endemic
species range is not direct evidence of the place of construction, however,
because wood may have been exported by timber industries in Taiwan.
The species identifications demonstrate that anchor components may
have been made from different woods. The shank and arm of anchors
nos. 2 and 4, for example, were made of different woods. While the same
species of wood was used for the shank and arm of anchor no. 3, other
components of this anchor were made from Cinnamomum camphora.
Timber species identifications were conducted on a total of 606 speci-
mens from many wooden remains recovered during the 2002 rescue ex-
cavations and in test excavations in the following years (Takashima-cho
Board of Education 2008). Of these, I focus in table 6.4 on the species
identifications for 237 specimens classified as ship timbers. These iden-
tifications demonstrate a wide range consisting of twenty-six wood taxa,
of which only two—Cinnamomum camphora and Cunninghamia lanceo-
lata—could be identified to the species level. In total, 104 ship timbers are
identified as one of these two species: 63 are Cinnamomum camphora and
41 are Cunninghamia lanceolata. The third-greatest number is 34 samples
of Pinus sp. (subgenus Diploxylon). These three woods serve as major
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Table 6.4. Assemblage of wood species from the Takashima underwater site

Species Number Percentage of total
Cinnamomum camphora 63 27
Cunninghamia lanceolata 41 17
Pinus sp., subgenus Diploxylon 34 14
Ulmus sp. 17 7
Taxodiaceae 17 7
Lauraceae 14 6
Pinus sp., subgenus Haploxylon 14 6
Cryptomeria sp. 6 3
Castanopsis sp. 6 3
Other 25 11
Total 237

Source: After Takashima-cho Board of Education 2008.

trees that constitute 58 percent of the assemblage of wood remains classi-
fied as ship timbers.

The assemblage of other wood remains (42 percent of the specimens)
consists of twenty-three taxa. Among the miscellaneous timbers discov-
ered at the Takashima underwater site, there appears to be a correlation
between timber size and wood species; the timber remains originally
having large dimensions, indicative of their use for ship construction
(including the bulkhead planks), tend to be identified as Cinnamomum
camphora.

Timber for Shipbuilding in the East China Sea Region

George R. G. Worcester (1941) introduced the names of woods used to
build native river craft in China. The ships plying the upper Yangtze River
were built using song mu (pine), ging gang (oak), nan mu (Machilus sp.),
hong chun (camellia), feng xiang (maple), or bai mu (cypress). Flora is
varied in such a large continent, and the types of woods used in shipbuild-
ing could have changed through time. Nevertheless, the wood remains of
excavated ships dating to the late thirteenth and early fourteenth century
demonstrate selection of particular types of wood: camphor tree, Cin-
namomum camphora; Chinese pine, Pinus massoniana; and Chinese fir,
Cunninghamia lanceolata. These three species were the woods most com-
monly used during the growth period of East China Sea shipbuilding.
Some botanical information about these species warrants inclusion.
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The camphor tree, Cinnamomum camphora (L.) J. Presl, grows to thirty
meters tall with a trunk diameter of up to three meters. It is widely cul-
tivated south of the Yangtze River (Chang Jiang) and also grows in Japan
and part of Korea (Jeju Island). This tree yields oleoresin, already known
as chang nao during the Song dynasty (chun nao, f&fjx [Ptak 2000]),
though how the utility of such a substance was regarded in early Chinese
shipbuilding is unclear. In Japan, the camphor tree was used for ship-
building as commonly as Cryptomeria japonica (Japanese cedar); in Korea
the restricted use of camphor is evidenced by the species identifications
from ships of Korean origin.

The Chinese pine, Pinus massoniana Lamb., grows to a large size appro-
priate for ship construction: forty-five meters tall with a trunk diameter
of up to one and a half meters. Important in timber industries, it is widely
cultivated in modern China. Its distribution is in the south, including
Anhui, Fujian, Guangdong, Guangxi, Guizhou, Hainan, western Henan,
Hubei, Hunan, southern Jiangsu, Jiangxi, southeastern Shaanxi, Sichuan,
eastern Yunnan, and Zhejiang Provinces. This is a southern native species
of mainland China and Taiwan. In Japan and Korea it is not as common
as in China.

The Chinese fir, Cunninghamia lanceolata (Lamb.) Hook., grows to fifty
meters tall with a trunk diameter of up to three meters. It is an indigenous
Chinese species, and its distribution is similar to that of the camphor tree:
Anhui, Fujian, Gansu, Guangdong, Guangxi, Guizhou, Hainan, Henan,
Hubei, Hunan, Jiangsu, Jiangxi, Shaanxi, Sichuan, Yunan, and Zhejiang
Provinces. The “Flora of China” database states that this wood is resistant
to rot and termites and is easily worked. These characteristics explain its
use for sheathing planks in the Shinan shipwreck; sheathing planks are
thin and shaped to various sizes and function to counter biotic reactions
degrading wood tissues, including the effects of shipworm. This wood
shows remarkable dominance among the species identified in the Ming
dynasty’s Treasure Shipyard in Nanjing, which was a focal shipyard pro-
viding ships to Zheng He’s expedition fleet (see chapter 3).

It is also worth looking at the hardness of these timbers. Use of hard-
woods is likely to correlate with the sturdiness of the ship structure.
Hardwoods here are defined as broad-leaved trees, or flowering trees,
in comparison to coniferous trees, which are defined as softwoods. The
term hardwood means dense or heavy wood. In general, an increase in a
wood’s weight is in proportion to the increase in hardness. Attributes for
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Table 6.5. Density and hardness of the woods

Species Brinell hardness
Air-dried wood  Cross section Radial Tangential
density (g/cm?) section section
Cinnamomum 0.53-0.58 4000-4200 3100-3500  3200-3670
camphora
Pinus massoniana 0.44-0.59 2520-4220 2080-3220  2540-3600
Cunninghamia 0.32-0.39 2140-3040 1280-1850  1540-2060
lanceolata

determining the weight of woods include the density of the cells and the
amount of lignin in the cell walls. Wood, however, has many air spaces
in the cell lumen (pores), between cells, and between cell walls, and the
percentage of these spaces depends on the type of wood. Without these
spaces, pure wood cell wall material shows a density of about 1.50 grams
per cubic centimeter (g/cm?), yet such a wood does not exist, because
plants need spaces to carry or store water, nutrients, and gas for biological
processes. Thus, 1.50 grams per cubic centimeter is a weight defined as the
specific gravity of wood, such that wood with a weight close to 1.50 grams
per cubic centimeter is considered a heavier wood.

The relative weight of different woods based on specific gravity can be
measured by calculating the amount of gas filling up the spaces in com-
pletely dried wood. The resulting value representing the specific gravity
of the dried wood, which is equalized to a volume of pure water, is known
as the relative density of dry wood, or the air-dried wood relative density.
The relative density of dried wood of the three focal species (table 6.5) is
drawn from a Chinese source (Cheng 1985: 1258-94). For Cinnamomum
camphora, the air-dried wood density values presented in the Japanese
wood database are slightly different: 0.41-(0.52)-0.69.

Another criterion for assessing hardness of wood is its Brinell hardness.
The Brinell scale is used as one of the standards for defining hardness of
materials in industry by measuring the penetration of a weight loaded on
the material. The Brinell hardness of key woods is also presented in table
6.5.

Because the specific gravity values correspond to one gram of pure wa-
ter, wood with a relative density value greater than 1.00 theoretically does
not float in pure water, depending on the condition of the wood. In terms
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of specific gravity, oak, for example, is regarded as a heavy wood, and on
average it shows a relative density of 0.90. In contrast, the relative den-
sity values for the camphor tree and Chinese pine would classify them as
medium-heavy woods that also provide appropriate hardness. The results
of species identifications for the Quanzhou ship and the Shinan shipwreck
suggest that the hardness of those two species is sufficient for wood from
those trees to be serviceable in important hull components. Chinese fir is
a lighter tree consisting of softer wood tissue, and it is a convenient tree
for mass production of ship timbers. Wood from Chinese fir appears to
have been used for hull planking.

Castanopsis sp., identified for a few timbers from the Takashima un-
derwater site and regarded as ship construction material, shows a relative
density similar to that of the camphor tree and Chinese pine (about 0.60
on average). Some of the other wood remains from the sites are identi-
fied as heavier woods, such as Cyclobalanopsis sp., generally regarded as a
lower-level taxon of oak (a subgenus of Quercus). This wood was used for
timbers associated with the keel of the Shinan shipwreck and the shanks
of two Takashima anchors (anchors nos. 3 and 4). Anchor no. 3, the larg-
est anchor among those found, consists mainly of this relatively heavy
wood. Woods used for constructing hulls vary in air-dried wood density,
with values ranging from 0.30 to 0.60, depending on the component. For
the anchors to sink properly, oak or heavier woods would presumably
have been preferred.

Wood Species Identifications for Other East Asian Ships

The types of wood used in East Asian ship construction have been of inter-
est for a long time, yet the ship remains discovered circa the 1970s-1980s
provided only limited information on that topic. For the early-discovered
Ningbo shipwreck, for example, the types of wood used for the hull are
merely noted: Chinese fir, Chinese pine, and camphor tree (Green 1997a).
More information has recently become available, however, to facilitate
comparative study of wood species. Wood species identifications have
been conducted on components of the Penglai ships of the Yuan to Ming
dynasties (see chapter 7 for more about these ships). Penglai ship no. 1 was
discovered in 1984, and only a short summary of species identifications is
available (Liu et al. 2006). The Research Institute of Wood Industry of the
China Academy of Forestry assessed the wood species in the remains of
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the other three ships in 2005, and the details have been reported (Liu et
al. 2006), as summarized in table 6.6.

During the latest identifications, forty-nine specimens from hull com-
ponents of Penglai ships nos. 2, 3, and 4 were recovered and analyzed. To-
gether with woods identified from Penglai ship no. 1, these identifications

Table 6.6. Woods used in Penglai shipwrecks nos. 1, 2, 3, and 4

Hull component Common name Botanical name Chinese Description

PENGLAI SHIP NO. 1

Main keel Pine Pinus sp. Song mu (FAZK)

Aft keel Camphor Cinnamomum sp. Xiang mu (f&A)

Bulkhead Castanopsis Castanopsis sp. Zhu li (¥25)

Plank (Sample 1) Chinese fir Cunninghamia lanceo- Shan mu (f27K), sha mu
lata (Lamb.) Hook.  (JbA)

Plank (Sample 2) Chinese fir Cunninghamia lanceo- Shan mu (f27K), sha mu
lata (Lamb.) Hook. PA)

Plank (Sample 3) Chinese fir Cunninghamia lanceo- Shan mu (F27K), sha mu
lata (Lamb.) Hook.  (J/bK)

Mainmast step Phoebe Phoebe sp. Nan mu (ffg <)

Stern Phoebe Phoebe sp. Nan mu (ff§7K)

PENGLAI SHIP NO. 2

Keel (main and aft) Pine Pinus sp. Song mu(fA7R)

Garboard on starboard Pine Pinus sp. Song mu(FfAK)

Hog piece Elm Ulmus sp. Yu mu (f5i/E)

Forward keel Elm Ulmus sp. Yu mu (5 &)

Bulkhead no. 4 second Elm Ulmus sp. Yu mu (f5iJ&@)

plank

Bulkheads (no. 1, Castanopsis Castanopsis sp. Zhu li (4f5F)

second plank; no. 3
planks; no. 4, first

plank)

Frames (nos. 2, 4, 5) Castanopsis Castanopsis sp. Zhu li (FfEZE)
Mast step Castanopsis Castanopsis sp. Zhu li ($fE5E)
Mast longitudinal sup- Castanopsis Castanopsis sp. Zhu li ($fE2E)

port (?) no. 1
Mast longitudinal sup- Camphor Cinnamomum sp. Xiang mu (f&A)
port (?) no. 2

(continued)



Table 6.6—Continued

Hull component

Common name

Botanical name

Chinese Description

Plank (strake no. 10

on port side, strake no.
9 on starboard, other
scattered planks inside
hull and beneath keel)
PENGLAI SHIP NO. 3
Bottom median planks
Bulkheads (no. 3, first
and second planks;

no. 4, first and second
planks; no. 5, first and
second planks)
Garboards, port side
and starboard side
Planks (strake nos. 3, 4,
6 on port side; nos. 2, 3
on starboard side)
Frames (nos. 1, 2, 3)
Mast step (forward and
main)

Transverse bars (run
through bottom
planks)

Loose tenon (for
bulkheads)

Scattered timber (sec-
ond plank from bottom
of the hull)

PENGLAI SHIP NO. 4
Unknown timber (4b1,
4b2, 4b3)

OTHER

Unknown timber
(incomplete)

Chinese fir

Pine

Pine

Pine

Pine

Pine

Pine

Oak

Chinese
chestnut

Alder

Pine

Ironwood?

Cunninghamia lanceo-
lata (Lamb.) Hook.

Pinus sp.

Pinus sp.

Pinus sp.
Pinus sp.
Pinus sp.
Pinus sp.

Quercus acutissima

Castanea mollissima

Alnus sp.

Pinus sp.

Erythrophleum sp.

Shan mu ($27X), sha mu
(PAR)

Song mu (FAK)
Song mu (FAK)

Song mu (FA7K)

Song mu (fA7K)

Song mu (FAK)

Song mu (FAZ)

Ma li (Jfif5)

Ban li (f5F)

Qi mu (f2KJ&)

Song mu (fA7K)

Ge mu shu (FfEHE)
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demonstrate that the assemblage of the woods in the four ships represents
ten taxa: Pinus sp., Castanopsis sp., Ulmus sp., Cinnamomum sp., Cun-
ninghamia lanceolata, Phoebe sp., Quercus acutissima, Castanea mollis-
sima, Erythrophleum sp., and Alnus sp. From the report, Pinus sp. appears
to be the dominant wood. The main keel of Penglai ship no. 1 is made of
pine, as are the main and aft keels of Penglai ship no. 2. Penglai ship no. 3,
which shows characteristics of the Korean shipbuilding tradition, consists
of multiple strakes instead of a keel, and the strakes are made of pine too.

Woods used for other important components of the hull of Penglai ship
no. 2 vary but include Ulmus sp., Castanopsis sp., Cinnamomum sp., and
Cunninghamia lanceolata for the hog piece, the forward keel, bulkheads,
hull planks, frames, and mast steps. In some cases, the same component
includes different woods. For example, both Ulmus sp. and Castanopsis sp.
have been identified in samples from the bulkheads. In contrast, Penglai
ship no. 3 shows consistency in the use of woods. Besides the bottom
hull, all other hull components—the bulkheads, hull planks, frames, and
mast steps—are also made of pine. A few other woods have been identi-
fied in wooden nails and dowels, including Quercus acutissima, Castanea
mollissima, and Alnus sp. The differences in the wood assemblage between
Penglai ships nos. 2 and 3 represent a technological difference between
the two ships: Penglai ship no. 2 follows Chinese shipbuilding principles,
whereas Penglai ship no. 3 shows Korean shipbuilding technology.

There is evidence that Pinus sp. and Quercus sp. are the dominant
woods identified in Goryeo dynasty Korean ships (table 6.7). Pine has
been identified in the bottom strakes of the hulls and in most of the hull
planking. The beams, which secure the transverse strength of the hulls,
are made from relatively hard woods, identified as Quercus sp., Platycarya
sp., and Morus sp. Some of these woods are also used for the tenons and
bars that lock the hull planks. Comparing the species identifications in the
shipwrecks demonstrates consistency in the selection of particular woods.
In the Korean shipbuilding tradition, wood has been used as a fastening
material for a long time, and for the fastenings, hardwoods have been
selected.

Use of Ironwoods in Shipbuilding

Wood remains identified as Erythrophleum fordii were found at the Ming
dynasty shipyard in Nanjing; these show greater relative density values



Table 6.7. Woods used in Goryeo dynasty ships

Hull component Common name Botanical name

WANDO SHIP

Bottom plank (JEEK) Pine Pinus sp.
Bottom plank (JEEHK) Kaya (Japanese Torreya nucifera (L.)
nutmeg-yew) Siebold et Zucc.

Plank (4Mf) Pine Pinus sp.

Plank (M) Oak Quercus sp. (Quercus
acutissima?)

Beam A (JJ[IFE) Oak Quercus sp. (Quercus
acutissima?)

L-shaped chine strake (&4t Oak Quercus sp.

i)

L-shaped chine strake (24t Walnut Platycarya sp. (Platycarya

) strobilacea?)

Free tenon (pisak, f7ZH) Pine Pinus sp.

Free tenon (pisak, f7%4) Zelkova Zelkova sp.

TALIDO SHIP

Bottom plank (JEEK) Pine Pinus sp.

Plank (4Mf) Pine Pinus sp.

Beam A (JJIIFE) Oak Quercus sp. (Quercus
acutissima?)

Beam B (B R) Oak Quercus sp.

Beam C (BEARZAINIFE) Mulberry Morus sp.

Free tenon (pisak, f7%4) Mulberry Morus sp.

SIBIDONGPADO SHIP

Bottom plank (JEEK) Pine Pinus sp.

Plank (4Mf) Pine Pinus sp.

Beam A (JJIIFE) Walnut Platycarya sp. (Platycarya
strobilacea?)

L-shaped chine strake (24t Walnut Platycarya sp. (Platycarya

AT strobilacea?)

L-shaped chine strake ({4 Pine Pinus sp.

W)

Bow plank (ffy &A1) Pine Pinus sp.

Free tenon (pisak, F7ZH) Walnut Platycarya sp. (Platycarya
strobilacea?)

Tenon (changsak, %) Oak Quercus sp. (Quercus
acutissima?)

(continued)
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Hull component Common name Botanical name

ANJWA SHIP

Bottom plank (JEEHK) Pine Pinus sp.

Plank (4Mf) Pine Pinus sp.

Beam A (JIIIFE) Oak Quercus sp. (Quercus
acutissima?)

Beam C (BB AREINIFE) Pine Pinus sp.

Stern (REEEMAT) Pine Pinus sp.

Rudder (f&4EE) Oak Quercus sp. (Quercus
acutissima?)

Free tenon (pisak, f7 %) Pine Pinus sp.

Tenon (changsak, %) Pine Pinus sp.

ANSAN SHIP

Bottom plank (JEEK) Pine Pinus sp.

Plank (4Mf) Pine Pinus sp.

Free tenon (pisak, 7 %) Oak Quercus sp. (Quercus
acutissima?)

(0.90-1.06). However, heavier woods with a relative density of more than
1.00 have not been identified among excavated ship remains. Extremely
heavy woods have common features, including thick and lignified cell
walls and significant concentration of their fiber, and the heartwood of
these woods is very dark. Because of their weight, hardness of structure,
and color, they are commonly called ironwoods. The term ironwood is
used for various heavy and hard woods in many places. Ken Ogata (1972)
listed approximately ninety woods recognized as ironwoods. A family
group having many ironwoods in the lower taxa is Leguminosae (the bean
tamily). Erythrophleum fordii is in this family. Heavy and hard woods are
also identified as belonging to the families Myrtaceae, Sapotaceae, and
Dipterocarpaceae, mostly growing in the tropical regions.

Heavy and hard woods have been used as construction materials, while
lightness and softness are important in terms of wood’s utility. The weight
of timber also has implications in terms of transportation costs, which are
more significant for heavy and hard woods than for light woods in many
cases. Nevertheless, the usefulness of the heavy and hard woods has been
understood for a long time in China. The historical text Lingwai Daida,
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written in 1178, describes large foreign vessels using a very hard wood for
their rudders (Shiba 1968: 224; Needham 1971: 645).

The Chinchow coastal mountains have strange woods, of which
there are two remarkable kinds. One is the tzu-ching-mu (purple
thorn tree) as hard as iron and stone, in colour red as cosmetic paint,
and straight-grained; as large in girth as two men’s reach, and when
used for roof beams will last centuries. (Lingwai Daida, vol. 6, in
Needham 1971: 645)

PO . —HEHIR, BEEn, GbiiE, 5
HE AR, THEE. —HEEAR, HMRARM M,
R N2, (FIMUE BN)

According to the Lingwai Daida, two kinds of special trees originated
in coastal regions and the mountains of Qinzhou, which is located in
Guangxi Province close to Vietnam. Besides its color, the tree known as zu
ching mu (“RF|7K), identified as Cercis sp. (Needham 1971: 645), is char-
acterized by being “as hard as iron.” The historical text mentions another
hardwood tree known as wu lan mu (}5257K) that was used for the rud-
ders of large ships and was regarded as the finest wood for that purpose.
However, details about this tree, including its species, have not been clari-
fied. The text describes the tree in terms of its great density and durability,
which were necessary for large seagoing vessels to sail long distances in
the deep southern seas. Foreign ships from Southeast Asia sailing on the
South China Sea seem to have had their steering oars or rudder made of
wood from this tree. The description in the Lingwai Daida mentions the
value of the hardwoods and the matter of supply: when purchasing the
wood, people in Guangdong and Wenzhou must have paid ten times as
much as in Qinzhou, because the supply of this wood was only 10 or 20
percent of the demand in these areas as a result of problems transporting
the wood by sea (Needham 1971: 645). The description thus provides evi-
dence for the limited distribution of hardwoods from southern regions,
which would have increased their value, and further indicates the exis-
tence of timber markets and a distribution system for shipbuilding indus-
tries in China in the twelfth century.



Ship Construction Materials - 175

Timber Industries and Shipbuilding Industries

The availability of ship construction materials during the tenth to thir-
teenth centuries can be understood from a review of Chinese industries
at the time. During the Song dynasty, ship transportation industries
owned by governmental and nongovernmental agents were growing and
contributed to the widespread supply of ship construction materials to
shipyards in China (Shiba 1968: 222). Along with substantial growth in
various other industries, new ship transportation facilities appear to have
formed, and they started to occupy hinterlands of rural areas.

These phenomena did not occur all over the Chinese continent: in
general, the timber industry in the north was not as productive as in the
south. Shiba (1968: 223) cites a description in the twelfth-century text
Zhong Mu Ji (Collection of Zhong mu, [Ef24E) that mentions the su-
periority of woods from the southern part of China. The seagoing ships
from Fujian were judged to be the finest, and those from Guangdong and
Guangxi were second, with those from Wenzhou and Mingzhou (Ningbo)
following as third. Wood growing in the north was considered inadequate
for ships sailing on open seas. Moreover, a paucity of environments sup-
plying timber in northern China can be inferred from descriptions in
historical records, which mention that the construction of cargo ships
ceased on the upper Yangtze River because of an insufficient supply of
appropriate timber (Shiba 1968: 222-23).

The common use of the camphor tree, Chinese pine, and Chinese fir
demonstrated in the archaeological data corresponds with historical re-
search. Some geographical names and shipyards using the wood of these
trees appear along with tree characteristics in historical botanical texts,
such as Zhenglei Bencao (Classified materia medica, FFEH4<EL). In the
shipyards of the Jiangnan regions around the lower Yangtze River, wood
from the camphor tree has served as the most durable ship construction
material because of its hardness.

Another source provides a record of the construction of 168 ships using
pine wood during the reign of Emperor Xiaozong (1162-89) around what
is now Hunan Province (Shiba 1968: 223). Shiba (1968: 223) mentions a
description in a historical botanical text indicating that Chinese fir was
commonly used because of its resistance to water damage. According to
Shiba (1968: 224), some descriptions quoted in Ming dynasty texts, in-
cluding Ming Shi (History of Ming, A 5%) and Wanli Huidan (Collected
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statutes of Wanli, /7J&<3H), cite the quality of timbers used for ships:
cedar is the most suitable and expensive wood, and wood from the cam-
phor tree and pine follow, but the quality of pine wood cannot match the
others. Woods ideographically described in the texts need to be identified
botanically before we can assess their correspondence with wood remains
from archaeological sites; that is beyond the scope of this research.

Jiangxi Province has been a focal area because of its conjunction of
inland shipping and timber supply. The rise of shipyards in this area co-
incided with the development of forestry. The area could have played a
significant role as a source of ship timbers being supplied to coastal ar-
eas through river transportation and portage systems. The establishment
of shipyards on the coasts was substantially related to supplies from the
hinterland. Wenzhou in southeastern Zhejiang Province and Mingzhou
(now the city of Ningbo) both flourished as centers of shipbuilding. Ming-
zhou, however, could have been the more productive, relying on adjacent
Chuzhou (Lishui), which was famous for its timber industry. Wenzhou
and Mingzhou were both focal areas for the collection and distribution
of timber for export. Traders from Guangnan and Fujian and Japanese
merchants visited the two cities to trade in seaborne timber. Government
shipyards were established in these two cities by the time of the reign of
Emperor Renzong (1022-63). Compared to inland shipyards along riv-
ers, the shipyards in Wenzhou and Mingzhou could have been growing
independently. This was because they were major centers dealing in ship
construction materials, including not only timbers but also other essential
products, such as oil, iron products, lime, vegetable fiber, and coal. In the
end, the shipyards in Wenzhou undertook construction of both seagoing
ships and river ships, following government orders. However, the decline
of the shipyards eventually occurred, because of exhaustion of the wood
resources. Mingzhou would retain dominance as an international port in
the following centuries.

Perspectives on Ship Construction Materials

Reviewing ship construction materials and related industries leads to
a better understanding of how shipbuilding technologies developed
in the East China Sea regions. Fastening methods using iron materials
were common in the East China Sea shipbuilding tradition. Early inno-
vations in iron production in China facilitated the use of iron for ship
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construction, and iron was widely used for nails, clamps, and brackets
during the Song and Yuan dynasties—these are the three major types of
iron fastenings used in the period under consideration.

The three major types of trees likely to be identified in excavated ships
from mid- to southern China are Chinese pine, Pinus massoniana; Chi-
nese fir, Cunninghamia lanceolata; and the camphor tree, Cinnamomum
camphora. Selecting the appropriate woods for ship construction was
done with concern for their utility and availability. Utility is assessed
above in terms of timber utilization as a ship construction material, with
a focus on characteristics of the wood, such as hardness and resistance to
degradation. Availability is assessed taking into consideration the extent
of the timber industry during the Song dynasty.



East China Sea Rising

The rise of the East China Sea shipbuilding tradition in China during the
Song dynasty facilitated Chinese merchants’ seafaring by providing sea-
going ships built in their own country. Substantial changes in the govern-
ing system in mainland China during the period from the Song dynasty
(AD 960-1279) to the Yuan dynasty (AD 1271-1368) impacted maritime
activities widely in East Asia, yet maritime networks and human move-
ment by shipping expanded throughout these periods (Yasuhiro 2008),
and technological innovations in shipbuilding continued to occur. Exca-
vated ships in China dating from the Yuan and Ming dynasties indicate
the existence of still another shipbuilding tradition or subtradition in the
East China Sea, distinct from those described in the preceding chapters.

The Song and Yuan Dynasties

Socioeconomic growth and the expansion of trading networks by ship-
ping were more apparent during the Song dynasty in China than in previ-
ous periods (Hartwell 1966; Shiba 1968; Clark 1991; Chaffee 2010), partly
because of further development of the country’s water transportation sys-
tem: “Progress of water transportation showed itself in general in the con-
struction, propulsion and control of ships (both on the ocean and in the
inland waterways) as well as in the growing specialization of ships accord-
ing to their purpose, their region of operation and the like” (Shiba 1968: 7
[my translation]). Such specialization occurring in the water transporta-
tion industries coincided with the growth of ship manufacturing; many
shipyards for inland watercraft developed in Wenzhou and Mingzhou.
Around the later period when the Quanzhou ship was built, the Song dy-
nasty had already lost parts of its territory to invasion by Tungusic groups
from the north. The dynasty had managed to continue its reign by relo-
cating its capital from Beijing to the southern city known as Linan (now
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Hangzhou), whereupon it became known as the Southern Song dynasty.
After this drastic change, it still administered a water transportation sys-
tem by relying on shipbuilding industries in the south, and it maintained
naval power until the full-blown rise of the Yuan.

During the Song dynasty, the private and governmental sectors were
both widely involved in water transportation and related industries, re-
sulting in a diverse suite of ship owners, including rich farmers, lords,
merchants, Buddhist clergy, and regional and central bureaucrats (Shiba
1968). Industrialization of the shipyards, in particular, was under govern-
ment control. Interference with the private shipyards of the south through
governmental control is presumed to have occurred after the southward
relocation of the capital. The consequences of interference may be related
to changes in the shipbuilding traditions in the central and southern parts
of China.

Song Dynasty Seagoing Ships

China has seen an increase in archaeological discovery of coastal and sea-
going ships dating to the thirteenth century and constructed in regions
south of Hangzhou Bay. As discussed in previous chapters, technological
innovations occurred in parts of the zone from Zhejiang southward; these
innovations include the combination of bulkheads and a keel to produce a
type of hull better suited to seafaring. Bulkheads were the main transverse
components in coastal or seagoing traders. Other features developed in
the hull structure that enhanced its sturdiness for seagoing voyages in-
clude the assemblage of frames and brackets attached to either side of
the bulkheads to affix them to hull planking. The hull planking of the
coastal or seagoing ships was often characterized by some sort of clinker
construction method. Adoption of sacrificial planks also became a com-
mon feature.

Aside from the Quanzhou ship, hull remains of the Song dynasty’s sea-
going ships discovered in China include Bai Jiao shipwreck no. 1, Nan-
hai shipwreck no. 1, and Huaguang Reef shipwreck no. 1 (Kimura 2010a).
These ship remains are thought to date back to the late thirteenth cen-
tury and to have originated from the East China Sea region. Only a few
timber remains survived at the Bai Jiao shipwreck no. 1 site (Kenderdine
1995, 1997). Nanhai shipwreck no. 1 and Huaguang Reef shipwreck no. 1
have substantial potential to be important resources comparable with the
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Quanzhou ship and Shinan shipwreck. However, only limited informa-
tion is currently available about the hull remains.

Nanhai Shipwreck No. 1 (Fg/8—577(/)

Nanhai shipwreck no. 1 in the South China Sea is the best-known ship-
wreck in terms of attracting public interest, not only because of its his-
torical significance but also because of the state of preservation of its hull
and cargo. Details of this shipwreck are available in a few sources (Zhang
2006a; Liu 2011; Wei 2011; Yiran 2014). The shipwreck was accidentally
discovered in 1987 by the Guangzhou Salvage Bureau under the Minis-
try of Communications and a British salvage company, while they were
searching for Dutch East India Company shipwrecks offshore near Shang-
chuan and Xiachuan Islands. The significance of the site was recognized
after some precious artifacts were recovered, and immediately after that
the site was protected.

In 1989 the shipwreck site was initially inspected by an international
team from the National Museum of Chinese History and an avocational
organization for underwater archaeological survey from Japan. Begin-
ning in 2001, a Chinese team from the Underwater Archaeological Re-
search Center of the National Museum commenced a series of surveys
and partial excavations. As a result of that exploration, which continued
until 2004, a challenging approach was adopted, aimed at raising the ship
remains along with the surrounding sediment for the sake of presenting
underwater archaeological excavation work on the shipwreck within a
caisson inside a museum. In 2007 a large caisson was placed around Nan-
hai shipwreck no. 1; it was then recovered containing both the shipwreck
and its physical seabed context. It was moved to the newly built museum
on Hailing Island in Yangjiang city, Guangdong. Almost two decades after
the discovery, the entire shipwreck, still embedded in the sediments, was
placed on land.

In the following years, Chinese researchers continued removing the
sediment and exposing the hull in the museum. The results of the partial
excavation and the prior remote sensing survey indicate that the ship-
wreck remains in the caisson are approximately thirty meters long, seven
meters wide, and four meters deep. At this stage, detailed information
about the hull is not available. Numerous recovered ceramics originating
from Jingdezhen, Jiangxi, Longquan, Zhejiang, Dehua, and Cizao indi-
cate that the ship was a trader. Many copper coins were also recovered;
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these mainly date to the Northern Song dynasty. Among them, however,
are two coins inscribed as Jianyan Tongbao (7% #E%f) and Shaoxing
Yuanbao (42HLCE) that date the wreck to the Southern Song dynasty.
Relevant academic reports have not yet been published, and only partial
information about the recovered artifacts is available (Tian et al. 2014).

Huaguang Reef Shipwreck No. 1 (HES¢CHE—S7I1AY)

A Chinese underwater archaeology team conducted underwater archaeo-
logical surveys and excavations in the Paracel Islands (Xisha Islands) in
the late 1990s. During the seasonal work, thirteen sites were identified,
dating from between the period of the Five Dynasties (AD 907-60) and
the twentieth century (Zhang 2006b). They include one well-preserved
shipwreck. The remaining part of the hull was found in 1996 at the south-
central reef known as Discovery or Huaguang Reef, causing it to be named
Huaguang Reef shipwreck no. 1. Immediately after the hull was located,
the site was disturbed by looters.

Through 1998 and 1999, the Chinese team conducted surveys and test
excavations. More than 850 pieces of ceramics, ship timbers, and other
artifacts were recovered. In 2007 a full excavation commenced, and the
preservation status of the hull and site were assessed. More than 6,000
artifacts were recovered in this operation, including iron ingots and many
ceramics (including some intact wares). During the second season of ex-
cavation, 511 ship timbers were recovered. The recovered timbers were
taken to a museum on Hainan Island in Hainan Province for preserva-
tion and analysis. An artifact report with a focus on ceramic study has
been published (Shanxi Museum and Hainan Provincial Museum 2013),
but detailed information about this shipwreck hull is not yet available to
researchers outside the country. A Chinese government officer provided
a brief explanation of the site at international conferences in 2009 (Yang
2009).

According to Zelin Yang of the Institute of Cultural Relics and Archae-
ology of Fujiang Museum, the remaining hull measures approximately
seventeen meters in length and seven and a half meters in width. Its state
of preservation is very good. Three members of the keel remain. The
hull planking shows five layers in some parts. The first and second in-
ner planks are thicker than the outer planks. Iron nails were used for the
hull planking, but details about these have not been reported. There are
ten bulkheads: the seams of the bulkhead planks show rabbeted joints,



182 - Archaeology of East Asian Shipbuilding

and there are limber holes in the bulkheads. The manner of joining the
bulkheads to the hull planks is similar to that of the Shinan shipwreck in
the use of wooden brackets and frames (Yang 2009). The shipwreck has
been dated to the Song dynasty. Some blue and white porcelain pieces
were found in the hull, and some ceramics were discovered beneath the
shipwreck. A large metal concretion was in the middle of the hull.

Ningbo Ship (ZER7Hf)

Among the Song dynasty excavated seagoing ships in China, one shows
a structure that is different from that of the others. Discovery of the
Ningbo ship dates back to 1979, similar to the Quanzhou ship. The hull
of the Quanzhou ship was secured for exhibition; however, the fate of the
Ningbo ship was not as favorable. Though the remaining part of the hull
was documented and we can consult the description in both Chinese and
English, the hull itself is no longer extant (Lin et al. 1991; Green 1997a).
Drawings of it indicate differences from other ships in the composition
of the keel and garboards, which do not provide deadrise steep enough to
form a V-shaped midship cross section, and the cross section also shows
that the hull planking is not in a single layer (figure 7.1).

The archaeological remains of the Ningbo ship were discovered near
the Fenghua River (Z£/E)T)) at Dongmenkou in the city of Ningbo (Lin et
al. 1991). After the hull was exposed, deterioration occurred quickly, and
unfortunately the hull was not properly preserved. The surviving portions
of the hull (measuring 9.3 meters in length and 4.4 meters in width) con-
sist of the forward section of the hull bottom, including the forward keel,
the main keel, bulkheads, and hull planking. The remaining portion of the
main keel is 7.34 meters long, 0.26 meters wide, and 0.18 meters deep. The
middle member of the main keel shows the greatest length (5.10 meters),
and both ends are stepped for the scarfs. On its aft scarf, a piece of timber
remains that is regarded as part of the aft member of the main keel or an
aft keel. Since this is unclear, the number of original members making up
the main keel has not been ascertained.

The forward member of the main keel is approximately 2 meters long,
and its forward end is scarfed to join the forward keel. The forward keel
angles upward at 35 degrees. Its remaining part is 1.55 meters long and
has a triangular cross section, the widest part measuring 180 millimeters
with a depth of 200 millimeters. There are twelve coins and associated
small holes in the scarf joint between the main keel and the forward keel,



(£661 w9210y wox]) Ty pasodxs ay jo yderdojoyd pue ‘suoryoas ssox uerd ‘diys oquiN T'/ 23]

peawpiIng Wz peaWING W19
peawIng uis pROWING Wiy

b [ ]
peayyIng pig peawyqnqg pug peaRINg ISL

\/ e

\ dajs jsewasoy

Jsuagns




184 - Archaeology of East Asian Shipbuilding

associated with the previously discussed shipwrights’ tradition (Green
1997a: 20).

Seven bulkheads remain on the main keel. The thickness of the bulk-
head planks is 70-100 millimeters, on average. The bulkheads are nailed
to the frames, which in turn are nailed to the hull (Green 1997a: 20). A
supporting timber or stiffener is vertically installed against the aft side
of the fifth bulkhead, and this timber is fixed into a recess on the keel.
Because this arrangement appears to be only on the fifth bulkhead, which
is the position of a mast step, the timber is presumably for reinforcing the
bulkhead against the loads imposed by the mast. Bulkhead spacing var-
ies; the smallest hold is the second, measuring 620 millimeters between
bulkheads, as compared to the fifth hold, measuring 2.05 meters between
bulkheads, which is the largest space. A forward mast step is placed on
the forward side of the first bulkhead, and it measures 840 millimeters
athwartships, 210 millimeters fore and aft, and 140 millimeters thick. A
main mast step, placed in the forward side of the fifth bulkhead, measures
1.04 meters athwartships, 250 millimeters fore and aft, and 180 millime-
ters thick. Both mast steps have recesses to receive tabernacle cheeks.

The cross-section drawings show a gentle turn to the bilge starting at
the garboards, with a moderate deadrise. In the bow, the cross-section
drawing shows a sharp V shape. The hull planking is carvel-built, and ac-
cording to the drawings, it is single layered. The length of the remaining
plank is 3.0-8.0 meters, with a width of 210-420 millimeters and a thick-
ness of 60-80 millimeters. Iron nails having a rectangular section mea-
suring 10-15 millimeters on each side are used for the hull planking, and
these nails have been skew driven at intervals of 100-250 millimeters. The
seams of the strakes are filled with putty. On the outer surface around the
seventh and eighth strakes on the starboard side, a longitudinal timber
with a semicircular profile is fixed by iron nails. It is 7.10 meters long and
runs along the hull. This has been explained to function as a bilge strake
to contribute to stability and strength (Wang 2000: 144). In addition, what
is thought to be part of the rudder stock has remained.

Yuan Dynasty Seagoing Ships

The establishment of the Yuan dynasty, ensuing from the Mongolian oc-
cupation of China, substantially affected relationships among nations
and changed maritime networks between China and the other East Asian
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countries, including the destruction of the tribute system. The newly re-
stricted relationships between countries allowed private traders to make
more inroads into overseas trading instead of the seaborne tribute trading
that had previously occurred. Yet the Mongolian rulers of the Yuan dy-
nasty appreciated the significance of water transportation and beneficial
maritime trade as much as previous dynasties had (Matsuura 1995: 39).
Based on that understanding, their policy involved strictly controlling
piracy yet being conciliatory toward illegal traders. Chinese ships were
employed as a means of overseas transportation. The significance of the
ceramics trade in the northern part of China is indicated by the recovery
of many ceramics from the Sandaogang wreck site offshore of Suizhong in
Huludao city, Liaoning Province, by a Chinese underwater archaeological
team (Zhang 2001; Kimura 2010a).

A few ship remains dating to the Yuan dynasty and the following
Ming dynasty (AD 1368-1644) show defensive features: these ships car-
ried weapons, and some of the recovered ships were initially designed as
battleships and patrol boats. One of the best-preserved Chinese ships,
from the city of Penglai in Shandong Province, has been recognized as a
battleship or patrol boat. Armed ships or ships carrying firearms appear
to have become more numerous during the late Yuan dynasty period.
There are probably multiple reasons for why the ships were armed. One
factor relates to the necessity of self-defense among private traders, who
needed to protect their investments from piracy; another could involve an
increase in smuggling, which became more serious as the Yuan dynasty
declined.

The Penglai Ancient Ships

Penglai is a northern city facing the Yellow Sea—well to the north of
where the Song dynasty seagoing ships were found. Underscoring the
significance of the Penglai discoveries is that they show structures very
different from those of excavated ships from the south. The presence of
a keel, for example, is not clear in the hull structure, whereas use of a
keel is identified in representative seagoing vessels such as the Quanzhou
and Shinan ships. Other differences include the form of the hull, which
does not show a greater width than the Song dynasty’s ships; distinctive
fastening methods for the hull planking; and no use of sheathing planks
(the hull planking consists of a single layer). Notably, these features are
identical to those of the Ningbo ship.
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Penglai Ship No. 1 (3 fli—5)

Penglai ship no. 1 was the first to be discovered among the four sets of
ship remains known as the Penglai ancient ships. They were found near
Penglai Castle at Yantai city in Shandong Province. In 1984, during dredg-
ing at Dengzhou Harbor, the first shipwreck was encountered. It has been
documented in various sources (Xi 1989; Xi and Xin 1991; McGrail 2001:
371-73; Blot 2006; Yuan 2006b).

The remaining part of the hull is 28.6 meters long and 5.6 meters wide.
There is a narrow flat bottom and then a gentle turn to the bilge (figure
7.2). The shape in cross section above that turn of the bilge appears to be
very flared. The well-preserved lower hull includes a keel and thirteen
bulkheads. The keel consists of three members joined by hooked scarf
joints: the forward keel is 3.60 meters long; the main keel, 17.06 meters;
and the aft keel, 5.58 meters. The main keel shows slight hogging. There
are recesses for placing mirrors or coins in the keel joints. The keel scarfs
are reinforced by hog pieces fitted on the top of the keel.

The best-preserved bulkheads, no. 3 and no. 5, consist of four planks
respectively and are 160 millimeters thick, on average. Part of the upper
surface of the three lower planks is rabbeted to form a tongue and groove
joint, and the uppermost bulkhead planks have four holes that could be
used to place longitudinal timbers through the hull. Each bulkhead plank
is joined by four sets of mortises and tenons, and iron clamps appear to
fasten the lower and upper bulkhead planks. There are two limber holes in
each bulkhead, about half a meter from the keel on either side. The bulk-
heads located forward show that half frames are attached to their aft side
and iron brackets are used to fix the bulkhead planks in the hull planking
on the forward side. The reverse arrangement pertains on the bulkheads
located aft of midships: they have half frames on the forward side and L-
shaped iron brackets on the aft side.

Ten strakes remain on the port side, and eleven strakes remain on the
starboard side. The hull planks are 3.7-18.5 meters long, 200-440 mil-
limeters wide, and 120-280 millimeters thick. Garboard strakes show the
greatest thickness; they are baulks rather than planks. The hull planking is
edge-joined by two different types of square iron nails: large edge-driven
nails and bent skewed nails. The hull planks are joined to make up strakes
with hooked scarf joints having mortise-and-tenon ends.
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Propulsion of the ship is evidenced by two mast steps remaining on
the hull. A forward mast step having two recesses with a size of 200 x
200 millimeters to receive tabernacle cheeks is located on the forward
side of bulkhead no. 2, measuring 1.6 meters athwartships. A mainmast
step having two recesses with a size of 260 x 260 millimeters is located on
the forward side of bulkhead no. 7, measuring 2.9 meters athwartships.
A transom consisting of three timbers has a rudder stock hole (rudder
trunk) with a diameter of 300 millimeters.

Artifacts recovered from the ship include five iron grapnels, a wooden
anchor, three stone anchors, ropes, 489 Chinese ceramics, a few Korean
ceramics, and Japanese coins. From the ceramics and study of sedimenta-
tion where the hull was discovered, the research team concluded that the
ship was built around the end of the Yuan dynasty and was used into the
early Ming dynasty (Yang 1989: 61-62). Considering the historical back-
ground of the Penglai Castle and a few weaponry artifacts discovered in-
side the hull, Chinese researchers speculate that the ship could have been
used as a battleship; they refer to a ship mentioned as daoyu zhanzhao
(sword-fish battleship, 7] 5fH) and to the Qing dynasty historical text

S

Penglai Xianzhi (History of Penglai, Z£3cH%& [Zou and Yuan 1989: 76]).

Rise and Decline of the Ming Dynasty (AD 1368-1644)

The Ming dynasty ruled China for 270 years. During its reign, the politi-
cal and socioeconomic environment was oriented in a new direction: the
revival of Han China (as noted in chapter 3 and addressed in studies of
the emergence of a new East Asian network encompassing Southeast Asia
[Reid 1988, 1995; Momoki 2008; Wade 2010]). The first ruler of the Ming
empire attempted to reinvolve not only East Asian nations but also South-
east Asian polities in the tribute system. This was triggered by insufficient
government control of and intervention in maritime trade during the de-
cline of the Yuan, which had led to more-aggressive piracy and raiding.
The Ming dynasty had to make more efforts to control piracy than any
previous dynasties had done. Restriction of private maritime trade was
enforced by a legal policy known as Hai Ban or the Ming Ban.
Inconsistency in Yuan imperialism led to the Ming bringing in naval
power as a means of expanding their jurisdiction. The process of recover-
ing hegemony at sea was diplomatically embodied in the delegation of
Zheng He’s fleets to the Southeast Asian regions and farther west. The
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purpose of Zheng He’s voyages was to demonstrate to those nations, either
implicitly or explicitly, the reassertion of a Han Chinese empire (Need-
ham 1971: 487-88; Zheng 1991). Non-Chinese scholars have interpreted
this as a form of armed diplomacy (Matsuura 1995: 46; Wade 2004; Danjo
2005:160). The effects of Ming southern expansion through maritime ac-
tivities have been pointed out in terms of the direct and massive dissemi-
nation of the Han Chinese system, rules, and dogmas into the kingdoms
and nations of Southeast Asia (Laichen 2010). The formation of sea-lanes
connecting various parts of Southeast Asia is more clearly recognizable
in the Ming period than in previous eras (Mills 1979). John Miksic (2010)
has addressed the issue archaeologically, reviewing how the Ming voyages
and maritime policies affected Southeast Asian trading patterns.

The construction of seagoing traders during the Ming dynasty is hard
to evaluate. Archaeological evidence of ships that might have been en-
gaged in long-distance voyages to Southeast Asian and Indian Ocean
regions is limited in Chinese waters. One exception to this general state-
ment is the Nan'ao shipwreck, for which the discovery of numerous blue
and white ceramic pieces suggests that it was engaged in exporting ceram-
ics outside China (Jian 2011). The report published in 2014 provides basic
knowledge about the ceramic assemblage, classified into eleven different
types (Guangdongsheng Wenwu Kaogu Yanjiusuo 2014), but the informa-
tion about the hull remains is limited. There are more sources that discuss
the remnants of other coastal ships found in China. Technologies evident
in the remains of coastal ships are nevertheless sufficient for developing
some premises regarding the formulation of shipbuilding technologies in
this period.

Ming Dynasty Trader: Nanao Shipwreck No. 1 (F§HE—5)

The Nan'ao shipwreck was discovered by a local fisherman in 2007 oft
the Nanao Islands near Shantou city in Guangdong Province. The area
where the ship was found is adjacent to Fujian Province and the Taiwan
Strait. According to a brief report (Jian 2011), the Guangdong Archaeol-
ogy Cultural Relic Research Institute, Guangdong Museum, and National
Conservation Center for Underwater Cultural Heritage conducted a joint
underwater archaeological excavation between April and July 2010. The
excavation exposed an area of ten meters by thirty meters and revealed
most of the hull remains. The length of the remaining part of the hull is
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approximately twenty-seven meters, and the maximum width is seven
and a half meters. The hull was divided by fifteen bulkheads, produc-
ing sixteen compartments. While the condition of the hull is reported
as better than that of other shipwrecks found in China, little detailed in-
formation about hull structure is available as yet. During the first sea-
son’s excavation, 11,248 artifacts were recovered from the site; the major-
ity, 10,624 pieces, are ceramics. Most are various types of blue and white
wares, including plates, bowls, bottles, jars, and cups from the Zhangzhou
kiln in Fujian Province. Some Jingdezhen wares were also recovered from
the shipwreck. Apart from the blue and white ceramics, recovered items
include wooden wares, iron pans, glazed jars, organic remains, copper
coins and sheets, and miscellaneous copper products. The total number
of recovered artifacts is over 54,000 pieces (Guangdongsheng Wenwu
Kaogu Yanjiusuo 2014). Chinese researchers have concluded that the ship
probably sailed from Fujian, which functioned mainly as an export port
at the time (Jian 2011: 296), and thus should be considered a Ming dynasty
trader.

Coastal Ships

Four additional Ming dynasty excavated ships have been archaeologically
investigated: the Xiangshan Ming dynasty shipwreck and Penglai ships
nos. 2, 3, and 4. The well-preserved hulls of the Xiangshan Ming dynasty
shipwreck and Penglai ship no. 2 are important testimony by which to
identify a cluster of shipbuilding technologies in the East China Sea ship-
building tradition, in combination with the remnants of the Ningbo ship
and Penglai ship no. L.

After the discovery of Penglai ship no. 1 in 1984, another three ships
were found in 2005 during development work adjacent to Penglai Castle.
The importance of the discovery lies in the apparent structural differences
between the hulls; Penglai ship no. 2 shows evidence of the Chinese ship-
building tradition, while the other two ships reveal evidence of the Ko-
rean shipbuilding tradition in their structure and construction methods
(as can be seen in cooperative research by Chinese and Korean scholars
[Gong and Xi 2006; Yuan 2006a; Cui and Kim 2007; Cui 2009]). The
adoption of Korean shipbuilding technology is clearly evident in the well-
preserved Penglai ship no. 3, but that ship also has a bulkhead structure as
in Chinese shipbuilding. Although the idea of hybridization has not been
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introduced or appreciated among scholars so far, what can be observed
on Penglai ship no. 3 is that the hull represents technological integration
in northern East Asia.

Xiangshan Ming Dynasty Shipwreck (Z21LIBRIIAY)

In 1994, the remains of a Ming dynasty ship were found in the silt of an
ancient harbor near Qibu village in Xiangshan, Zhejiang Province. Begin-
ning in 1995, the Archaeological Research Institute of Ningbo conducted
an excavation of the ship (figure 7.3). The remaining part of the hull mea-
sures 23.7 meters in length and 4.9 meters in width and includes a keel
and bulkheads (Xi et al. 2004: 195-98). The cross section shows a rounded
bottom with sharper sections at the bow. Details of the keel have not been
reported, but the keel seems to consist of three timbers. On each posited
joint in the keel, there is a hog piece like those observed on Penglai ship
no. 1.

Twelve bulkheads divide the hull, and two or three broad planks re-
main in each bulkhead. Some of the second bulkhead planks have two
square holes measuring 18-20 x 14-20 millimeters to place two timbers
running longitudinally through the hull. The bulkhead planks in the bot-
tom have two limber holes. There are frames attached to the bulkheads.
The distribution of the frames has not been clearly explained, but the
drawings suggest that most bulkheads have frames on both the forward
side and the aft side. The frames attached to the bulkheads seem to have
been fastened to the hull planking by iron nails. Numerous hull planks
remain, evidencing seventeen strakes per side through the midsection
of the hull. The planks vary from 140 to 160 millimeters in thickness and
from 80 to 200 millimeters in width and thus, because of their thickness,
are technically baulks rather than planks. The hull planking is edge-joined
and fastened by iron nails, though the details of the iron nails and the pat-
tern of fastening are unclear. The seams of the hull planking were caulked
with hemp and secured by a putty of tung oil and lime.

The hull planking extends beyond the aft transom, where part of the
rudder remains. A forward mast step remains on the forward side of bulk-
head no. 2, and a mainmast step remains on the forward side of bulkhead
no. 6. In the bottom of the hull, besides bricks and roofing and ridge tiles,
a few ballast stones were found. The date of the ship was determined from
ceramics, including a porcelain bottle with a small mouth dating to the
Yuan dynasty and a few celadon pieces from the Longquan kiln dating to
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the early Ming dynasty. The nature of the ship’s use has not been identi-
fied: it was either a local cargo ship used by private merchants or a battle-
ship employed by the government. In most respects, the ship is regarded
as similar to Penglai ship no. 1 (Xi et al. 2004: 199-200).

Shdr e

Penglai Ship No. 2 (&3 EH 5

The remaining part of the hull of Penglai ship no. 2 measures 22 meters
long and 5.2 meters wide. Although the stern is missing, the bottom of
the hull is relatively well preserved, and the remains include a keel, some
bulkheads, and eleven strakes on each side (figure 7.4). Details of the di-
mensions of the remaining planks are available in the archaeological re-
port along with other detailed information about the hull (Cultural Relics
and Archaeological Institute of Shandong Province et al. 2006: 25-34).

The cross section of the hull bottom shows some hollowing around the
bow, and this changes to a rounded shape through the midsection. The
keel, which shows slight hogging, comprises three members, with the for-
ward keel measuring 4.78 meters in length and the main and aft keel mea-
suring 16.22 meters. These are joined by hooked scarf joints with mortises
and tenons. In the joints, there seems to be a hole for the placement of a
mirror or coins, evidencing the practice of the shipwrights” beliefs. Iron
straps and iron nails are used to fasten the forward and main keels. A hog
piece is fitted on top of each joint, and large iron nails are driven from
them down through the keel. The sides of the main keel are rabbeted, and
thick planks (garboard planks) are fitted using mortise-and-tenon joints.

Although the ship originally had thirteen bulkheads, only six remain.
There are limber holes from bulkheads no. 3 to no. 7, yet bulkheads nos. 2
and 8 do not have limber holes, because of the mast steps located at their
forward faces. The lower and upper parts of each bulkhead plank are fash-
ioned for a tongue and groove joint, and they are joined with mortises and
tenons (loose tenons). Skewed iron nails are also driven into the seams of
the bulkhead planks. Frames are used to fix the bulkheads and hull plank-
ing together, fastened by iron nails. The use of iron brackets to fasten the
hull planking to the bulkheads is evidenced on bulkheads nos. 2, 3, and
7, although these brackets are mostly degraded and only corroded iron
remains in the bulkhead plank surface recesses into which brackets were
slotted.

The joint pattern of the hull planking shows the same method as in
Penglai ship no. 1, with the use of large edge-driven nails and bent skewed



bulkhead no.2 plank

ain kee

d Archaeological Institute of Shandong Province et al. 2006)

Figure 7.4. Penglai ship no. 2, plan of the hull. (From Cultural Relics an
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nails. The mast steps are fixed to the hull planking by iron nails. The for-
ward mast step measures 1.90 meters athwartships and has two square
recesses measuring 160 x 225 millimeters. The mainmast step is missing.
Penglai ships nos. 1 and 2 were evaluated as the same type of ships.

b b

Penglai Ship No. 3 (GE3¥H=5)

Despite the proximity of Penglai ship no. 3 to Penglai ship no. 2, the two
ships are distinguishable in their structure. The remaining portion of the
adjoining hull, identified as Penglai ship no. 3, measures 17.1 meters long
and 6.2 meters wide; the remains include bottom planks, bulkheads, and
hull planks, though the stern is missing (figure 7.5). Details of the dimen-
sions of the remaining planks are available in the archaeological report
along with other detailed information about the hull (Cultural Relics and
Archaeological Institute of Shandong Province et al. 2006: 35-44). The
structure of the hull bottom and planking shows remarkable similarity to
those of indigenous Korean shipwrecks discovered in Korean waters (see
chapter 2 and the final section of this chapter).

The hull has a flat bottom consisting of three strakes. The planks of the
strakes are joined together by transverse wooden bars or dowels. Thir-
teen bars are used in the extant portion of the ship’s bottom. Wooden
nails seem to have been driven from the center bottom planks to the side
planks in a few places. The structure of the bottom planks and their fas-
tening methods are similar to those observed in excavated ships of Korean
origin. However, the presence of an extra plank placed on top of the center
bottom plank (and its fastening using edge-driven iron nails) has not been
found on Goryeo period Korean ships.

Three strakes remain on the port side, and nine strakes remain on the
starboard side. The first strakes are fitted into rabbets on the upper edge
of the side bottom planks and appear to be fastened with mortises and
tenons (or dowels). The result is a form of clinker-built hull planking with
rabbeted seams. Skewed wooden nails are driven from the outer surface
of the upper planks into the lower planks through the rabbeted seams.
Butts of the hull planking are held together by lap joints. Also, iron nails
are used for fastening the hull planking.

Bulkheads, which are not used in the Korean shipbuilding tradition,
are the ship’s main structures for transverse strength. Five bulkheads (re-
garded as the second to sixth bulkheads) remain, but more than eight may
have originally been present. The bottom bulkhead planks have a recess
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in their bottom that fits to the extra plank on the center bottom, and they
also create limbers. Bent skewed iron nails are used to fasten bulkhead
planks as well as to fix the hull planking and bulkheads together. Frames
are attached to some of the bulkheads, and bent skewed iron nails are used
to fasten the hull planking to the frames.

Intensive use of iron nails is unusual in traditional Korean shipbuild-
ing. The use of different types of wooden bars, mortises and tenons, and
iron nails is emphasized in a comparative study on Penglai ships nos. 2
and 3 (Yuan 2006a: 500-501). The forward mast and mainmast steps, each
with two recesses, are identified at the second and fifth bulkheads. The
ship was discovered at almost the same elevation as Penglai ship no. 2,
suggesting contemporary use of the two ships.

s b

Penglai Ship No. 4 (3 HIUS)

A few ship timbers were discovered about 12 meters away from the no. 2
and no. 3 ships. Only five timbers remain, yet they clearly show features
identical to those of Penglai ship no. 3. According to an archaeological
report (Cultural Relics and Archaeological Institute of Shandong Prov-
ince et al. 2006: 44-46), three of four timbers found near each other are
bottom planks forming a flat bottom. What remains of the center bottom
plank measures 3.46 meters long, 200-440 millimeters wide, and 160-200
millimeters thick. It has two recesses that could receive tabernacle heels
directly, instead of their being placed in a mast step.

Two bottom planks are positioned next to the center bottom plank,
one on either side. The remaining part of each of these two planks mea-
sures 4.8 meters in length, 260-520 millimeters in width, and 100-220
millimeters in thickness. The upper edges of their outer parts appear to
be recessed to place strakes. The three bottom planks are fixed by two
wooden bars. One additional timber regarded as part of the hull plank-
ing was found nearby, and another large timber measuring 9.24 meters
long (found away from the four timbers) is also regarded as a hull plank.
Whether Penglai ship no. 4 had hybrid features like those of Penglai ship
no. 3, in terms of bulkhead structure and the use of both iron and wooden
fastenings, is unclear.

Characteristics of the Penglai Ships

Besides many structural features distinguishing the ship remains exhibit-
ing elements of Chinese traditions (Penglai ships nos. 1 and 2) from the



198 - Archaeology of East Asian Shipbuilding

ship remains exhibiting elements of Korean traditions (Penglai ships nos.
3 and 4), the assemblage of woods used for each tradition also shows dif-
ferences (see chapter 6). Penglai ships nos. 1 and 2 have more different
types of wood used in the hull structure. In contrast, there is less diversity
in the types of woods used for the main structure of Penglai ship no. 3;
most parts of the hull are pine.

Study of East China Sea Ship Structure

The discovery of diverse types of ships at Penglai that show structural fea-
tures originating from both the East China Sea and the Yellow Sea is indic-
ative of long-term interactions in shipbuilding between the regions within
East Asia by the Ming dynasty period. The hull having hybrid features is
particularly significant. The existence of diverse technologies could have
been a factor that facilitated the emergence of hull hybridization. A review
of excavated ships dating as late as the Ming dynasty in China can lead
to a clearer understanding of the diversity of coastal and seagoing ships.
The ships excavated in East Asia have already been reviewed inclusively
to identify structural characteristics (Green 1986; McGrail 2001; Van Til-
burg 2007). The following section weaves together comparative insights
about hull components used for subdividing the shipbuilding technolo-
gies within the sphere of the East China Sea tradition.

Hull Component Comparative Study

The condition of excavated ships, though variable, consists mainly of par-
tial hull bottoms accompanied by other parts that have survived, such
as bow, stern, and sides. All the identified bottom remains found in East
Asia so far measure less than thirty meters in length, including the best-
preserved hull remains of the Ming dynasty ships discussed above. The
surviving parts of ship remains in the region, however, are sufficient for
comparing their similar and idiosyncratic features.

The ships can be categorized based on the shape of the hull bottom
with a focus on the cross section. The central cross section of historical
East Asian ships is classified into one of the following generic categories:

Flat bottom (e.g., Tang dynasty riverine ships)
Floor with chine (e.g., Goryeo dynasty Korean shipwrecks)
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Round bottom (e.g., Ningbo ship, Penglai ships nos. 1 and 2, Xiang-
shan ship)

V-bottom hollow deadrise (e.g., Quanzhou ship)

V-bottom sharp deadrise (e.g., Shinan shipwreck)

The differences in cross section are associated with structural distinctive-
ness, which is more clearly understood in the appearance of the seagoing
ships that do not have a flat-bottomed structure. The following discussion
highlights the hull features of such seagoing ships built in China to pre-
sent an interpretive summary based on what has been observed through
archaeological examination of hull components.

Keel

The development of the keel structure in the East Asian shipbuilding tra-
ditions is an important factor. The period when the keel was introduced
into Chinese shipbuilding technology has not been determined, nor has
the process of its incorporation into the ship structure. While we can as-
sume that the technology for constructing ships with keels took time to
be integrated into Chinese ship construction methods, the use of keels
appears to have been adopted in central and southern China within a
short time, perhaps before the tenth century. However, we cannot confirm
this until the archaeological discovery in China of a seagoing ship of East
Asian origin dating back to before the tenth century.

A keel is present in excavated ships dating to the Song and Yuan dynas-
ties and engaged in maritime trading along the coast of central and south-
ern China and across the East China Sea. Garboard planks were almost
vertically joined to the keel, so that the extended hull planking forms a
V-bottom hollow deadrise and a V-bottom sharp deadrise. Compared to
the V-shaped bottom of the Quanzhou ship and the Shinan shipwreck,
the deadrise angle of the Song dynasty’s Ningbo ship is less steep. Its cross
section forms a configuration similar to that of the Yuan to Ming dy-
nasty Penglai ships nos. 1 and 2. Discussion regarding the similarity shows
the paucity of evidence, as these ships are dated to later periods than the
Ningbo ship, and they are from provinces farther north. Because of the
destruction of the hull of the Ningbo ship, details such as its structural
features and exact date can no longer be assessed.

The use of three members for the keel has been commonly identified
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on these ship remains (with a possible exception in the structure of the
Ningbo ship). The length of the main keel in the five excavated ships
ranges from 7 to 17 meters: the Quanzhou ship, 12.40 meters; the Shinan
shipwreck, 11.27 meters; the Ningbo ship, 7.34 meters; Penglai ship no.
1, 17.06 meters; and Penglai ship no. 2, 16.22 meters. In previous stud-
ies, most of these ships have been estimated at slightly over 30 meters in
length; for example, reconstructed hull lengths are 33.5 meters for the Shi-
nan shipwreck and 31.1 meters for Penglai ship no. 2. When only the main
keels are compared, however, the Penglai ships show a greater length, and
the length-to-beam ratio of these two ships is also greater. These ships are
said to have been used as patrol boats or battleships, and the sharp design
of the hull appears to substantiate that use. However, whether the hull
of the traders in the later periods had a wide beam as great as that of the
Song dynasty traders may be worth examining in future study.

Bulkheads

Chinese ships became prominent in seafaring only after the ninth and
tenth century. Excavated Tang dynasty ships illustrate the early use of
bulkheads on riverine craft, and bulkheads continued to be used struc-
turally as main transverse components when adopted in the construction
of seagoing ships. The intended use of bulkheads to enhance transverse
strength in the hulls of Song dynasty ships is, however, slightly different
from the initial design of bulkheads to produce compartments in the hulls
of Tang dynasty ships.

The bulkhead planks could have been sufficiently sturdy against cross-
wise distortion of the hull. The excavated ships show bulkheads that
were probably strong enough to support the longitudinal and trans-
verse strength of the hull, being fixed firmly to the hull through the use
of brackets (iron brackets in the Quanzhou ship and wooden brackets
in the Shinan shipwreck) and frames. The joint of the bulkhead planks
appears to have been capable of resisting the pressure of seawater in a
flooded hold. While this part of the purpose of the bulkhead structure
is open to discussion, another feature to note is that the bulkheads of the
Shinan shipwreck used vegetable fiber for caulking the plank seams. This
watertightness would have secured the hold locally and protected cargo
from getting wet. Leaking water was probably an unpreventable problem.
The watertight bulkheads of the excavated ships were not fully watertight



East China Sea Rising - 201

compartments; rather, their relative watertightness would have prevented
the hold and cargo from becoming waterlogged.

Limber holes were needed in the bulkheads of the Song dynasty sea-
going ships, while this feature seems to be absent in the excavated Tang
dynasty rivercraft. The innovation of the bilge system is evident in the
remains of Song dynasty ships: without limber holes in bulkheads, each
bulkheaded segment would have needed a pump in it; if the limber holes
were normally secured, then only one pump or man would have been
needed to work at the lowest point in the hull. So far, there is no clear
archaeological evidence of a system for pumping out water that collected
in the bilge. In Osamu Oba’s study of the records of Chinese traders that
drifted onto the Japanese coast during the nineteenth century, there is a
brief explanation about the management of these ships (Oba 2001). Ac-
cording to Oba, the original text of the record mentions a negotiation be-
tween Chinese merchants and sailors and Japanese authorities for repair-
ing a hull, including a request to Japanese authorities to borrow a pump.

Analysis of the bulkheads in the Quanzhou and Shinan ships indi-
cates that the bulkhead of Song dynasty ships should be interpreted as a
component functioning to increase the transverse strength of the ship’s
structure, rather than to produce partitioned space or watertight com-
partments. For the bulkheads to have functioned effectively as transverse
components against lateral pressures, half frames and brackets were used.
The half frames did not function solely to increase transverse strength,
and, similarly, the brackets were also used to secure the assemblage of
bulkheads and hull planking. The complementary role of the brackets that
secured the bulkhead planks suggests that they were most likely fixed into
bulkheads that had already been assembled.

Sean McGrail (2001) has analyzed the arrangement of the brackets’
installation to address the building sequence used for thirteenth- and
fourteenth-century Chinese seagoing ships. In assessing the brackets used
on Penglai ship no. 1, McGrail (2001: 372) noted that they are embed-
ded within the thickness of the planking. Positioning the brackets this
way suggests that the bulkheads had been positioned before the plank-
ing was fashioned, fitted, and fastened (McGrail 2001: 375). Penglai ship
no. 2 shows a similar treatment of brackets: they are slotted between the
strakes. The bent end is embedded, and the brackets are used in the same
way between the keel and bulkheads (Cultural Relics and Archaeological
Institute of Shandong Province et al. 2006).
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Bracket installation in the Quanzhou ship and the Shinan shipwreck,
however, is different from that of the Penglai ships; the brackets of the
Quanzhou ship and the Shinan shipwreck pierce through the planking
from the outside. The square holes or slits could be opened either before
or after the fastening of the planking and bulkheads; that is, the system
does not provide evidence of whether these ships were built by a bulk-
head-first or a plank-first construction method (however, see chapter 4
for probable plank-first construction in the Quanzhou ship).

The distribution of bulkheads can prevent distortion of the hull cross
section. In particular, racking (rolling) of the hull may cause deforma-
tion of the transverse section. A gale and waves cause tilting of the ship
and generate substantial external force on one side of the hull. The force
would affect the entire section, resulting in distortion of the hull. Appro-
priate distribution of transverse components, and tight fastening of these,
can help reduce the effects of such forces. Bulkhead spacing is therefore
significant in relation to producing sufficient transverse strength for the
entire hull.

Analysis of the remains of the excavated ships, however, does not clarify
how seriously the issue was addressed in their construction. The number
of bulkheads in the hull differs substantially between the Quanzhou ship
and the Shinan shipwreck: the former has twelve bulkheads; the latter has
seven. The difference does not correlate with the proportions of the keel
defining their distribution, because the total length of the main keel and
the aft keel, where most bulkheads sit, differs by only about two meters
between the two ships. As a result, keel proportion should not be regarded
as an element affecting the difference in bulkhead spacing. It may be valid
to say that the wide bulkhead spacing of the Shinan shipwreck is a distinc-
tive feature. For example, the pattern of bulkhead spacing in Huaguang
Reef shipwreck no. 1 appears to be as narrow as that of the Quanzhou ship.
There are eleven bulkheads in the remaining part of the hull of the Hua-
guang ship, which measures approximately seventeen meters in length.
The comparatively fewer bulkheads of the Shinan shipwreck may indicate
that that hull had weaker transverse strength. The longitudinal and trans-
verse structures are correlative in determining overall hull sturdiness.

This is important, because longitudinal and transverse components
are interdependent structures and contribute synergistically to hull
strength. Bulkheads appear to have contributed indirectly to longitudinal
hull strength, for example, by supporting longitudinal baulks. Bulkhead
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planks from the Takashima underwater site have two square recesses that
could receive baulks. A similar structure is seen in the bulkheads of the
Ming dynasty Xiangshan ship, in which support baulks run longitudinally
through the inside of the hull from the second to the twelfth bulkhead.
Either the bottom or the second planks of each bulkhead have two square
recesses horizontally at the same elevation to receive the baulks. Chinese
researchers have concluded that the role of the baulks was to support
lower decks in the hull (Xi et al. 2004). Because of the loss of the original
deck structure, however, we cannot ascertain whether baulks related to
decks, but the baulks could have contributed to longitudinal hull strength.

Planking

Improvement of planking techniques could have been an important in-
novation in Chinese shipbuilding, considering the strains that are placed
on the hull of seagoing ships. The strain that causes longitudinal bending
becomes more problematic in constructing larger wooden ships for long-
distance voyages (Biles 1908). Under those circumstances, longitudinal
strength of the hull becomes more important in constructing these ships.
Assessment of longitudinal strength must take into consideration two
stresses: bending moment and shearing forces. Longitudinal bending oc-
curs when the ship is in the trough between two waves or on the crest of a
wave, and the stress substantially impacts the keel. Distortion of the hull
by shearing forces is another problem related to the longitudinal strength
of the hull. To resist shearing forces, not only the keel but also the strength
of the planking are important for longitudinal support.

Rabbeted seams feature in the planking of the Quanzhou ship and the
Shinan shipwreck. They form carvel seams or clinker seams. The rabbeted
clinker seams make the hull planking appear clinker-like. A combination
of rabbeted carvel seams and rabbeted clinker seams is observed on the
hull planking of the Quanzhou ship, while the planking of the Shinan
shipwreck does not exhibit this combination. In the combination, the
outer planks are adjusted to overlay both the carvel seams and the clinker
seams of the inner planks, and this holds the assemblage of the inner and
outer planks together as a single unit. The tightly assembled inner and
outer planks form a plank shell, which provides longitudinal strength to
the hull. The hull planking of the Quanzhou ship could have been more

efficient against bending distortions that would have placed stress on each
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strake. The planking of the ships consists of multiple layers, in which the
outer planks are thinner than the inner planks. The outer planks are per-
ceived as sheathing planks to protect the inner planks from marine bor-
ers. The double planking of the Shinan shipwreck mainly functioned for
this purpose.

These features are not similarly identified on the planking of the
round-bottomed ships (for example, the Ningbo ship, the Xiangshan ship,
and Penglai ships nos. 1 and 2). These round-bottomed ships do not use
sheathing planks. The single-layer planking is composed of baulks and
thick planks. The first strakes (like garboards) are fixed into the sides of
the keel, not placed on top of the keel. The cross-section profile of Penglai
ship no. 2 shows the fastening pattern of its planking. Besides skew nails
that fasten the seams of the planking, spikes are driven from the seam
of the upper plank through to the lower plank. Using such penetrating
spikes would have been difficult in the hull planking of the V-bottomed
ships using thinner planks. The discovery of the Song dynasty V-bot-
tomed ships revealed the existence of the technique of using sheathing
planks by extending multiple planking layers, which had previously been
evident only in historical texts. This technique, however, may not have
been a widespread innovation in the Chinese shipbuilding tradition. The
planking observed on the round-bottomed ships, another common type
of seagoing ship in the East China Sea, likewise does not occur in multiple
planking layers. The multiple planking layers of the V-bottomed ships is
understood as a technique developed endemically during the Song and
Yuan dynasties and has been attributed to ships from the southern areas
(perhaps south of Ningbo) that conducted voyages in the East China Sea
and probably sailed to the South China Sea.

Additional Components

Thus, shipbuilding industries along the coasts of China bordering the East
China Sea advanced the technology of constructing seagoing ships during
the twelfth and thirteenth centuries. During these periods, maritime con-
nections between the Chinese coasts were well established and involved
different kinds of ships. Apart from the hull structure, consistency in us-
ing iron fastenings and standardization in the types of wood used for tim-
bers characterize the East China Sea shipbuilding tradition in East Asia.
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Other construction techniques and technologies will need to be eluci-
dated to address the prominent presence of this tradition. For example,
an adhesive substance known as chunam was used as putty to assemble
the planks tightly together, as well as for caulking the plank seams and
luting the surface of the outer planks. Development of the use of putty
as a sheathing method has not been thematically studied, as its use has
chiefly been discussed in the context of sealing iron nails and caulking
plank seams—investigating its long-term use is beyond the scope of this
chapter. To say that the use of putty was an essential technique developed
on the Chinese coasts is, however, valid. While putty was consistently
used even in the later East China Sea shipbuilding tradition, we need to
examine whether its usage differed in various time periods coincident
with historical transitions in shipbuilding technologies.

Ryukyu’s Involvement in the Maritime Network

The historical importance of shipping in the Japanese archipelago stretch-
ing from the tip of southern Kyushu to Taiwan warrants mention. The
island arc, known in Japan as the Nansei Islands but elsewhere called the
Ryukyu (Okinawa) Islands, forms the southeastern perimeter of the East
China Sea region under discussion in this book. Ryukyu’s active maritime
trading with China has been addressed in relation to a possible wreck
site where ceramic sherds were found in the waters (Pearson 1969). More
than fifty islands compose the Ryukyu chain, and the dates of the trade
ceramics discovered there range from the tenth to the seventeenth cen-
tury (Kamei 1993). The trading system of the Ryukyu Islands was formerly
considered to have developed via Hakata in northern Kyushu, which was
a major center of maritime trade with China and Korea. However, recent
studies have indicated that early commodity exchange between China and
the Ryukyu Islands probably has a bearing on the later period of sea-
borne trade, which allowed some chiefdoms on the islands to establish
a direct trading relationship with coastal areas of China, such as Fujian,
as early as the thirteenth century (Pearson 2009; Kinoshita 2014). Fujian
celadon sherds dating back to the late twelfth or early thirteenth century,
probably part of the cargo of a merchant ship, have been identified at the
Kurakizaki underwater site at Uken on Amami Oshima Island (Uken-
son Board of Education 1999). Recent studies of Ryukyu have assessed
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the route of the merchant ship, which could have voyaged directly from
Fujian via the Ryukyu Islands, not northern Kyushu.

The rise of the Ryukyu kingdom (AD 1429-1879), based on the main-
land of modern Okinawa, represents one of the many shifts in the mari-
time system in the East Asian realm. Trading with China officially re-
quired presentation of tribute to the Chinese court as a preliminary step.
Ryukyu’s diplomatic relationship with the Ming dynasty began in 1372
and involved more than 170 missions to the Chinese courts. The islands
maintained independence by acting as intermediaries between the Ming
and Japan, and they played a significant role in entrepot trade (Wade
2007; Okamoto 2008b).

In examining the background of ships engaged in tribute trade, Hi-
romichi Okamoto has pointed out that they can be classified into three
phases based on their origins and eras (Okamoto 2008a): ships commis-
sioned by the Ming between the late fourteenth century and the early fif-
teenth century; ships built in Fukien on Ryukyu orders between the mid-
fifteenth and early sixteenth century; and ships constructed in Ryukyu
from the late sixteenth century onward. Differences in dimensions among
the ships of the three periods are indicated by fragmentary information in
historical texts on their cargo capacity; the seagoing ships built in Ryukyu
could be larger than those of previous periods (Okamoto 2008a: 224-26).

Several iconographic sources and historical texts are available regard-
ing nineteenth-century tribute ships that sailed from Okinawa to China
(Okamoto 2008a; Tomiyama 2012). The iconographic resources provide
realistic depictions of the Ryukyu tribute ships (figure 7.6), and the sea-
worthiness of the later Ryukyu tribute ships has been studied from the
viewpoint of naval architecture (Yagi et al. 2008).

Japanese researchers have undertaken an archaeological search for
tribute ships or sunken traders in Ryukyu waters. Scattered artifacts and
items related to seaborne trade have been identified during a series of
underwater investigations off the coast of the Ryukyu archipelago since
2004, led by the Archaeological Center of Okinawa (Katagiri 2007, 2009).
Underwater explorations in 2010-13 located seven iron anchors and sev-
eral intact local ceramics, the so-called Tsuboyaki (Ono et al. 2013). De-
termining the exact time of use of these ceramics is generally difficult, be-
cause they represent a local ceramic tradition that has prevailed through
a long time period without modification in style.
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Iron anchors were found, but a typological approach to iron anchors
has not yet been developed in detail in Japan. The anchors have four arms
and range in size from 1.2 meters to 2.0 meters, and their association with
the local ceramics suggests that they were from either Japanese traders
or Ryukyu ships (Ono et al. 2013). The possibility that they might have
originated from Chinese ships should be pursued as well, because envoy
ships from China that visited Okinawa were clearly equipped with iron
anchors, according to an iconographic source (Needham 1971).

Ship remains from Japan’s Ryukyu Islands and from Chinese coastal
waters can help cast light on shifts in the regional network of shipbuilding
and maritime trade. Increased building of seagoing ships around the East
China Sea during the Song dynasty was part of an effort to boost trade,
and loss of northern territory moved the effort southward. The Mongolian
rulers of the Yuan dynasty then brought dramatic changes, suspending
the tribute system and provoking a surge in private trade—but piracy also
surged as Yuan power declined. The subsequent Ming dynasty had to as-
sert its naval power to expand its jurisdiction and restore imperial hege-
mony at sea. At the same time, a new type of maritime networks emerged,
as represented by the rise of the Ryukyu kingdom.



East Asia’s Link to the South China Sea
and Gulf Traders

The South China Sea, which encompasses southern China, is rimmed
by a series of Southeast Asian nations (map 8.1). Sea routes stretching
from China via the South China Sea to the Indian Ocean have a long his-
tory that has undergone much scholarly review (Yule 1882). The historical
sea corridors connecting East and West have been termed the Maritime
Ceramic Route, similar to the Silk Road on land (Mikami 1969). Histori-
cal ports and trading points for ships laden with ceramics have been ex-
plored, and intra- and transregional trading have been reviewed more
recently with shipwreck data (Heng 2009; Miksic and Yian 2013).

The structures of several shipwrecks found in the South China Sea and
some gulfs in Southeast Asia are remarkably similar to the structure of
seagoing ships excavated in the East China Sea. This fact is tightly linked
to my theme of technological hybridization, the processes of which I
consider can be understood more precisely by linking the formation of
shipbuilding traditions in these regions with a chronological perspective.
Highlighting the issue leads to a hypothesis about the possible influence
of construction methods that originated in East Asia on shipbuilding in
the South China Sea. Early seafaring and endemic ships in the East China
Sea and South China Sea can be described based on the historical records
of Chinese envoys and pilgrims (see the following section). Notably, these
records illustrate the early presence in the South China Sea of Southeast
Asian indigenous ships and ships from the Indian Ocean, well ahead of
the appearance of Chinese ships.

While the historical sources lack detailed information on the physical
features of ships and the techniques used for their construction, the recent
increase in archaeological excavation of ship remains in the South China
Sea provides important clues to understanding details of early shipbuild-
ing technologies. Focusing on findings representative of Southeast Asia is
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Map 8.1. Map of the South China Sea region showing the location of assorted ship re-
mains and wreck sites. See appendixes 2 and 3. (Produced by author, after CraftMAP)

@ indigenous ships with lashed-lug technique (third—fourteenth centuries)
B Indian Ocean seagoing ship (ninth century?)
OO0 East China Sea traders

X Gulf/South China Sea traders from Thailand, the Philippines, and Indonesia
(fourteenth century and later).
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important for understanding the developing intersection of shipbuilding
traditions in southern China and foreign technologies, including the early
Southeast Asian and Indian Ocean shipbuilding traditions.

East China Sea shipbuilding traditions (addressed in previous chap-
ters), came to be influential in the South China Sea region after the tenth
century. Although how ships from the East China Sea and ships endemic
to Southeast Asia coexisted is poorly understood, shipbuilding innova-
tions that originated in East Asia became an integral part of shipbuilding
in the Southeast Asian regions of the South China Sea. The aspect I wish
to emphasize is that in parallel with the cultural and social independence
of the South China Sea region, the shipbuilding tradition on the southern
coast of China facing the South China Sea was in a different sphere from
the traditions operating along the other parts of the Chinese coast. The
powerful independence of the south was supported by maritime trade
linked to Southeast Asia and even the Indian Ocean, rather than to north-
ern China. This maritime trade in the South China Sea, known as the
Nanhai trade, helped local officials accumulate considerable wealth—but
their market could exist only through the demand of the central rulers.
Through most of the first millennium, local societies had not matured
sufficiently to demand valuable consumer materials. Under these circum-
stances, Chinese merchants would probably not have seen much to gain
by being involved in maritime trade on their own, possessing their own
trading ships and organizing their own sailors. Rather, their role involved
transporting goods from the south to the north in local coastal trading.
The idiosyncrasy of the south in its other maritime activities persisted
throughout much of the first millennium; the far south was not signif-
icantly sinicized (brought under the influence of Han Chinese rulers).
However, socioeconomic expansion and changes of polities on the Chi-
nese mainland during the Song and Yuan periods facilitated unity along
the coasts of the East China Sea and South China Sea. Consequently, the
emergence of a distinctive new shipbuilding tradition could virtually co-
incide on the mainland coast and in insular Southeast Asia. The exact
timing of the period of innovation is disputable but likely dates back to as
early as the fourteenth century.

Archaeologically, several shipwrecks dating to the fifteenth century il-
lustrate and confirm the technological innovation represented by a hy-
bridized hull. The Gulf of Thailand was the location for the main suppliers
of these ships, partially because of the long-term Siamese relationship
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with the Chinese mainland (Viraphol 1977). Known as gulf traders, in
later periods they became prominent even in transregional maritime
trade reaching East Asia.

Early Seafarers in the South China Sea

The South China Sea has historically been a zone of intermingling, where
different groups of people have been involved in complex maritime ac-
tivities and shipping. The people contributing to the development of ship
structure and construction are not limited to the carpenters who worked
in shipbuilding industries. We also need to consider those who demanded
oceangoing ships as a form of transportation for commodities and people.
Historical texts may not provide evidence about these people, who appear
only in fragmentary information associated with records of journeys, im-
migrant processes, military activities, and trading.

For the first half of the first millennium, we have scarcely any descrip-
tions of movements and settlements relying on ship transportation. It has
been noted that around AD 132 the coastal area stretching from southern
China to northern Vietnam was an important zone of early contact be-
tween northern Chinese rulers and early Southeast Asian rulers (Chang
1934). The claim has been made, on the basis of limited evidence, that
“Chinese ships were reported at Penang on the west coast of the Malay
Peninsula by 350 A.D. and at Ceylon by the end of the 4th century” (Guy
1980: 11). Settlement of sinicized Chinese around the South China Sea be-
fore the tenth century is barely evident in the historical texts (Wang 1958:
93). The only reliable source that mentions Chinese merchant settlement
before the Song dynasty is a travel record of the Tang dynasty Buddhist
monk Iching (5575 [Wang 1958: 93]). His account is in the Da Tang Xiyu
Qiu Fa Gao Seng Zhuan (or Ta Thang Chiu Fa Kao Seng Chuan, Account
of Buddhism sent from the South Seas and Buddhist monks’ pilgrimage
of the Tang dynasty, A Fgial oK A= ).

Apart from the monks’ pilgrimage records, there are few other his-
torical texts, and those are formal records of seaborne trade as part of the
tribute system of Chinese dynasties. Before the ninth century, the tribute
trading system served in diplomacy between central China and neighbor-
ing countries and facilitated cultural exchange with states in the South
China Sea. Safe water transportation between China and these states must
have been an important part of the tribute and cultural exchange system.
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A query arises about who were the voyagers employed for state traders
that sailed between the two regions. The activities of Chinese merchants
in the maritime trades in the South China Sea are said to be traced up to
the mid-tenth century in historical texts (Enomoto 2008). But who was
engaged in the Nanhai trade before that time? Gungwu Wang, for exam-
ple, has insisted that several groups of people were involved in maritime
activities from the first century BC to the founding of the Song dynasty in
the tenth century (Wang 1958: 113). The stages of activity can be divided
into the following phases:

1. The first five centuries up to the end of the Jin dynasty (AD 265-
420), when Indian merchants and the Yueh people were the pre-
dominant providers of southern goods to northern rulers.

2. The two centuries of the Southern Dynasties (AD 439-589), when
there was a need for “holy things” such as jewels, perfumes, and
religious items, which were carried by Bosi (Po-sse) and Kunlun
traders and sailors from the Southeast Asian coasts and archipela-
gos through contact with Java-Sumatra and Ceylon.

3. The period from the Tang dynasty to the rise of the Song dynasty,
when massive quantities of medicines and spices were demanded.
The commercial power of Srivijaya (as it was known in the sev-
enth to thirteenth centuries [now called Sumatra]) and the em-
barkation of Persian and Arab merchants and sailors occurred in
the early stage of this period. This finally stimulated the advance
of people from the mainland of China into maritime activities in
the South China Sea.

Maritime Power in Southern China

Indigenous seafarers in southern China successfully conducted long-
distance voyages into the deep waters of the South China Sea. However,
because of a lack of sources, the details about the involvement of these
seafaring groups are highly speculative. Rulers in the northern part of
China are known to have recognized the existence of such groups early
on and to have seen the potential in establishing supremacy in the south.
Successive central Chinese rulers tried to intervene in the southern part of
the continent not only for territorial expansion but also for direct access
to the South China Sea.
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This was initially achieved by Zhao Zheng, the ruler of Qin; during his
reign (246-210 BC), he founded three commanderies in southern China
in what are now the provinces of Guangdong and Guangxi (Kuwata 1954).
However, Zhao Tuo, the military commander of the Nanhai Command-
ery, began to fight for independence and successfully established a sepa-
rate kingdom after defeating the kingdom of Nanyue (Nanyueh, Vietnam)
in 204 BC. Occupying most of southern China as well as northern Viet-
nam, the new kingdom became extremely prominent (Kuwata 1954: 5-6),
partly because of the economic interests nurtured by maritime trading
linked to the South China Sea. The capital of the kingdom was located in
what is now Guangzhou in Guangdong, where an ancient shipyard has
been discovered near the tomb of the second king of Nanyue.

Excavation in the 1970s revealed wooden structures, regarded as the
remnants of slips, with a length of twenty-nine meters. Radiocarbon
dating conducted on the wooden remains in 1976 dated the first slip
discovered to 2190+90 BP (240+90 BC), and analysis of the strata and
sedimentation identified the period of active use of the shipyard as from
the Qin occupation to the reign of Nanyue (203-111 BC [Guangzhou Shi
Wenhuaju 1999]). No ship remains were found at the site. The archaeo-
logical report includes a discussion of possible ships built in the shipyard,
based on wooden shipbuilding traditions in modern Guangzhou. There
has been almost no consideration, however, of the possibility that the tra-
ditions of seafarers and ship carpenters in the area during the Nanyue
period might show similarity to those of Southeast Asia (Austronesia) in
terms of skills and technology.

The reign of Nanyue’s rulers should not be underestimated, but the im-
perial courts and rulers based in northern China intervened in an internal
Nanyue feud. In a record of the expedition of Emperor Wu of the Western
Han dynasty to the south is a depiction of a ship called lou-chuan (castle
ship, BEffT), which was used in battle against Nanyue (Kuwata 1954: 5-6;
Needham 1971: 424-26; Xi et al. 2004: 51-53). Southern interventions by
two Han dynasties allowed them access farther west. According to Wang
(1958: 21), “It may be claimed that there was trade between Han China and
the countries of the Nanhai in the years following the fall of Nanyueh at
the beginning of the first century B.C. and that this trade had been gradu-
ally extended to include the areas to the west India [sic]” The southern
port cities were the frontier of the Chinese empires, but they were also the
gateway to the South China Sea. The Han dynasty could send imperial



East Asia’s Link to the South China Sea and Gulf Traders - 215

envoys to the southern seas with assistance from skilled Nanyue sailors
(Guy 1980: 11), and later the dynasty flourished with the arrival of foreign
ships.

Historical Text Fragments on Early Voyagers and Their Ships

Groups such as the Funan and Kunlun were recognized as authentic sea-
farers who lived on the coasts of mainland Southeast Asia and voyaged
into the waters of the South China Sea. The South China Sea was a cor-
ridor between East Asia and the Indian Ocean world, and those seafarers
played significant roles in transit between the two regions (Yamamoto
1980; Hall 1985). During the third and fourth centuries, the early inter-
national trade route from China to the Malay Peninsula ran along the
Gulf of Thailand (Siam) and the Funan coast. An ancient Khmer king-
dom called Funan (AD 68-550) occupied the area around the Mekong
delta and rose to prominence in the maritime trade between China and
India; the significance of Oc Eo as an ancient Funan transregional port
is mentioned in several sources (Bellwood 1985; Higham 1989; Glover
and Bellwood 2004; Manguin et al. 2011). Wu (AD 229-80) dispatched
to Funan two of his commanders, Zhu Ying and Kang Tai (K&, FEZ;
Watanabe 1985), according to the historical Chinese documents Funan
Yiwu Zhi (Record of rarities of Funan, g #47:&) and Wu Shi Waiguo
Zhuan (Foreign countries in the period of the kingdom of Wu, =H§ 7N
{&). The record of their third-century journey indicates that they traveled
through many countries in Southeast Asia; the original texts are now lost,
but fragments are present in texts written in later periods (Watanabe 1985:
7). Kang Tai’s report, Wu Shi Waiguo Zhuan, mentions the configuration
of Funan ships:

In Funan, timbers were cut down to construct ships, measuring
twelve hsin [about twenty-three meters] long and six shaku [about
three meters] broad, with iron sheets, and their bows and sterns
were shaped like fishes. The large ones carried a hundred men, each
man carrying a long or short oar, or a boat-pole, from bow to stern,
fifty men sitting on a side, or forty-two men, depending on the size
of the ships, using the long oars when standing, using the short oars
when sitting down, in sailing on the shallow waters using the long
boat-pole. (Thaiphing Yulan, vol. 769: Li Fang [author’s translation])
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This description partly illuminates the configuration of the long boat
commonly used in Southeast Asian waters. Although it does not men-
tion sails, there is an indication of the use of seasonal winds in Kang Tai’s
record. Another third-century historical passage, Nan Chou Iwu Chi (Re-
cord of rarities of southern regions, 5 JI| #47J;&), indicates that “foreign-
ers, meaning people outside the Chinese cultural sphere, used a sail on
their ships. These ships, called po, measured sixty meters long and about
six meters in breadth (although the dimensions appearing in the text
could be exaggerated) and carried six hundred to seven hundred men.
The text emphasizes that the sails on the foreign ships allowed them to
sail under strong gales and violent waves with sails made of woven fronds.
Multiple sails rigged from bow to stern were maneuverable to respond to
wind direction.

The rise of Funan likely influenced the development of its local ship-
building technology (Hall 1985). But although for a time Funan occupied
an important position in the maritime network of the South China Sea, in
the fourth century the political situation in Funan became unstable (Hall
1985: 68-77). The links between Han China and Funan and from Funan
farther to the west were still important, but other sea routes between the
two regions probably developed. The disorder in Funan resulted in a shift-
ing of the sailing routes farther south, where around the fifth century
other countries of the South China Sea, such as Java-Sumatra, gained
power as entrepdts between China and India (Wang 1958). As this oc-
curred, “the transhipment across the Malay Peninsula was abandoned in
preference for sea travel through the Straits of Malacca to the western
edge of the Java Sea and then north to China” (Guy 1980: 12).

The development of knowledge regarding the monsoons and sea cur-
rents of the South China Sea in early seafaring remained precarious,
however, and there was still substantial risk on long-distance voyages. A
pilgrimage in 411 by Fa Hsien (or Faxian) (;A#H) to India and Ceylon is
recorded in the historical text Fu Kuo Chi (Record of the Buddhist king-
doms, #B[EEC) or Fa Hsien Zhuan (Biography of Fa Hsien, £ 8H{# [Wang
1958: 42-43]). On his return journey from Ceylon to China in AD 413-14,
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he appears to have taken passage on a Southeast Asian merchant vessel
(Hall 1985). The voyage wound up in distress, but the ship finally reached
a location identified as “Yeh-po-t'i”—possibly Java (S Z£52) or the west
coast of Borneo, according to Kenneth Hall (1985: 40).

After receiving the Sanskrit verses (in Ceylon), I got on board a large
ship carrying about two hundred people. . . . [After] being caught
in a gale throughout thirteen days and nights, we managed to get
to the shore of an island. At low tide, we repaired the leaking hull
and sailed back to the waters. There were many pirates around this
area. None of us would have survived if we had encountered them.
The ocean was so vast that by determining the direction of east
and west only from the position of sun and stars, we could barely
sail. . . . Thus, after ninety days we finally reached a country. It was
called Yeh-po-t'i. (Fa Hsien Zhuan [author’s translation])
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The historical text shows, without mentioning specific navigational tools,
that the sailors on Fa Hsien’s voyage had no landmarks to follow but in-
stead steered by the position of the stars and sun. The ship used to cross
the Indian Ocean appears to have been a large Indian ship (Wang 1958:
43). Although the details of this ship are not specified, the role of such
ships in long-distance voyages taking a direct route from the Indian
Ocean to the South China Sea is implied by the context. After a journey of
ninety days to get to Yeh-po-ti, Fa Hsien had to spend five months there.
When departing Yeh-po-t'i, he was transferred to another ship to reach
Guangzhou. This ship likewise was said to be capable of carrying more
than two hundred people. A group of Brahmans seem to have embarked
together with him, but no details are provided that would clarify whether
the second ship on which Fa Hsien took passage was Indian. This ship also
lost its way, and the journey took seventy days, twenty days longer than
the fifty days that were normally required for crossing northward to the
South China Sea. Navigation techniques of the time consisted of primi-
tive methods, not yet quantitative and mathematical as in later periods
(Needham 1971: 562-63). Fa Hsien seems not to have seen other Chinese
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people during his stay in Ceylon. Apart from the travels of some officially
sanctioned Chinese monks, as exemplified in Fa Hsien’s journey, around
the fifth century it was still unlikely for the Chinese to be actively involved
in voyaging farther west of the Malay Peninsula and Indian Ocean.

Another Chinese Buddhist monk, Shiyun Wujie (F#E24£15), whose
name appeared in the Gao Seng Zhuang (Biographies of eminent monks,
Sifié{H), traveled to India by land in AD 420 and retraced Fa Hsien’s
return route. On the way back to China, he may have embarked on one
of the ships that departed from southern India via the South China Sea
and reached Guangzhou (Watanabe 1985: 9). Awareness of seasonal mon-
soons and tidal currents is apparent in the voyages of these two Chinese
monbks; seafarers also could rely on the use of sails, which had developed
by that time. However, from the two monks’ descriptions of their voyages,
it is difficult to glean information about the development of navigation
techniques and hull structure.

An annotated text regarding a Buddhist scripture, known as Huilin
Yinyi (Literary, phonetic, and semantic dictionary of Huilin, Z{ &%),
written between 783 and 807, offers a glancing description of the hull of
a Southeast Asian vessel called a kunlun ship. The ship in the text appears
to have been a locally built ship, not having originated in India. The name
kunlun was used in Tang and Song dynasty records for ships collectively
calling around mainland Southeast Asia from farther west. Kunlun is a
general term applied to ships from the Malay Peninsula or, more broadly,
the Indochinese peninsula. Water transportation routes developed over
centuries along the coasts of the peninsula and connecting into the delta
systems (Stargardt 1984). Beyond the assumption that the ships must ini-
tially have been built and used by the Kunlun people, we have no clear
definition of these ships, which could have included various types and
sizes of vessels operating along the coasts of the peninsula. The descrip-
tion in the above-mentioned text provides an impression of a ship of sub-
stantial size, but the more notable information is about the fastening of
the hull planking, which had probably been constructed using some sort
of wooden fastenings. Vegetable fiber appears to have been used to caulk
the seams of the planks. The text does not clearly address whether vegeta-
ble fiber was also extensively used for other parts of the hull planking. The
kunlun ship’s planking struck the person who recorded it as unusual and
as showing unique techniques. This suggests that the use of iron nails in
shipbuilding was more typical in China wherever the person came from,
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likely farther north. In contrast, in some southern regions of China, such
as the area of Guangzhou, during the early Song dynasty, hulls were still
being constructed by sewn or lashed techniques using rattan.

Large ships in the sea were called bo, and according to Guang Ya, all
these ships were for seagoing purposes. The size of the ship was as
large as fourteen meters, managing to carry over a thousand people
excluding the cargo. It was also called kunlun bo, because Kunlun
people were employed as sailors to sail it. Rigs were made from the
bark of palm trees, and the woven fiber of kudzu was used for caulk-
ing, so there was no leaking of cold water. Iron nails or clamps were
not used, because of the risk of fire from friction of the iron; instead,
wooden fastenings fastened the hull planking. Passengers were anx-
ious about using such thin planks for the hull. The hull would look
as long as a mile, having the three members. Propulsion fully relied
on sailing by wind, rather than manpower. (Huilin Yinyi, vol. 61 [au-
thor’s translation])
P KB A B HE R AR A AR R T8 ABR &)
JTEI B wr AR B AN 255 i B 7K I PRI 1 R Ry R e 5 B
LIKA AN FIST RSB OK AR B AR T {F 2 ACH R &
%&%HU{ —HERILEREINIEA DT, (BhER &)

Southern China may be regarded as a culturally independent region, the
natural position of which placed it under the influence of both China and
Southeast Asia before the tenth century. In completing successful voyages
crossing the South China Sea, the Chinese monks aimed at getting back
safely to ports in Guangzhou, China, which was the destination of the
South China Sea trade on the Chinese continent around that time. The
city, the most southerly gateway to China, was a hub port linked to South-
east Asia and places farther west. There were local voyagers skilled in
shipping in the region, although they may not have been regarded as Han
Chinese people. Yueh people, for example, could have been representa-
tive of those who had remained unsinicized as voyagers. Although details
about them are not definitive, Yueh people had occupied the Guangdong
and Fujian areas until the Tang dynasty. Indian people started to appear
in the southern ports of China during the same that time.

Guangzhou could have been the most important international port in
southern China by the tenth century, which resulted in the establishment
of the so-called maritime supervisorates, or Shibosi, for the administration
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of merchants and ships from overseas (Kuwabara 1989). Terms for foreign
ships that appeared in several Chinese historical texts included ban bo
(A1), bolumen bo (FZEEFIRH), bosi bo CEZHIAA), fanbo (FRH), hai bo
(BAH), kunlun bo (F#5fH), kunluncheng bo (F#53EfH), nanfanhai bo
(FEEE/8AA), nanhai bo (F3)8RA), shiziguo bo (FliFEIfH), waiguo bo
(YMNEIfA), xinanyi bo (FEFE 52, and xiyu bo (FHIEfAH (Kuwabara 1989).
Some of these names are simply general terms for foreign ships. Ships
associated with specific groups of people or countries are fanbo, possibly
outriggers from Southeast Asian archipelagos; bosi, possibly from Persia;
kunlun (possibly Khmer ships from mainland Southeast Asia); bolumen,
possibly from India; and shiziguo, from Ceylon, although further details
of these ships are unclear.

Archaeological Perspectives on Early South China Sea
Boatbuilding Techniques

Long-distance sea routes lying between the South China Sea and the In-
dian Ocean were maintained by the involvement of a range of seafarers,
some of whom were engaged in transregional voyages. No hull remains
related to early voyages to the South China Sea have yet been documented
in India’s coastal waters. In contrast, the existence of various types of in-
digenous boats is indicated by the discovery of numerous stone anchors
and a wealth of underwater wreck sites in Indian waters (Tripati et al.
2001; Tripati et al. 2004). The configuration of early Indian sailing ships
around the third century is inscribed on terracotta seals found at Chan-
draketugarh in West Bengal, India (Chakravarti 2002). A ship depicted
among the famous cave paintings in India’s Ajanta Caves, dating to the
seventh century, provides further details of an early Indian sailing ship
(Hourani 1963).

Indian seafarers were not the only distant travelers; ships from many
different places—including Sri Lanka, Persia, and the Arabian region—
were engaged in transregional seafaring. A major destination for these
vessels and the people on board was Guangzhou in southern China. The
ninth-century Belitung shipwreck discovered in Indonesia is a recent ad-
dition revealing early Arab contact with China. It is an important resource
illustrating the direct voyage of a ship from the Indian Ocean to the South
China Sea. The site is in a poor condition of preservation, and the site as-
sessment revealed a scatter of broken ceramics, which may have resulted
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from commercial salvage at the site (Sudaryadi 2011). People consider that
the ship originated from the western Indian Ocean. Use of African timber
and similarity of construction techniques and design to modern Omani
traditional boatbuilding are clues for addressing the origin of this ship
(Tom Vosmer, pers. comm., 2010). The ceramics recovered from the ship-
wreck illustrate the active involvement of non-Chinese ships in early trad-
ing of Chinese commodities in the South China Sea (Guy 2006). Persian
and Arab merchants were among the foreign merchants who appeared on
the southern coast of China, where Guangzhou was the most renowned
international trading port during the Tang dynasty, though during the
Song and Yuan periods the bulk of maritime trading shifted to Quanzhou
in Fujian and Yangzhou in Jiangnan, on China’s central coast. These areas
facing the East China Sea thus came to be a melting pot of technologies,
where Chinese shipbuilders encountered the shipbuilding traditions that
had advanced in the South China Sea and the Indian Ocean. The innova-
tions resulting from the encounter led in turn to the advent of the East
China Sea shipbuilding tradition in the South China Sea. This facilitated
the advancement of the South China Sea shipbuilding tradition to the
next stage of development.

Southeast Asian Lashed-Lug Frame Construction

Long-term use of long dugouts is widely observed on the mainland of
Southeast Asia, as represented in the motif of bronze Dong Son drums
and in the reliefs of Khmer monuments in the Indochinese peninsula.
The primitive dugouts exhibit innovation partly in the utilization of dow-
els, or treenails, for adding planks. The enduring tradition of planked-up
dugouts with dowels can be traced up to the twentieth century in many
parts of Southeast Asia (Burningham 1989). Besides the planking meth-
ods using the wooden fastenings, a stitched technique with the use of or-
ganic fiber has been reviewed as a representative technique in the region
(McGrail 2001; McCarthy 2005). The two techniques were combinable in
early shipbuilding. The fact that a group in Taiwan speaking an Austro-
nesian language was still using them into the twentieth century has been
well documented, as a boatbuilding tradition similar to that of Southeast
Asia (Kano and Segawa 1956; Deguchi 1995). This is noteworthy in that
the early dissemination of shipbuilding and interaction of different tradi-
tions occurred widely within the Asia-Pacific regions, contributing to the
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cultural development of the Austronesia-speaking people (Bellwood 1985;
Lape et al. 2007).

At some time before the tenth century, shipbuilding in the South China
Sea reached maturity in the construction of seaworthy ships. Such ships
had substantial loading capacity for human and cargo transportation,
compared to planked-up dugout canoes. This advancement is associated
especially with an innovation in the transverse structure: expansion of the
beam and reinforcement by frames. The frames are fixed into the hull by
a lashed-lug technique (Horridge 1982). The technique allows the frames
to be tightened by fibers onto protrusions chamfered on the inner surface
of the hull planks. The planking associated with the lashed-lug technique
is principally an edge-joint method, initially used with a combination
of stitching and wooden dowels and later with wooden fastenings only.
There are at least two representative types of lug, based on the shape of
the protrusion: a round lug and a rectangular chamfered protrusion. Lugs
of the former type are seen in early ship timbers found in Pontian on
the Malay Peninsula, while excavated boats in the Philippines known as
Butuan (or balangay) boats represent the second type (Manguin 1993).
Of the five Butuan boats found in 1986, three have been fully excavated.
While the dates of the boats based on radiocarbon dating analysis are
disputable, they have been fully assessed by several researchers in terms
of structural details (Ronquillo 1987; Green et al. 1992; Clark et al. 1993;
Green et al. 1995).

There has been an increase in the discovery of ship remains showing
the lashed-lug technique across the South China Sea since 2000 (see map
8.1). Indonesia is the focal area for the discovery of ancient Southeast
Asian ship remains, although most of them consist of disarticulated tim-
bers (Manguin 1993). A remarkably well-preserved ship at the site of Pun-
julharjo, near Rembang in Java Tengah (central Java), has been reported
(Manguin 2009; Priyanto 2011). The hull remains of the Punjulharjo ship
measure 15.6 meters in length and 4.5 meters in width amidships (figure
8.1). The remaining part of the hull consists of a well-preserved bottom
structure, including a keel, five strakes on the port side, and four strakes
on the starboard side. Parts of the bow and stern structure also remain. A
rudder post was discovered next to the hull.

The hull construction techniques evident on the Punjulharjo ship
show that shipbuilders in the Southeast Asian boatbuilding tradition built
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Figure 8.1. The
Punjulharjo ship
discovered in Java.
(From Manguin
2009; courtesy of
Ministry of Mari-
time Affairs and
Fisheries)

seaworthy ships. The identified planking method involves the fastening
of hull planks by both dowels and disconnected stitches. After the strakes
were joined, the frames and thwarts were lashed to the lugs on the strakes.
The similarity of the stem and stern structure of the Punjulharjo ship to
other ship remains from Southeast Asia, including the Butuan boats, has
been pointed out (Clark et al. 1993; Manguin 2009). Radiocarbon dat-
ing of the Punjulharjo ship timbers dates the construction period to AD
660-780 (Priyanto 2011).

Three shipwrecks found in the Java Sea—known as the Intan, Cire-
bon, and Karawang shipwrecks—are said to date back to around the tenth
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century, and they can probably be assigned to the category of seagoing
ships constructed by techniques endemic to Southeast Asia. The hull re-
mains of the Intan shipwreck were poorly preserved, but salvage reports
and studies on cargo are available (Mathers and Flecker 1997; Macleod
and Flecker 2001; Flecker 2002; Twitchett and Stargardt 2002; Guy 2004).
Few archaeological reports have been produced on the Cirebon and Kar-
awang shipwreck sites, but these shipwrecks appear to have been well
preserved; planks having lugs were revealed, and at least some frames
remained when the ships were discovered. Another example of a hull
structure related to Southeast Asian techniques is a shipwreck discovered
in 2010 in the waters off the coast of Tanjung Simpang Mengayau, in the
state of Sabah in Malaysia. The remaining part of the hull shows lashed-
lug construction (Flecker 2012). Ligaya Lacsina (2011) recently reported
the finding of plank remains in the waters of the Philippines that were
originally assembled using techniques similar to those visible in the Bu-
tuan boats.

The waters off the coast of Borneo were a corridor for Southeast Asian
seagoing ships that sailed between the archipelago and the mainland of
Southeast Asia. In Brunei, the Brunei Museum Department conducted
research at the Sungai Limau Manis site, twenty-two kilometers from
Bandar Seri Begawan, and identified numerous ship timbers, including
bow parts, hull planks, frames, and paddles (Yahya 2005). While the abso-
lute date of the ship remains has not been ascertained, Chinese ceramics
excavated at this trading site, including Yue wares, are dated to the Song
period. The Kota Batu site is another important site in the country that
involved trade. Its active period has been assigned to the Ming dynasty
(Harrison 1976; Omar 1983). Excavations carried out at the site during
1952-53 revealed a few ship construction tools and materials, such as
resin, as well as ship timbers (Yahya 2005). The hull remains, however,
were not recorded in detail.

Major discoveries of ship remains reflecting the lashed-lug technique
are not restricted to the Southeast Asian archipelagos. Pierre-Yves Man-
guin (1993) reported the discovery of ship remains at the site of the Wat
Khlom Tom temple in Krabi Province in southern Thailand. The site is
known as a bead production site (Khuan Luk Pat or Kuan Look Pad) ac-
tive from the fourth to the ninth century, when the area thrived because of
maritime trading. The ship remains were found in 1966 in the Tum River
vicinity near the temple site, and some timbers were recovered later, in



East Asia’s Link to the South China Sea and Gulf Traders - 225

2012. Some planks have rectangular lugs, and there is a broken piece of
timber that could have been used as part of the bow or stern (figure 8.2).
The timbers are stored in the Wat Khlom Tom Museum and are not well
preserved, but it is still obvious that some timbers are quite distinctive
from each other in shape and probably came from different ships. The
degradation of the timbers, however, prevents identification of the origi-
nal configuration of the lugs.

The richness of the lashed-lug construction tradition along the Thai
coasts is also evident in ship remains found in the Tran Province, which
adjoins the southern part of Krabi. Ship remains were found in 1989 dur-
ing the dredging of an artificial pool behind the Wat (Kok Yang) temple
in Kan Tang district. Among Thai scholars there seems to be an insistence
that the ship originated from the Indian Ocean, considering the distinc-
tive features of the ship timbers and the location where the remains were
discovered, which used to be part of the Tran River connecting to the
Andaman Sea. What is visible in photographs, however, which show the
lugs and stitched planks, indicates that the original ship might have been
built in the Southeast Asian shipbuilding tradition. Unfortunately, the
ship timbers have been destroyed. The lashed-lug technique and stitched
planks have also been identified in ship timbers found on the eastern side
of Thailand. A few ship remains were discovered during the development
of the Nong Ree canal in Koh Kwang village, Muang district, in Chantha-
buri Province; they were recorded by the Thai Underwater Archaeology
Division, under the Department of Fine Arts.

Widespread use of the lashed-lug technique along the coasts of the
islands and mainland of Southeast Asia implies standardization of the
technique across the region. Southeast Asian indigenous craft found in
the surge of archaeological discoveries are undated, but they illustrate a
sphere of technology that covers almost the entire South China Sea. The
most recent finding to be noted is on shore alongside Chau Tan village in
Binh Son district, Quang Ngai Province in Vietnam. A shipwreck with
a large number of Chinese ceramics including Changsha ware, Yue ce-
ladon, Ding- and Xing-type white porcelain, and Three Color Ware has
been discovered. Some bowls and jars have been described as bearing
Chinese, Arabic, or Indic inscriptions (figure 8.2). Yet as is true of many
of the above-mentioned cases, the ship remains have not been properly
recorded.



Figure 8.2. Ship timbers stored at the Wat Khlom Tom Museum, Krabi Province, Thailand
(top), and ship timbers found in the waters around Cu Lao Cham in central Vietnam (bot-

tom). (Top photo by author; bottom photo by Do Troulg Giang)
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Hybridization Theory in the South China Sea

As noted before, this South China Sea tradition is not a technical
family that can be defined in clear-cut terms; it is not a homogenous
group, since this tradition clearly bridges national borders and is
identifiable in both China-built and Southeast Asia-built vessels.
(Manguin 2010: 345)

The South China Sea shipbuilding tradition is characterized by structural
uniqueness evident in numerous excavated ships in the region: hybrid
features reflecting technologies from both East Asia (southern China) and
Southeast Asia (Manguin 1984, 1993, 2010). Innovation in the hull struc-
ture and construction methods is represented by the shift of the trans-
verse structure from frames to bulkheads, by the disappearance of the
lashed-lug technique, and by the retention of wooden fastenings for the
main planking. These hybridization processes are considered examples of
an integration into Southeast Asian shipbuilding of technologies attrib-
uted to East China Sea shipbuilding.

The rise of East China Sea shipbuilding during the Song dynasty fol-
lowed the maturing of the shipping business and trade in northern and
central China (Shiba 1968). One can argue that sinicization of shipbuild-
ing in the southernmost areas of the Chinese coasts in the early Song
dynasty could have lagged behind, as indicated in the historical text Hui-
lin Yinyi, quoted earlier. Nevertheless, expansion of maritime networks
involving cities in Fujian Province in southern China and connecting to
Southeast Asian ports definitely occurred throughout the Song dynasty
period (Clark 1991; Ptak 1998; Schottenhammer 1999; Heng 2009). The
linkage between the East China Sea and South China Sea was enhanced
by the engagement of Chinese traders in long-distance maritime trading.

Shipping between the two seas continuously increased as the Mongol
Empire gradually strengthened its control of territories in China. The he-
gemony of the Yuan, descended from the Mongol Empire, expanded after
garnering maritime power by defeating the Southern Song in 1279. The
Yuan rulers actively used ship transportation for military campaigns in
various places in East and Southeast Asia (Rossabi 1988; Delgado 2009;
Kimura et al. 2014). Sending out the fleets affected the power relations of
the polities engaged in maritime activities and changed the sailing routes
(Ptak 1998). Decline began for Srivijaya, which had dominated intra- and
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transregional maritime networks in Southeast Asia from the seventh
through the fourteenth century, and the subsequent rise of the Majapahit
(AD 1293-1527) is a representative case of the impact of armed interven-
tion by the Yuan dynasty (Miksic 1983; Yamamoto 1983). In the end, how-
ever, Yuan aggression proved unsuccessful. Beyond the naval campaigns,
we should note that Yuan maritime policies had the capacity to promote
more seaborne trade than did the policies of previous dynasties, as is also
evident in the development of extensive Sino-Muslim networks during
that time (Chaffee 2008; Yasuhiro 2008).

Thus, the diffusion of the Chinese shipbuilding tradition was part of
the maritime expansion through the Song and Yuan periods. Direct voy-
ages of ships built in China to trade in the South China Sea probably oc-
curred in the twelfth century, and the arrival of Chinese traders in South-
east Asian ports did not cease in the following periods. Strengthening
of the relationship between the Yuan dynasty and its tributary states in
Southeast Asia probably enhanced the volume of traffic on the sea. All
these factors directly bear on the matter of shipyards in the South China
Sea regions rapidly adapting technologies from the East China Sea. They
started to construct hybridized ships that had never been built in the re-
gions before.

Advent of the South China Sea Shipbuilding Tradition

The timing of the dawn of hybridization in shipbuilding technologies in
the South China Sea is controversial, but the increased number of archae-
ological sites associated with ships that originated from East or Southeast
Asia provides some clues for addressing this question. An inventory of
ship remains and wreck sites in the waters of the Philippines, Indonesia,
and Thailand has been developed (appendix 3). As a first step, the list of
ship remains can be used to consider the earliest evidence of seafaring of
Chinese ships in South China Sea waters. In the above-mentioned coun-
tries, only a few sites have been identified that possibly date to the Song dy-
nasty period of the twelfth or thirteenth century. In the Philippines, some
ceramic remains and stone anchor stocks found at reef sites—Bracker
Reef, Investigator Shoal, and the Bolinao II site on Silaqui Island—ap-
pear to relate to wrecking events that date back to that period (Clark et al.
1989; Dizon 1992). The stone anchor stocks from sites in the Philippines
appear to have originated from Chinese ships, being similar to the ones
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Figure 8.3. Stone anchor stock from a twelfth- to thirteenth-century wreck site at In-

vestigator Shoal, stored in the National Museum of the Philippines. (Photo by author)

discovered in Quanzhou in China and along the Japanese coast (figure
8.3). While the dates for these sites are based on ceramic assemblages
that assigned them to the eleventh and twelfth centuries, further detailed
study of the stone anchor stocks may complement perspectives on direct
voyages of East China Sea traders into Southeast Asia.

Stone anchor stocks identical to the ones found in the Philippines were
discovered at the Jepara wreck site in Indonesia. The wreck site had been
heavily pillaged, but the assemblage of ceramics recovered and reported
consists of Chinese ceramics from kilns in Fujian, such as Tongan and
Dehua (Atmajuana and McKinnon 2005). The recovered ceramics and
copper coins suggest that the shipwreck can be dated to the twelfth cen-
tury. One of the two stone anchor stocks is approximately two and a half
meters long, and the middle part of the stock is grooved. Indonesia has
a wreck site, known as the Pulau Buaya wreck site, dated to the Song
dynasty (Ridho and McKinnon 1998; McKinnon 2001). Cargo from the
shipwreck consists of diverse trading commodities: more than 32,000
pieces of ceramics, ingots, copper coins, and glasswares, along with what
are probably personal items, including wooden dice. The archaeological
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report presents intensive information about the cargo, but the condition
of the hull remains is not clearly known.

So far, clues to determine the advent of East China Sea traders in the
South China Sea before the fourteenth century are extremely limited.
While a few wreck sites dating to the twelfth and thirteenth centuries
have been reported, almost no information about the hull condition of
these wrecked ships is available. Known wreck sites of seagoing traders
from fourteenth-century China are more limited in Southeast Asia than
are remains from the previous periods. None of the shipwrecks from the
Philippines or Indonesia, for example, has been clearly assigned to this
period. In Vietnam, local authorities have announced the discovery of the
remnants of a fourteenth-century ship lying oft the coast of Binh Son dis-
trict in Quang Ngai Province. The discovery of many ceramics associated
with the shipwreck was emphasized in an announcement during salvage
operations by a local company using a dry-dock method. Despite the fact
that a large portion of the hull was well preserved when discovered, the
salvage operation appears to have focused primarily on the recovery of
ceramics.

Wreck sites in Thailand have been reasonably fully reported, provid-
ing some reliable data about hull structure and construction techniques.
Several shipwreck sites in the Gulf of Thailand have been archaeologically
surveyed and excavated. Underwater archaeology in Thailand started in
the late 1970s, and an initial underwater survey on the east side of the Gulf
of Thailand identified twelve wreck sites (Intakosai 1984; Prishanchit 1992;
Vatcharangkul 1992). Of these, Ko Rang Kwien is the earliest ship, dating
to the late fourteenth or early fifteenth century. The hull was substantially
damaged, and only part of the ship survives, including some keel timbers.
The keel scarf has holes for the placing of copper coins or a mirror, as
was the custom of Chinese shipwrights (as seen in the Song and Yuan
dynasty ships described in chapters 4 and 5). Bulkhead planks have not
been identified, but the ribs (frames) are fastened into the hull planks by
wooden pegs. Whether the hull originally had a bulkhead structure has
not been confirmed. Thai researchers have interpreted the Ko Rang Kwien
shipwreck as a locally built ship; yet it could have been constructed partly
based on the Chinese shipbuilding tradition. The coins and mirror in
the keel joint are indicative of the transfer not only of construction skills
but also of ritual practices attributed to Chinese shipbuilding. This raises
questions about how shipwrights’ beliefs and behavior were transferred
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from one country to another. Is this suggestive of a migration of ship-
wrights who established their industry on the coasts of Thailand?

Ko Si Chang shipwrecks nos. 1-3 and the Pattaya shipwreck are other
cases important for insight into the types of ships in the Gulf of Thai-
land. These are a group of shipwrecks investigated through a collaborative
project by the Thai Underwater Archaeology Division and researchers
from the Department of Maritime Archaeology of the Western Australian
Museum (Green et al. 1986; Atkinson et al. 1989). Of these shipwrecks,
Ko Si Chang no. 2 is the oldest ship, according to radiocarbon dating of
a timber, which yielded a calibrated date of AD 1290460 (Atkinson et al.
1989); a study of recovered ceramics dated the ship to the beginning of the
fifteenth century (Mukai 2000). The fact that the absolute dating of con-
struction material shows an earlier date than the relative date of the lading
item could be valid, although there is a gap between the two dates. The
dates nevertheless classify Ko Si Chang no. 2 to a relatively early period.

Ko Si Chang shipwreck no. 1 has been dated to a later period, according
to radiocarbon dating of its dyewood cargo to the late sixteenth century,
which corresponds with the date of its cargo of Thai ceramics (Atkin-
son et al. 1989; Mukai 2000). The hull structure of the two shipwrecks
is distinctive. The Chinese shipbuilding tradition appears to have been
more influential in the hull structure and construction methods of the
older Ko Si Chang shipwreck no. 2. Iron fastenings were reported as hav-
ing been used for the innermost planks, but these reflect a construction
method different from those typically observed on the planking of East
Asian ships (Atkinson et al. 1989). Ko Si Chang no. 1 clearly represents
the South China Sea shipbuilding tradition, as indicated by its reported
planking (Green et al. 1986).

The cargo assemblage for Ko Si Chang shipwrecks nos. 1 and 2 indicates
that they were international traders. In contrast, Ko Si Chang no. 3, dated
to the mid-sixteenth century, is considered to have been a coastal trader
(Green et al. 1987b). The Pattaya shipwreck is likewise considered to have
been engaged in coastal trading (Green and Harper 1983; Green and In-
takosai 1983); it has been tentatively dated to the mid-sixteenth to mid-
seventeenth century. The hull structure of these local traders indicates
that shipbuilding industries in the middle and eastern coasts of the Gulf
of Thailand had fully adopted the East China Sea shipbuilding tradition
early, likely during the fourteenth century.
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Gulf Traders

According to Suebsang Promboon (1984), after the Ming dynasty came to
power in 1368, Thailand delegated seventy-eight trade missions to China
for tribute from 1371 to 1511. The Ming court sent seventeen tributary mis-
sions to research Thailand during the same period. In view of the fact that
the Ming court restricted private maritime trading, it is interesting to con-
sider whether merchants and traders in Southeast Asia attempted to raise
their prominence in the South China Sea maritime trade. A substantial
increase in the exportation of Thai ceramics to all regions of Southeast
Asia has been reported for the mid-fifteenth century (Mukai 2000). Pos-
sible growth of shipbuilding industries along the coasts of the Gulf of
Thailand around the same time should be considered. Traders from the
Gulf of Thailand could sail widely in the South China Sea and even to the
East China Sea. This represents the heyday of gulf traders.

The increase in hybrid types of shipwrecks dating to the fifteenth cen-
tury onward is notable when appraising shipwrecks found in waters off
Thailand. A shipwreck found in Koh Kong Province in Cambodia, for
example, has the potential for further comparative study with gulf traders
found in Thailand. The Cambodian shipwreck was found about twenty
kilometers offshore of Sdach in Kirisakor district (Ministry of Culture
and Fine Arts 2011; Phann 2011; Beavan et al. 2012). Recovered ceramics
include Thai wares from the kilns of Sukhothai and the river Noi. The
ceramic assemblage and radiocarbon dating indicate that the ship dates to
the late fifteenth to early sixteenth century (Beavan et al. 2012). The overall
assemblage of its cargo—not only ceramics but also other commodities,
such as several lead ingots—appears to be very similar to that of Ko Si
Chang no. 1. A full underwater excavation at the site in the future may
deliver more details on the hull structure.

Vietnamese studies have recently reoriented the evaluation of the king-
dom of Dai Viet in a new direction in terms of its role in maritime trading
in the South China Sea, suggesting that it represents the establishment of
a trading center in northern Vietnam (Momoki 1998; Li 2006). The his-
torical significance of international ports has been pointed out in relation
to the expansion of Vietnamese ceramic exports in the fifteenth century,
as well as a shipwreck discovered oftf Hoi An on the south-central coast
of Vietnam (Abe 2010). The assemblage of recovered Vietnamese and
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Chinese ceramics and radiocarbon dating of a ship timber date the Hoi
An shipwreck to the late fifteenth century, and its hull planks appear to be
composed of woods native to Thailand (Kikuchi 2010). Many ships built
along the Thai coast presumably sailed into the South China Sea off the
Vietnamese coast, but whether the Hoi An shipwreck originated from the
Gulf of Thailand is still open to question. Shipbuilders in Hoi An could
have developed the capacity to supply hybrid ships in later periods. Hoi
An, on the south-central coast of Vietnam, grew as an international trad-
ing port under the reign of the Nguyen lords (AD 1558-1777), who placed
a foreign settlement in Hoi An. The Nguyen lords also promoted the in-
dustrialization of shipbuilding through various preferential incentives
and established government shipyards with hierarchical employment of
skilled shipwrights (Nishimura and Ueda 2012). These policies facilitated
the passage of Dutch, Chinese, and Japanese merchants into Hoi An dur-
ing the seventeenth century. Hoi An was one of the destinations for the
red (or vermilion) seal vessels (shuinsen) of Japanese merchants, which
undertook long-distance voyages between the East China Sea and South
China Sea; some of the shuinsen display hybrid features (see chapter 1).

The Philippines, which lie on the margin of the South China Sea, have
been a stopping point because of their proximity to East Asia. The Santa
Cruz shipwreck discovered in the Philippines serves as an example of a
fifteenth-century trader found away from the Southeast Asian mainland.
Data on its cargo and hull structure have been reported (Orillaneda 2008).
The site was discovered offshore from the municipality of Santa Cruz in
Zambales Province. The Santa Cruz shipwreck is a late fifteenth- to early
sixteenth-century merchant ship, according to Bobby C. Orillaneda’s
study on the assemblage of ceramics loaded as cargo. Its hull measures
approximately twenty-five meters long and six meters wide. The remain-
ing parts include a keel, sixteen bulkheads, and half frames. Eleven or
twelve strakes appear to remain. The hull strakes are edge-joined, showing
three-layered planks. The planking has wooden dowels fastening the in-
nermost planks and iron nails fastening the inner to the outer planking.
The hull has bulkheads as its main transverse structure. The main struc-
ture of the hull uses Chinese construction methods, but planking using
wooden dowels for the inner planks is a technique endemic to Southeast
Asia. The results of wood species identifications on the timbers suggest
that the Santa Cruz ship was locally built (Orillaneda 2008).
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Southeast Asian Nautical Archaeology in the Asian Century

Despite the increase in the discovery of shipwrecks over in the past few
decades, Southeast Asian maritime archaeology provides limited infor-
mation for the study of hull structure and construction methods. This is
partly because of a lack of resources for local researchers to conduct de-
tailed investigations of hull remains. An exception is the Thai Underwater
Archaeology Division, which has been actively carrying out underwater
archaeological expeditions after ceasing collaborative projects with over-
seas experts (Green and Harper 1982). Collaboration led to local capacity
building for extensive surveys and excavations guided by local strategy.
One of the remarkable outcomes of this endeavor has been the excava-
tion of the Bangkachai II shipwreck. An internal site report in the Thai
language is the only data currently available.

The Bangkachai IT shipwreck was discovered in 1992 in eight meters of
water in Bangkachai Bay, approximately two kilometers from the coast of
the Bangkachai community in Chantaburi Province. The hull bottom re-
mained in good condition when discovered. The remaining part measures
approximately twenty-four meters in length and six meters in width. The
hull bottom cross section shows a rounded shape. The remaining bottom
structure includes a keel and thick garboards that are joined together with
wooden fastenings. Hog pieces reinforce the joint of the keel members.
At one of the joints between the keel members, evidence of bao shou kong
has been identified. Longitudinal timbers run from the bow to the stern,
penetrating the bulkheads. Nineteen bulkheads remain. The lower and
upper bulkhead planks differ in thickness. Most of these planks are joined
by wooden fastenings, but in some parts skew-driven iron nails are used
in both the forward and aft faces of the bulkheads. The bulkheads have
triangular limber holes. A bamboo stick was found next to a limber hole;
it had probably been used to clear the way for bilgewater, not to seal the
limber holes (Worrawit Hassapak, pers. comm., 2009).

Twelve strakes remain on the port side, and nine strakes remain on
the starboard side. The hull planking has sheathing planks forming the
two outer layers. The width of the planks measures 200-250 millimeters,
and the thickness varies from 50 to 80 millimeters for the inner planks
and from 40 to 60 millimeters for the outer planks. The strakes are edge-
joined, and the planking uses both wooden and iron fastenings. Wooden
dowels (treenails) seem to have been identified for the butt joint of the
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Figure 8.4. Bangkachai II shipwreck, scale model. (Courtesy of Thai Underwater Ar-
chaeology Division; photo by author)

strakes. Two mast steps were found; the forward mast step measures
2.98 meters athwartships, and the mainmast step measures 3.18 meters
athwartships. Two recesses are cut to hold the heels of the mast cheeks
(figure 8.4).

Three large wooden anchors were recovered during underwater opera-
tions. The main hull components were made of tropical woods, identified



236 - Archaeology of East Asian Shipbuilding

as Cotylelobium lanceolatum Craib and Tectona grandis L.f. (commonly
known as teak). The wood species indicate that the ship was probably
built in Southeast Asia. Radiocarbon dating yielded a year of 360+70 BP,
and the approximate date of the wrecking is estimated at around the 1610s,
given the results of analysis and cross-dating based on Chinese ceramics
dated to the Ming dynasty’s Wanli reign (AD 1573-1619) and Chinese in-
scriptions on a wooden box storing small lead ingots.

The Bangkachai II shipwreck is regarded as a merchant ship, as illus-
trated by the assemblage of trading materials. The main cargo was prob-
ably a large amount of sappan wood for dye (approximately 20,000 pieces)
and Burmese ironwood (Xylia xylocarpa). Other plant products, such as
Terminalia nuts, betel nuts, and peppers, were also present. Many copper
ingots (totaling ten tons) of different shapes were found. The quantity of
ceramics among the artifacts is low, indicating that they were not major
trading materials or perhaps were personal belongings. Some jars contain
tamarinds, peppers, and animal and fish bones. Some of the stoneware
and earthenware is from Thailand’s Noi River, in Sangbui Province, and
some Sangkalok wares, such as green glazed ceramics, are from the Su-
khothai period. The ceramics discovered include overseas products from
Vietnam, though notably the relative dating on the Vietnamese ceramics
shows them as from the early sixteenth century, approximately one hun-
dred years older than the dates given for the ship.

Part of the hull and its outfitting—such as a mast step, anchors, and
cannons—have been recovered. Conservation work will be needed on
these recovered components. The hull is preserved in situ. I am not aware
of the monitoring and management strategy for the hull, but it constitutes
a significant case for developing appropriate in situ preservation meth-
ods in the region. In many cases in Southeast Asian waters, including the
South China Sea, past operations for commercial salvage at wreck sites
have focused on artifact recovery, especially of ceramics, and have given
recording of the shipwreck hull low priority.

Although some notable recording projects have been conducted, the
original data are dominated mostly by salvage companies and have not
necessarily been shared with local people or the countries responsible
for custody of sites to make data available for further study. At the end
of a salvage operation, the site has frequently been left without manage-
ment or protection policies; rescue of artifacts has been expedient in
past salvage operations, rather than a vision of protecting the hull as an
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archaeological site. Knowledge of wreck sites in the South China Sea is
still scattered and lacks broad perspectives, despite the fact that in many
cases the wreck sites have a transnational historical background, not only
in the assemblage of seaborne commodities but also in hull structure and
construction methods. As demonstrated in this chapter, there is a need for
a regional perspective in the study of shipwrecks in the South China Sea.



Conclusion

My broad aim in this book is to clarify the historical development of ship-
building technologies in East Asia over the centuries by assessing them
at a regional level and from the viewpoint of maritime archaeology. As
previously discussed, the analysis is based on an approach centered on
the concept of hybridization underlying innovations in shipbuilding, as
well as hypothetically considering that evidence for technological hybrid-
ization is ubiquitous and can be found much more widely on excavated
ships than was previously thought. By taking this approach, I intend to
reorient in a new direction the existing linear theory of evolution for the
interpretation of shipbuilding and naval history of one country. The re-
sults of intensive and extensive study of multiple ships excavated in East
and Southeast Asia verify the conceptual frameworks. Detailed expla-
nations of structure and construction methods observed in the ship re-
mains, especially with a focus on representative hull components (such
as bulkheads and shipbuilding materials) allow for a comparative assess-
ment based primarily on archaeological data but also multidisciplinary
in nature, drawing data from ethnohistorical, textual, and experimental
sources as well.

Summary of East Asian Shipbuilding Technologies

East Asian shipbuilding technologies were adopted variously to form
regional traditions with distinctive characteristics. Among these were
dominant and lasting technologies that are evident along the coasts of
the Yellow Sea and the rise of the East China Sea shipbuilding tradition,
dissemination of which influenced the formation of the South China Sea
shipbuilding tradition.
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Yellow Sea Shipbuilding Tradition

Technologies are evidenced in three different types of ships: (1) excavated
Tang dynasty riverine ships dating from before the tenth century that
have a flat bottom and use bulkheads and iron fastenings; (2) excavated
Goryeo dynasty coastal traders of the eleventh to fourteenth centuries
off the western coast of the Korean Peninsula that have a hull floor with
robust chine timbers, use beams for transverse components, and have
wooden fastenings; and (3) excavated flat-bottomed keelless ships of the
Ming dynasty that were constructed using shipbuilding technologies of
the Korean Peninsula but were hybridized with Chinese shipbuilding
technologies, as illustrated by the use of bulkheads and iron fastenings.
Shipbuilding in the Korean Peninsula had developed endemic technolo-
gies at least as early as the tenth century, and these technologies were
influential outside the Yellow Sea, such as in Japan.

At the same time, another major type of watercraft sailed between the
southern regions of Japan and northern coasts of China. These ships were
probably similar to Chinese coastal ships used from Hangzhou Bay north-
ward, areas that formed a sphere of construction for flat-bottomed ships.
The water environment as well as the development of riverine infrastruc-
ture in these areas facilitated the advent and lasting use of such ships.

East China Sea Shipbuilding Tradition

Details of early periods of shipbuilding in this tradition are still disput-
able; however, the middle coast of China is considered to be the northern
limit of the range of the Austronesian shipbuilding tradition, and vari-
ous groups of seafarers reached this coast before the tenth century. En-
dogenous growth and exogenous factors combined to promote further
shipbuilding development in this area. Technologies in later periods are
evidenced in two types of ships. The first set consists of excavated sea-
going ships of the thirteenth and fourteenth centuries that have a deep
deadrise (a V-shaped bottom in cross section) formed by a keel and gar-
boards. The transverse structure consists principally of bulkheads and is
further secured by half frames and brackets. The hull is constructed of
layered planking and uses various types of iron fastenings. The second set
comprises excavated ships dating from the Song to the Ming dynasty with
a rounded bottom (a U-shaped bottom in cross section) and a keel. The
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hull is likely to have been constructed by single-layered planking (baulks)
and has bulkheads.

The technologies of the first set (keel, garboards, bulkheads, half frames,
brackets, layered planking, and iron fastenings) show a strong connection
with the southern part of the Chinese coast around the Taiwan Strait and
southward. In contrast, the focal area of the second set of technologies
can be identified to the north, around Ningbo, but this technological suite
is regarded to have become dominant in the broad area of the Chinese
coasts than the first one in the later periods. Moreover, shipwrights using
this technology of the East China Sea shipbuilding tradition could have
had a mutual interaction with those of the Yellow Sea shipbuilding tradi-
tion, as indicated by identical ships found throughout the two regions.

South China Sea Shipbuilding Tradition

The South China Sea region, which includes the southern coast of China,
was dominated by Southeast Asian indigenous shipbuilding traditions.
Wooden fastenings (treenails, or dowels) and lashed or stitched planks
represent the typical planking technology used in ships in the region.
Technological advancement occurred early in the first millennium AD
with the advent of the lashed-lug technique, which brought the instal-
lation of frames and thwarts into the hull, thereby promoting the con-
struction of larger seaworthy ships. That lashed-lug construction was a
prevalent technique is illustrated in how widely such ship remains have
been found: both on land and in waters from the Malay and Indochinese
peninsulas across insular Southeast Asia.

The prominence of the technique, however, was probably diminished
by the more active involvement of ships from the East China Sea around
the late thirteenth to the early fourteenth century. Shipbuilders in some
zones of the South China Sea, such as the coasts of the Gulf of Thailand,
innovated through hybridization by integrating the existing and exoge-
nous technologies. Hybridized features are evidenced in shipwrecks dated
to the fifteenth century and later that are found in many waters in South-
east Asia. They have a keel and a round bottom. The transverse compo-
nents consist of bulkheads and, likely, half frames. The hull planking is in
multiple layers, and the main planking (that is, the innermost planking)
has wooden fastenings with compensatory uses of iron fastenings.
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Toward a New Interpretation of East Asian
Shipbuilding Technologies

An increase in the number of archaeological discoveries of coastal traders
and seagoing ships in East Asia during the last quarter of the twentieth
century has permitted multiple excavated ships identified in China, Ko-
rea, and Japan to be analyzed using a comparative perspective at a re-
gional level. Such an approach has not been attempted in prior scholar-
ship, and it shifts the emphasis toward analyzing the dynamics of regional
shipbuilding rather than that of a single nation. This macro view should
be carried forward into later East Asian shipwreck archaeology, so that
comparative research on structural features and construction methods of
the excavated hulls can be given in as much detail as in nautical archaeo-
logical research on ships found in Europe and the United States.

My research centers on the examination of representative hull com-
ponents of seagoing ships, such as the bulkhead, a common structural
feature found in trading ships that were engaged in maritime activities all
across East Asia. The bulkhead is defined as an indispensable hull com-
ponent for long-distance voyages and provides a schematic concept for
East Asian seagoing ships. In this sense, this transverse component can be
used as a parameter for evaluating the formation of regional shipbuilding
traditions.

The development of regional shipbuilding technologies in East Asian
shipbuilding history was dependent on technological innovations, partic-
ularly those that involved the hybridization of ship construction methods.
In particular, the integration of specific hull components was directly re-
lated to the formation of regional shipbuilding traditions. While previous
studies presented technological hybridization as localized, my compara-
tive research presumes that the identification of hybridized features can
be more readily observed through a wider approach to the formulation of
regional shipbuilding development in both East Asia and Southeast Asia.

Further, this research shows the value of multidisciplinary study in East
Asian maritime archaeology by incorporating both archaeological data
and various other kinds of data, including historical accounts and icono-
graphic and ethnological resources. The multidisciplinary review in chap-
ter 3 integrates into a single account the recent work on these resources
by regional and extraregional scholars. The review reveals the availability
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of secondary data from historical and boat ethnological studies on East
Asian maritime trading, seafaring, and traditional boatbuilding. With
regard to archaeological data, chapter 3 also clarifies achievements in
underwater archaeological survey and excavation in China, Korea, and
Japan. Archaeological reports from these operations are used as primary
data in this research.

Chronology of Principles in East Asian Shipbuilding Traditions

Representative hull structures and construction methods of excavated
ships in East Asia (in particular, those related to the three shipbuilding
traditions discussed throughout this volume) are specific to each body of
water: the Yellow Sea (see chapters 4 and 5), the East China Sea (see chap-
ters 6 and 7), and the South China Sea (see chapter 8). Archaeological
evidence from the detailed study of hulls and ship construction materials
yields insights into the emergence of representative technologies, which
can thereby be incorporated into the dynamics of East Asian shipbuilding.

Early Features of Shipbuilding in the Yellow Sea

The development of the flat-bottomed ship, a shipbuilding tradition en-
demic to the Korean Peninsula, is one of the ancestral threads of East
Asian shipbuilding. It had a notable impact on the prominence of coastal
traders during the Goryeo dynasty (AD 918-1392) and may have influ-
enced early Japanese shipbuilding technologies. Its possible linkage with
Japanese shipbuilding is posited in this volume for the first time. While
ship remains confirming the hypothesis have not yet been found in Ja-
pan, there is nevertheless room to reconsider the existing linear theory
that has been advocated for the evolution of traditional Japanese ships. A
fourteenth-century historical account defines traditional Japanese ships
as flat-bottomed ships. Furthermore, some representative features of the
major type of coastal traders used from the seventeenth century onward,
recognized as a flat-bottomed ship, are akin to the structure of early
coastal traders used in Korea.

Nine hulls dating to the Goryeo dynasty have been excavated on the
western side of South Korea. They were constructed using the same ship-
building technology, an endogenous form presumably developed before
the Goryeo dynasty, although all the excavated ships are dated to the early
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eleventh century onward. Representative features are baulks as longitudi-
nal structures in a flat-bottomed hull, athwart beams as transverse struc-
tures, and wooden fastenings. These Goryeo coastal traders were designed
to sail the muddy and shallow waters of the Yellow Sea. They illustrate the
dominance of seaborne activities by merchants from the Korean Penin-
sula in the early East Asian waters, as mentioned in historical records.

The long-term dominance of flat-bottomed ships traditionally used in
northern waters of the Chinese coast is evident in various resources (see
chapter 2). Evidence from boat remains in China verifies the construction
of planked boats with a flat bottom before the tenth century, around the
Tang dynasty period (AD 618-907). Many boats have been found in or
near ancient waterways or canals in northern China. Two Tang dynasty
boats were discovered inland in Jiangsu Province. All the boats that have
been dated to this period are considered to have been for riverine use.
Bulkheads, which are regarded as a representative characteristic of his-
torical Chinese ships, initially appeared in the structure of the riverine
ships prior to their adoption in seagoing ships. They could have developed
initially for transverse strengthening of the hull of riverine boats rather
than as watertight compartments for seagoing ships.

Ships similar to the riverine boats—with a flat-bottomed hull and bulk-
heads—may have been used in early China for sailing out to sea. People
around the coast of the Yellow Sea probably pioneered the use of flat-bot-
tomed ships at sea. Jiangsu Province and Zhejiang Province to the south
of it (see figure 1.1) are described as having had mother ports for ships
conducting distant voyages since before the tenth century. These were
focal ports for many envoys and trading ships involved in early maritime
interactions between the Chinese continent and Japan during the Tang
dynasty. While we can only deduce the possible structure of those ships
crossing the Yellow Sea and the East China Sea, there likely were not sub-
stantial differences in the hulls of early Chinese ships for riverine use and
for seafaring. Even in the nineteenth century, the sha-chuan (sand ships),
represented by a Hangzhou Bay trader, were still perceived as ships used
for both riverine and seagoing purposes in the Yellow Sea and the north-
ern East China Sea (see chapter 3). Limited evidence allows us to infer
that during the early stages of shipbuilding along the northern coasts of
China, the structure and construction methods of seagoing ships in this
region were fundamentally identical to those of the excavated riverine
ships.
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Thirteenth- and Fourteenth-Century Development in
the East China Sea

The second sphere of shipbuilding traditions is evident in ships that origi-
nated from the East China Sea. We still lack direct evidence for the forma-
tion of the area’s shipbuilding traditions and for the timing and locations
involved. The central and southern Chinese coasts should be regarded a
focal region where the transition from riverine to seagoing vessels pre-
sumably occurred during the Song dynasty (AD 960-1279). The embry-
onic East China Sea shipbuilding tradition probably lay in the coastal
areas southward around Hangzhou Bay, where shipbuilding industries
made a swift switch toward supplying seagoing ships.

Two excavated ships are analyzed in detail to examine the East China
Sea shipbuilding tradition: the Quanzhou ship, dating to the second half
of the thirteenth century (see chapter 4), and the Shinan shipwreck, from
the first quarter of the fourteenth century (see chapter 5). They evidence
standardization of the structure of seagoing ships in these periods. Struc-
tural features and construction methods identified in the ships reveal one
stage of the process of technological integration. The use of a keel with
bulkheads occurs in these two significant discoveries of Chinese traders
(the Quanzhou ship is the first seagoing ship discovered, and the Shinan
ship is the first Chinese trader discovered in water). Whereas how the keel
structure began to be adapted in East China Sea shipbuilding has yet to be
clarified, the stage of dissemination of this structure can be considered as
a period of innovation. One may presume that the innovation facilitated
the construction of seaworthy Chinese traders, which led to the promi-
nence of merchants voyaging from the mainland of China in the waters
of East Asia as well as Southeast Asia.

The Quanzhou and Shinan ships are East China Sea traders for a long-
distance voyage. Their hulls are characterized by a V-shaped bottom, a
shallow draft, and wide beams. The standardized structural features in-
clude the keel and hull planking, which contribute synergistically to lon-
gitudinal strength. The keel is composed of three members, and thick gar-
boards are fixed to it. The hull planking that extends from the garboards
forms a steep deadrise angle. Hull planking is edge-fastened by skew nail-
ing with rabbeted seams. The system of multiple-layered planking has also
been standardized for protection of the innermost planks and functions
as a plank shell. The bulkheads are an indispensable hull component,
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providing transverse strength, and they are typically used with large half
frames and brackets.

Detailed analysis of the hulls of the two ships identifies some differ-
ences. In general, the structure of the Shinan ship appears less sturdy than
that of the Quanzhou ship, as indicated in the methods of layering the
planking. The layered planking of the Quanzhou ship contributes both
to protection of the inner planks and to an increase in the longitudinal
strength of the hull. In the Shinan ship, the original intention for the lay-
ered planking was for it to function as sheathing that protected the inner
planks against marine borers, not to increase the longitudinal strength
of the hull. The possible structural weakness arising from this may have
caused the distortion of the Shinan shipwreck hull that is evident in
the now-hogged keel; reconstruction of the ship lines indicates that the
hogged keel was not an original feature. With regard to transverse com-
ponents, bulkheads in the Shinan ship are fewer in number than in the
Quanzhou ship, an arrangement that could have allowed the hull to stow
cargo of relatively large size. As noted, however, it may have produced
frailty in terms of transverse strength. In previous studies, these ships
were individually assessed. The intensive joint analysis of the two ships in
the present volume argues for the significance of comparative assessment
of structural details and construction methods.

Analysis of Shipbuilding Materials

The comparative approach, when extended to the archaeological ex-
amination of ship construction materials such as fastenings and timbers
(see chapter 6) contributes to a better understanding of the East China
Sea shipbuilding tradition. The analysis of specimens obtained from the
hull remains of the Quanzhou ship and the Shinan shipwreck is comple-
mented by data on ship remains from the Takashima underwater site, a
unique data set considering the origin of the vessels: the remains of ships
the Mongol Empire requisitioned from different regions to compose a
fleet. Ship construction materials also yield insight into the industries that
provided them.

The remains of nails from the Shinan shipwreck and the Takashima
underwater site, examined comparatively and assessed using a metallur-
gical approach, provided results relevant to a regional perspective. The
CT scan and X-ray images of the remains of iron nails from the Shinan
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shipwreck have revealed that their configuration is skewed. The micro-
scopic cross-section image indicates that manufacturing processes for the
nails used in the Shinan ship were similar to those of the iron nails from
the Takashima underwater site. The first step was the casting of thin bar
iron ingots with a square cross section, and then the iron in the ingots
was improved—made softer and more pliable—through a process of de-
carbonization that yielded iron of a quality suitable for making ship nails.
Annealing work for the decarbonization was probably conducted in iron
workshops built in shipyards. There is a need for future study of iron re-
mains from archaeological sites of shipyards. Such an inclusive approach
can help establish a more comprehensive picture of the long-term use of
iron fastenings in East Asian shipbuilding traditions.

The assemblage of wood species used in hull components provides an-
other suite of regional insights. Wood species identifications conducted
on samples from the Quanzhou ship and compared to existing data on
wood species in the Shinan shipwreck and at the Takashima underwater
site revealed a pattern of wood usage. Three major species are commonly
seen in ships built in the East China Sea shipbuilding tradition: Pinus
massoniana Lamb., known as Chinese pine; Cunninghamia lanceolata
(Lamb.) Hook., or Chinese fir; and Cinnamomum camphora (L.) ]. Presl,
the camphor tree.

Cinnamomum camphora and Cunninghamia lanceolata make up the
majority of the assemblage among the wide range of woods from the Ta-
kashima underwater site. Pinus massoniana is the dominant species used
for the hull of the Shinan shipwreck. The wood assemblage of the Quan-
zhou ship consists of all three species and indicates that a specific type of
wood was used for each hull component. The keel, for instance, consists
of Pinus massoniana and Cinnamomum camphora, which are harder than
the Cunninghamia lanceolata used for hull planks. Cunninghamia lanceo-
lata was used for sheathing planks of the Shinan shipwreck, probably be-
cause the wood is softer and lighter and relatively easier to cut and work.
It also has reasonable resistance against marine borers.

A comparison of these data with data on wood species identified in
other excavated ships in East Asia, including the Goryeo dynasty ships,
reveals differences in the types of wood between Chinese shipbuilding
traditions and those of the Korean Peninsula. Archaeological study of
wood species complements historical texts, which offer limited precision
in indicating which woods were used for shipbuilding. Implementation
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of wood identifications on the remains of ship timbers testifies to the use
of particular types of wood corresponding with specific regional ship-
building traditions. This probably occurred in relation to the growth of
networks between timber industries and shipbuilding industries during
the Song dynasty. These industries flourished synergistically at some ports
along the coast of the East China Sea.

Expansion from the Fourteenth Century Onward

The East China Sea shipbuilding tradition was continuously growing and
represents diversity in Chinese shipbuilding traditions. Some ships exca-
vated in the region clearly show differences in structural characteristics
from the twelfth- and thirteenth-century ships. An example of such dis-
tinctiveness can be seen in some ships excavated along the coast of the
East China Sea, which do not have multiple-layered planking and whose
hulls have a less steep deadrise in cross section than do the V-bottomed
ships. Some ships excavated around Ningbo, including the Ningbo ship
and the Xiangshan Ming dynasty shipwreck (chapter 7), typically show
such characteristics. During the Ming dynasty (AD 1368-1644), such di-
versity could have expanded within the region.

Notably, the structure and configuration of the Xiangshan Ming dy-
nasty shipwreck are similar to those of the Penglai ships of the Ming dy-
nasty that were found in Shandong Province, facing the Yellow Sea. Four
ships found at the city of Penglai on the coast of the Yellow Sea are classi-
fied into two categories. In terms of construction methods, the character-
istics of Penglai ships nos. 1and 2, dated to the late Yuan to early Ming pe-
riods, show attributes of the East China Sea shipbuilding tradition. Their
planking methods are similar to those of the Xiangshan Ming dynasty
shipwreck. All these ships have longitudinally longer hulls in length/beam
ratio than do the hulls assigned to previous periods. The features of the
other two Penglai ships show a linkage with the Yellow Sea shipbuilding
tradition associated with the Korean Peninsula. A hybrid feature is clearly
presented in one Penglai ship, no. 3: its transverse structure consists of
bulkheads instead of the transverse beams typically present in the Korean
ships dated to the Goryeo dynasty. What underlies the hybridization in
the Yellow Sea is probably the fact that the East China Sea shipbuilding
tradition became influential around the fourteenth century and later.

The South China Sea is considered to be a third sphere of shipbuilding
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tradition that arose in relationship with the other two regional traditions.
The most definitive technological hybridization followed the expansion
of the East China Sea shipbuilding tradition into Southeast Asia. Ship-
wrecks excavated in Southeast Asian waters, dating to the fifteenth cen-
tury and later, reveal the adoption of technologies originally from China.
The South China Sea has been a focal area for technological hybridiza-
tion throughout its long maritime history. The excavated seagoing ships
in the South China Sea are identical to those traders with distinctive hy-
brid features recorded in Japanese historical accounts and iconographic
resources. From these sources, we can presume that there was a certain
demand for the hybrid type of ship.

Behind this lay the recognition and adaptation of innovations associ-
ated with the hybrid ships—such as enhancement of their performance
at sea and their cargo capacity—among some of the people engaged in
shipbuilding around the South China Sea. Shipbuilding in Thailand, for
example, experienced substantial growth as a supplier of hybrid ships.
Shipbuilding industries in the South China Sea met the West in the fif-
teenth century; for instance, the Dutch East India Company placed an
order with shipbuilders in Ayutthaya for “Chinese-type junks” that would
be employed sailing to Japan. What are called Chinese-type junks in his-
torical accounts were probably vessels constructed in the South China Sea
shipbuilding tradition. In the late sixteenth to early seventeenth century,
Japanese merchants made more-direct inroads into maritime trade with
Southeast Asia by sailing the hybrid ships.

While the framework of the South China Sea shipbuilding tradition
was not made clear in previous studies, the present extensive research
makes clear that the development of this shipbuilding tradition is related
to the formation and expansion of the East China Sea shipbuilding tradi-
tion. In this regard, the detailed pursuit of hull structure and construction
methods has substantial significance, linking shipbuilding traditions over
these waters and locating them in a long-term chronological framework.



Appendix 1

Contents of Discovered Materials from the Quanzhou Ship
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Appendix 2

Excavated South China Sea Seafarers’ Ships

with Lashed-Lug Technique

Stitches/wooden
Country Site Place of discovery Date dowels (pegs) Shape of lug
Malaysia Pontian boat Kuala Pontian, AD 260-430  Stitched planks ~ Round
Pahang and wooden
dowels (treenails)
for reinforcement
of the planking
Jenderam Hilir  Jenderam Hilir AD 465-655  Wooden dowels N/A
(treenails)
Jade Dragon In the waters off ~ 14th century =~ Wooden dowels ~ Small,
northern Borneo, rectangular
Sabah
Indonesia Kolam Pinisi Kolam Pinisi, near AD 434-631 Stitched planks ~ N/A
the river Musi,
Palembang, South
Sumatra
Sambirejo Sambirejo,near ~ AD 610-775  Wooden dowels  Rectangular
the river Musi, (treenails) and
Palembang, South stitches for rein-
Sumatra forcement of the
planking
Paya Pasir Medan, North 12th-14th Wooden dowels N/A
Sumatra centuries (treenails)

(continued)



Stitches/wooden

Country Site Place of discovery Date dowels (pegs) Shape of lug
Cirebon In the waters off ~ 10th century =~ Wooden dowels ~ Rectangular
shipwreck Cirebon Island, ® (treenails) and

West Java stitches for rein-
forcement of the
planking (?)
Karawang West Java Sea 10th century ~ Wooden dowels ~ Rectangular
shipwreck ? (treenails) and
stitches for rein-
forcement of the
planking (?)
Intan shipwreck West Java Sea 10th century ~ Wooden dowels N/A

Brunei Sungai Limau  Bandar Seri 10th-14th Wooden dowels ~ Rectangular
Manis Begawan centuries (?) (treenails)

Kota Batu Mouth of Brunei  14th century ~ N/A N/A
River

Philippines Butuan boat nos. Butuan city, AD 320, 1250, Wooden dowels  Rectangular

1,2,and 5 Northern and 1215 (treenails)
Mindanao

Gujangan wreck In the waters off ~ 15th-16th Wooden dowels  Rectangular
Gujangan Island,  centuries (treenails) ?)
Sulu Province

Vietnam Changsha ce- In the waters off ~ 9th-10th N/A Rectangular
ramic wreck site Quang Ngai centuries (?)

Thailand Wat Khlom Tom Tum River near ~ N/A Stitches Round

the Khuan Luk Pat
site, Krabi
Wat Khlom Tom Tum River near ~ N/A Wooden dowels  Rectangular
the Khuan Luk Pat (treenails) and
site, Krabi stitches for rein-
forcement of the
planking
Wat (Kok Yang) Kok Yang Sub- N/A N/A Round
temple district, Kantang,
Tran
Chanthaburi Nong Ree Canal, N/A Wooden dowels  Rectangular
Silapornville (treenails) and

Housing Project,
Koh Kwang vil-
lage, Muang Dis-
trict, Chanthaburi

stitches for rein-
forcement of the
planking




Appendix 3

List of Traders Found in the South China Sea Regions
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Glossary

This brief glossary of nautical terms is intended to clarify medieval East Asian
shipbuilding technology. The definitions of these terms rely by default on the
Western nautical terms presented in the International Maritime Dictionary
(Kerchove 1961) and follow terminology developed in previous studies of Chi-
nese sailing ships by George Worcester (1971) and Hans Van Tilburg (2007). A
few new terms resulting from the present research appear in this glossary to
explain features of excavated ships in the region.

athwartships—At right angles to the fore-and-aft line of a vessel (Kerchove
1961).

balanced rudder—A rudder in which part (generally 12-20 percent) of the
blade surface is forward of the axis so that the water pressure on this portion
counterbalances that on the after part (Kerchove 1961).

bao shou kong—A bao shou kong (fEFFFL) is literally a “hole for holding lon-
gevity,” presumed to mean for safe journeying. The term applies to holes in
the scarfs or joints of the keel of traditional Chinese ships, used for placing
copper coins representing the Great Bear constellation and a mirror repre-
senting a full moon, both serving as navigational aids. This appears to have
been a common tradition among shipwrights in the southern part of Fujian.

batten—A small spar, usually of bamboo, secured to and lying across a sail to
extend the leech, or aft edge of the sail (Worcester 1966).

beam—A transverse structural member of the ships framing. Beams serve
as joists supporting the deck against pressures that may be sustained from
cargo or from the masses of ties and struts they support; beams hold the
vessel’s sides at fixed distance and check racking tendencies in the transverse
section (Kerchove 1961).

bow transom—The foremost transverse baulks forming the bow.

bracket—A fastening to fix the hull planking and bulkheads tightly together
and to hold bulkhead planks.

bulkhead—A vertical partition, whether fore and aft or athwartships, that
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separates different compartments or spaces from one another (Kerchove
1961).

bulkhead stiffeners—Bars having either rolled section, angles, bulb angles,
or channels, and welded or riveted vertically on one side of a bulkhead to
strengthen it. The scantlings of stiffeners are regulated according to the water
pressure to which the bulkhead may be subjected. Stiffeners are fitted with
brackets or lug attachments at both ends (Kerchove 1961).

bulwark planks—Planks running along each side of the vessel, serving as a
fence, to keep the decks dry (Kerchove 1961).

bulwark stanchion—In wooden hulls, the upper part of top timbers that ex-
tends above the sheer line and supporting the bulwark planks (Kerchove
1961).

butt—The ends of two planks that exactly meet endwise.

butt joint—The point of connection between two parts where their ends or
edges are brought together and fastened with one of several joint methods,
including lap joints and tongue and groove joints.

butt strap (plate)—A strip of plating that connects the two parts meeting at a
butt joint.

carvel-built—Said of a boat constructed with edge-to-edge-fastened carvel
planking (Kerchove 1961).

carvel planking—A system of planking in which the outside planking of a ves-
sel or boat is flush: the edges meeting and giving the shell a smooth sur-
face instead of the planks overlapping, as in the clinker system. The lines for
carvel-built boats are laid down on a floor, just as in the building of large
vessels; molds are made, and the timbers are beveled (Kerchove 1961).

chine—The line of intersection between the sides and the bottom of a flat or
V-shaped hull (Kerchove 1961).

chine strake—The strakes create the chine between the bottom and the sides,
specifically, for those planks appearing in the Goryeo dynasty ships having
an L-shaped cross section.

chunam—A substance traditionally used in Chinese shipbuilding as putty for
caulking and luting, generally a material made from calcareous substances
(such as the ash of burned limestone or shells) and vegetable fiber mixed
with wood oil (tung oil).

clinker-built—Said of a boat constructed with overlapping clinker planking
(Kerchove 1961).

clinker planking—A method of planking used for watercraft in which the
lower edge of each strake overlaps the upper edge of the next strake below
(Kerchove 1961).
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coaming—The raised borders around the edges of hatches and scuttles for pre-
venting water on deck from running below (Kerchove 1961).

compound anchor—A type of anchor consisting of wooden shanks and arms
with a stone anchor stock (stone stocks).

deadrise—An angle measured upward from a horizontal plane at the lowest
point of the keel (Kerchove 1961).

deadweight—The vessel’s carrying capacity when loaded: includes crew, pas-
sengers, ballast, fresh water in storage tanks, and cargo (Kerchove 1961).

displacement—The number of tons of water displaced by a vessel afloat (Ker-
chove 1961).

draft—The depth of water a ship requires to float freely, or the depth of a ves-
sel below the waterline, measured vertically to the lowest part of the hull or
other reference points (Kerchove 1961).

dunnage—Material stowed among and beneath the cargo of a vessel to protect
the cargo from chafing and getting wet (Kerchove 1961).

frame—A transverse structural member forming the ribs of the hull and ex-
tending from the keel to the highest continuous deck (Kerchove 1961). For
oceangoing ships of East Asian origin, half frames attached to the bulkheads
are used.

frame-fast technique—The procedure for constructing the hull by first erect-
ing frames and then attaching hull planks to them.

freeboard—The vertical distance from the loaded waterline to the uppermost
complete deck (Kerchove 1961).

gua ju—A gua ju ($£47) is literally a “hook bracket.” The use of metal brackets
in the Chinese shipbuilding tradition was introduced following examples
of wooden brackets and various iron cramps (Xu 1985; Zhang et al. 2004:
288-290). The procedure of installation may show similarities with an L-
shaped wrought iron spike or dog as used in recent times to fasten the bulk-
heads to hull bottom planks of Chinese river junks. Joseph Needham (1971:
115) mentions the size of metal brackets. Worcester’s work provides details
on brackets used in traditional Chinese shipbuilding (Worcester 1941, 1971).

half-breadth plan—A plan or top view of half of a ship, divided longitudinally
(Kerchove 1961).

half frame—The short frame timbers or, for medieval oceangoing ships of East
Asian origin, a frame consisting of two members or timbers meeting in the
center line of the ship.

hog piece—A fore-and-aft piece of timber fastened to the top of the keel, pro-
viding a good landing edge for the garboards (Kerchove 1961). In some tra-
ditional Chinese ships, it is used as a solid longitudinal foundation where
transverse components such as bulkheads can sit neatly.
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junk—A term used to describe a wooden sailing vessel of Oriental build and
rig or, more specifically, used in Western nautical terminology to describe
a traditional type of Chinese ship. The term has been used only by foreign-
ers to describe watercraft operating in Chinese waters; there is no Chinese
ideogram with the same meaning, apart from a substitute character (7% 3%)
tentatively used by the Japanese.

keel —Known as longwu (#'#) in Chinese shipbuilding terminology, a keel is
likely to consist of three timbers: a main keel, a forward keel, and an aft keel.
The center keel is definitive as a main keel in that it underlies the main in-
ternal structure, namely, the bulkheads. Bulkheads are also built over the aft
keel. The forward keel functions as an extension of the main keel but is not
likely to underlie bulkheads. The term longwu is therefore applicable only to
the main and aft keel members. As ideogrammatically rendered in Chinese
characters, it means the backbone of the ship, physically supporting the up-
per parts of the hull. Most of the archaeologically identified ships originating
from eastern Asia show a similar longitudinal keel structure based on three
components.

leeboard—A plate or frame of planks lowered over the lee side of a shallow-
draft boat with a flat bottom. It lessens the leeway by giving increased lateral
resistance (Kerchove 1961).

light displacement—The weight of a vessel when unloaded (also called light
weight), including the hull, fittings, permanent ballast, and feed water (Ker-
chove 1961).

limber holes—Holes cut for drainage purposes in the lower part of frames or
bulkheads in the center line of the ship or in the vicinity of the keel.

mast heel—The lower end of a mast.

mast step—The chamfered block where the heel of a mast meets the tabernacle
cheeks flanking it likely to have two square recesses to accommodate the
ends of the tabernacle cheeks.

planked-up dugout—A type of dugout canoe made by extending its sides up-
ward by adding extra side strakes.

plank-fast technique—The procedure for constructing the hull that proceeds by
first building up a plank shell, in comparison with the frame-fast technique.

protruding-tongue scarf—A scarf joint showing a half lap with a protruding
tongue, used in the bottom strakes of Goryeo dynasty ships. A protruding
tongue like a tenon is made in the joint of a longitudinal member, which
joins into the recess cut in another member.

rabbeted carvel seam—A seam in which “the edge-joint between two adja-
cent strakes is rabbeted along the whole of the seam by a type of step-joint”
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(Burningham and Green 1997: 36) The term was developed for the Quan-
zhou ship’s hull (Burningham and Green 1997).

rabbeted clinker seam—A seam in which “a rabbet is cut into the inside of the
lower edge of the upper strake; the upper (unrabbeted) edge of the lower
[strake] is set in this rabbet, giving an external appearance of a clinker over-
lap, but the thickness of the step between the strakes at the surface is reduced
by the depth of [the] rabbet” (Burningham and Green 1997: 37). In the case
of the Shinan ship, rabbets were cut in both the lower and the upper edges of
some strakes around the bow where the hull planking changes from clinker-
to carvel-built.

rudder blade—The main flat portion of the rudder that provides the necessary
surface for the impinging action and side pressure of the water (Kerchove
1961).

rudder gudgeon (rudder socket)—A device retaining a rudder. Three differ-
ent types of rudder gudgeons (sockets) have been identified, according to
Worcester’s study: open, half-open, and closed gudgeons (Worcester 1971).

rudder post—A part of a rudder that acts as a shaft to receive a rudder blade.

rudder tiller—A heavy bar or lever with one end of the board fitting onto the
rudder post. Its function is to turn the rudder (Kerchove 1961).

sacrificial planking—A covering of wooden planks fastened to the underwater
body of a wooden hull to protect against shipworms and marine growths of
all kinds.

scarf—A join whereby two members are connected longitudinally into a con-
tinuous piece, the ends being halved, notched, or cut away so as to fit into
each other with mutual overlapping. Typical scarf conformations in East
Asian shipbuilding traditions are a stopped scarf and a hooked scarf.

scupper—One of the drains set in a deck to carry oft the accumulation of rain-
or seawater (Kerchove 1961).

scupper hole—A drain hole cut through the gunwale angle bar and adjoining
shell plate to allow water to run directly overboard from the gutter or water-
way (Kerchove 1961).

sheer plan—A plan showing the longitudinal, vertical section passing through
the median line of a ship (Kerchove 1961).

skewed nail—A type of iron nail, its shaft bent, typically used for hull planking.
In Chinese shipbuilding, various types of iron nails were used for planking,
including diao ding (literally “hanging nails,” m%7), bie ding (literally “split
nails,” %51J%T), and cha ding (literally “spike nails,” ##%7), and each is distinc-
tive in their shape, length, and cross section (Li 1989).

stern transom—Aftermost athwartship baulks giving shape to and forming a
stern, partly supporting the extremities of the deck. See also transom stern.



266 - Glossary

stiffeners—Also called stiffening bars. Sections or square shapes used for in-
creasing the rigidity of plating, as in bulkhead stiffeners (Kerchove 1961). See
also bulkhead stiffeners.

strake—A continuous line of planking in the hull extending the whole length of
the vessel. There are several varieties of strakes, according to their position;
e.g., planks at the bottom of Korean ships are described as bottom strakes.

structural bulkhead—A bulkhead, generally water- or oil-tight, that forms one
of the boundaries of the main compartments and contributes to the strength
of the hull. Its depth usually extends through several decks (Kerchove 1961).

tabernacle—A vertical trunk to support the lower part of the mast.

tabernacle cheeks—Vertical partners on each side of the lower end of the mast.

transom-mounted rudder—A rudder inserted into a round aperture cut
through the stern transom or a hole in the gudgeons fixed onto the stern
transom. See also rudder gudgeons.

transom stern—A form of stern in which the upper part of the aft hull struc-
ture terminates in a large flat surface, vertical, or nearly so, and square to the
central longitudinal plane of the ship.

turret construction—A barrel-shaped hull with a comparatively narrow deck
superimposed on it (Worcester 1966).

waterline—Horizontal lines parallel to the base line in the body plan or the
sheer plan or horizontal lines parallel to curved lines in the half-breadth
plan (Kerchove 1961).

watertight bulkheads—Vertical partitions in a ship that are strongly built, with
joints tight enough to withstand the pressure of the hydrostatic head and
prevent water from escaping into adjoining spaces if a compartment fills
with water. Watertight bulkheads also contribute to the structural strength
of the ship (Kerchove 1961).

windlass—A type of winch used to hoist the anchors, house them safely, and
warp or kedge the ship when in harbor (Kerchove 1961).

yuloh—A type of sculling oar used in small Chinese watercraft, placed in the
stern and consisting of two parts, a shaft and a blade (Kerchove 1961).
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iron nails (ancient): history in East Asia,
146-50, 147; Nanhai Shipwreck No. 1,

181; Ningbo ship, 184; Penglai sites, 193,
195, 197; Quanzhou ship, 90, 95, 151, 152;
Shinan ship, 110, 112-14, 120-21, 124, 126,
128, 151-55; Song dynasty, 50, 53, 55;
Takashima site, 141, 155-56; Tang dynasty,
47-48

iron nails (modern): Quanzhou ship, 78-79,
78; Shinan ship, 121

iron production (China), 147-48, 147

ironwoods: Bangkachai II ship cargo, 236;
Goryeo dynasty shipbuilding techniques
(Korea), 171-74

Ishii, 24

Japan archaeology: dugout canoes predomi-
nant, 21; lagging behind, 5; linearity of
maritime development timeline, 21-22;
technology similar to Korean, 38-43, 40,
41; watercraft discovery limited, 24, 38

Japan historiography, 5, 20-21, 137-39, 139

Japan shipbuilding technology: beams as
transverse, 15; influence on by Goryeo
trade ships, 242-43; nationalistic view of,
5; wooden hulls with flat bottom, 15
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Japan ship sites: Ryukyu Islands, 205-8, 207;
Takashima site, 138-46

Jiangsu trader (ship), 58

junks: in Eurocentric view of Asian ship-
building, 2; and sha-chuan, 58

Kang Tai, 215, 216

Kawawanyg site (Indonesia), 223-24, 254

keel (China): Nanhai Shipwreck No. 1, 181;
Ningbo ship, 182; Quanzhou ship, 74, 75,
79-80, 80; Song dynasty, 53, 54; Xiangshan
Ship, 191, 194

keel (Korea), 110-14, 111, 113, 124

keel (Thailand), 234

Kentoshi, voyages of, 46

Kiyo Tojin Yashiki Zukei (Japanese picture
scroll), 62

Koh Kong site (Cambodia), 232

Ko Rang Kwien site (Thailand), 230

Korea: baulks as longitudinal structure, 15;
beams as transverse structure, 15; Cinna-
momum camphora (camphor), 166; recent
nature of nautical excavations, 4

Korea historiography, 138-39

Korean ships: Anjwa, 34-36, 35; Goryeo
dynasty, 25, 26-32. See also Shinan ship

Ko Si Chang sites (Thailand), 231

Kota Batu site (Borneo), 224

Kublai Kahn, 138-39, 164

kunlum ship (South China Sea), 218

Kyuhoji site (Japan), 21

Lacsina, Ligaya, 224

lap joint: Penglai sites, 195; Quanzhou ship
hull, 83; Shinan ship, 118, 119, 121, 124, 125

lashed-lug sites: Brunei, 224; Indonesia,
223-25, 223; Malaysia, 224; Philippines,
224; Thailand, 224-25, 226; Vietnam, 225,
226

lashed ships: historiographies, 150, 219; South
China Sea shipbuilding tradition, 221-22

leeboards, 63

Li, Guoqing, 77, 86, 151

Li, Longfei, 50

limber holes: Bangkachai II site, 234; Nanhai
Shipwreck No. 1, 182; Penglai sites, 186;
Quanzhou ship, 90-91; Shinan ship, 124,
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limber holes—continued
126, 127,130; Song dynasty, 52, 53, 201; Song
dynasty lack of, 50; Xiangshan Ship, 191

Linan. See Hangzhou Bay

Lingwai Daida (Chinese text): ironwoods,
173-74; lashed ships, 150

locking pins, 29

long boat: historiography, 215-16; long-term
use in Southeast Asia, 221-22

longitudinal structures: Bangkachai II site, 234;
in Quanzhou ship, 203-4; round-bottomed
boats, 204; Song dynasty, 53. See also baulks

long scarf joint (Quanzhou), 83, 83

longwu (Chinese keel), 79

L-shaped chine strakes (Goryeo), 36-38, 37

L-shaped iron brackets (Quanzhou), 93-96,
94,136

Malaysia sites, 224, 253

Manguin, Pierre-Yves: hull components im-
portance, 8, 11-12; Thailand sites, 224

mao chayan, 50

Maritime Ceramic Route, 209

mast step: Bangkachai II site, 234; Ningbo
ship, 184; Penglai sites, 188, 193, 194, 195;
Quanzhou ship, 82, 97, 98; Shinan ship, 130,
131; Song dynasty, 50, 53, 55

mast structure: Goryeo dynasty, 32, 33; Shinan
ship, 130

McGrail, Seén, 201

Merwin, Douglas, 70-73

mestizo (hybrid Asian ship), 10

metallurgical analysis: Shinan ship, 155; Ta-
kashima site, 155-56

Miksic, John, 189

Ming dynasty (China): revival of Han China,
188-89; shipyard in Northern China, 63;
tribute system, 206; wood used for ship-
building, 175-76

Ming dynasty ships: Bangkachai I, 234-37,
235; Kota Batu, 224; Lena Shoal, 12; Nan'ao
Shipwreck No. 1, 189-90

Ming Shi (Chinese text), 175

mizzenmast, 130

Mongol Empire: attempted invasion of Japan,
137-39, 139; resulting in Yuan dynasty in
China, 184-85, 227-28

mortise and tenon fasteners: Goryeo dynasty,
26, 31, 32, 33, 34; Penglai sites, 186, 193;
Shinan ship, 110; Tang dynasty, 47, 48

Museum of Overseas Communication His-
tory (China): preservation treatment in,
54; Quanzhou ship, 69, 95, 100; Shinan
ship, 145

nail punch, 86-87, 86

naiowei-chuan (bird-tail ship), 57

Nan'ao Shipwreck No. 1 (China), 180-81,
189-90

Nan Chou Iwu Chi (Chinese text), 216

Nanbhai trade, 211-13

Nanjing ship, 59-60, 59, 60, 62, 63, 64

nan mu. See bay

Nan mu (Machilus), 165

Nansei Islands. See Ryukyu Islands sites

Nanyue kingdom, 214

National Conservation Center for Underwa-
ter Cultural Heritage (China), 4, 189

nationalism in shipbuilding chronology, 13

National Maritime Museum (Korea), 4, 118

National Museum of Chinese History, 180

National Research Institute of Maritime
Cultural Heritage (Korea), 107, 151

Needham, Joseph: historiography, 3; hybrid-
ization of ship construction methods,
10-11; sand ship, 58; water differences
and ship design, 56-58; wood use in ship
construction, 157

Ningbo ship: hybrid keel, 199; picture scroll,
60; similar to Penglai, 185; Southern Song
dynasty, 182-84, 183

Nitto Guho Junrei Gyoki (Japanese diary),
46-47

Northern China shipbuilding tradition:
development of, 63; Ming dynasty, 64;
Sui dynasty, 45-46; Tang dynasty, 46-47;
Yuan dynasty, 103-4

oak. See Cyclobalanopsis

Oba, Osamu: Chinese traders, 201; Nanjing
ship, 59

Oc Eo, 215

Okamoto, Hiromichi, 206

Orillaneda, Bobby C., 233
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Osawa, Masami, 155-56
Osmanthus heterophyllus (holly ivy), 164

Pattaya site (Thailand), 231

Penglai sites: anchors, 145-46; brackets, 201;
hybridization in, 2, 16, 185-88, 190-91;
wood species identification analysis,
168-71, 169

Philippines: lashed-lug frame construction,
222; Ming dynasty hybrids, 12; stone
anchors, 228, 229

Philippine sites, 233

Pinus massoniana (Chinese pine): Goryeo
dynasty shipbuilding techniques (Korea),
171; Penglai Fort site, 169; Song dynasty,
175

Pinus massoniana (Chinese pine): botanical
information, 166-68, 167; common for
shipbuilding, 165; Quanzhou ship, 158,
159; Shinan ship, 159, 163; Takashima site,
164, 165

piracy, 188

planked-up dugouts: Japan, 21, 22; long-term
use in Southeast Asia, 221

plank-first construction, 101-2

planking: bezaisen (Japanese 19th-century
coastal trader), 42; Penglai sites, 197;
popularity of Chinese fir, 166; Shinan ship,
116-22, 117, 119, 121; Takashima site, 141,
142. See also double planking; strakes

planking (clinker): Goryeo dynasty, 29;
Penglai sites, 195; Tang dynasty, 47

planking (edge-joined): in lashed-lug tech-
nique, 222; Penglai sites, 193; Philippines,
233; Shinan ship, 124, 125

planking (sacrificial): Bangkachai II site,
234; Shinan ship, 120, 121, 153, 154; Song
dynasty, 204

po (sailing long boat), 216

polyethylene glycol conservation (PEG):
Shinan ship, 107, 120; Takashima site, 144

Poujade, Jean, 11

Promboon, Suebsang, 232

Pulau Buaya site (Indonesia), 229

pump (bilge), 201

Punjulharjo site (Indonesia), 222-23, 223
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putty for sealing: Anjwa ship, 35, 36; Ming
dynasty, 191; Ningbo ship, 184; Quanzhou
ship, 86; Shinan ship, 120, 126; Song dynasty,
50; Tang dynasty, 48, 49

qing gang (oak), 165

Qing Ming Shang Ho Ti (picture scroll),
55-56

Quanzhou Maritime Museum. See Museum of
Overseas Communication History

Quanzhou ship: bow and stern, 80-82, 81;
bracket installation in, 202; bulkheads,
87-92, 88, 89, 91, 92; cargo artifacts, 76-77,
2505 cargo capacity, 74-76, 250; condition
of, 77-79, 78; construction method, 101-2;
dating of, 69, 100-101, 10I; excavation of,
70-73, 72; fasteners, 93-95, 94, 151, 152;
frames, 95-97, 96; hull planking, 82-87,
83, 85; hull shape, 199; keel, 79-80, 80; site
background, 70, 71; wood species identifica-
tion analysis, 158-63, 159. See also China
archaeology

Quercus (0ak): Goryeo dynasty shipbuilding
techniques (Korea), 171; Takashima site, 164

rabbet: Goryeo dynasty, 28; Nanhai Shipwreck
No. 1, 181; Penglai sites, 193, 195; Quanzhou
ship, 83, 83, 84, 85, 90; Shinan ship, 124

rabbeted carvel seam: Ningbo ship, 184; Quan-
zhou ship, 84, 85; Shinan ship, 117, 118

rabbeted clinker seam: Quanzhou ship, 84, 85;
Shinan ship, 114, 116, 117

radiocarbon dating: Bangkachai II site, 236;
Punjulharjo site, 223; Quanzhou ship,
100-101, 101; Takashima site, 146; Thailand
sites, 231

rafts, 22-23

red seal vessel: hybridization of ship construc-
tion methods, 13, 14; in Vietnam, 233

regional traditions: between Cambodia and
Thailand, 232; comparative assessment, 241;
and hybridization, 13-14; ironwood distri-
bution, 173-74; Japan and Korea, 42-43;
lashed-lug frame construction, 221-25;
riverine bulkheads in Northern China, 49;
Ryukyu Islands and China, 205-8, 207; of
shipbuilding in East Asia, 15-19
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riverine ships: flat-bottomed ships used for, 15,
243; Tang dynasty, 47-49, 47; technological
developments in Song dynasty, 54-55. See
also seagoing ships

Ri Zhi Lu (Chinese text), 56-58

rosewood cargo (Shinan), 108, 109

round-bottomed boats: Bangkachai II site, 234;
Fuzhou ship, 57; longitudinal structures,
204; Ningbo ship, 199; Penglai sites, 199;
from Southeast Asia in Northern China
waters, 63-64

round lug, 222

rudder: axial, 55, 64; ironwoods in, 174;
Shinan ship, 114, 116; transom-mounted, 39;
wooden, 52

rudder post: Bonotsu Harbor, 39-40; Okitsu,
40-43, 41; Quanzhou ship, 82

rudder socket (Quanzhou), 77, 78

Rugao ship (China), 47-48, 47

Ryukyu Islands sites (Japan), 205-8, 207

sacrificial planks: Bangkachai II site, 234;
Shinan ship, 120, 121, 153, 154; Song dynasty,
204

sand ship. See sha-chuan

San Fu Huang Guo (Chinese text), 157

Santa Cruz site (Philippines), 233

scarf: Ko Rang Kwien site (Thailand), 230;
Penglai sites, 186; Shinan ship, 121

scuppers (Shinan), 120

seagoing ships: Japanese Yellow Sea, 38-43, 40,
41; Korean Yellow Sea, 25, 26-36, 35; Shinan
and Quanzhou representative of, 135-36;
Song dynasty, 179-84, 183; South China Sea,
256-59; Sui dynasty (China), 46-47; Yuan
dynasty, 184-88, 187. See also riverine ships

seagoing ships, structural characteristics: East
Asian shipbuilding, 5-7; flat-bottomed craft
ancestor to, 16; Southeast Asia lashed-lug
technique, 253-54

sealing: Quanzhou ship modern nails, 79; Sui
dynasty (China), 46

sekibune (Japanese medieval coastal ship),
39-40, 40

sha-chuan (sand ship): being hard to sail
in deeper water, 57; for both river and
seagoing use, 16, 243; leeboards in, 63;

predominate flat-bottomed ship, 58, 59;
Treasure Shipyard, 63-64

Sha-min people (China), 57

shaohing chuan (Hangzhou Bay trader), 59

sheathing planks. See sacrificial planks

Shiba, Yoshinobu: iron production, 149; wood
in Song dynasty, 157, 175-76

Shibosi, 219-20

Shinan ship: bow and stern structure, 114-16,
115, 116; bracket installation, 202; bulkheads,
122-29, 122, 123, 125, 126, 127, 128, 129; bulk-
head spacing, 202; bulwark planks, 118, 120;
butt joints, 118, 119, 121; butt straps, 118, 119;
cargo artifacts, 108-10, 109; cargo capacity,
106, 107-8; cargo stowage tank, 132, 133; hull
construction methods, 132-36, 134, 151-55,
153, 154; hull planking, 116-22, 117, 119, 121;
hull shape, 199; keel, 110-14, 111, 113; mast
step, 130, 131; site background, 103-7, 105;
timeline of, 103; wood species identification
analysis, 159, 163-64. See also Korean ships;
Yellow Sea shipbuilding tradition

Shin Yuan Shi (dynasty chronicle), 138

Shigiao ship (China), 47, 48

Shiyun Waujie, 218

short lap joint (Quanzhou), 83, 83

shuisen. See red seal vessel

Siam ship, 61

Sibidongpado ship (Korea), 25, 28-29

Silla: historiography of trade with Japan, 20;
requisitioned ships in Japan, 23-24

Singapore, 11

skew-nail hull construction: Bangkachai II site,
234; Ningbo ship, 184; Penglai sites, 186,
187,193, 197; Quanzhou ship, 83, 83, 84-86;
Shinan ship, 116-18, 117, 120-21, 124, 130, 131

Song dynasty (China): bulkheads for
transverse strength, 200; iron production
increase, 148-49, 149; predominant wood
for shipbuilding, 157; ship industry growth,
17,175-76, 211, 227; socioeconomic growth
by shipping, 178-79

Song dynasty ships: Dazhi boat, 50, 51; Fashi
ship, 51, 53-54; Fengbinyang Bay ship, 51,
52-53; Heyilu ship, 51, 53-54; Huaguang
Reef Shipwreck No. 1, 181-82; Nanhai Ship-
wreck No. 1, 180-81; Ningbo ship, 182-84,



183; Pulau Buaya, 229; Sungai Limau Manis,
224; technology improvements for seafar-
ing, 179; Yuanmengkou ship, 50-52, 51

Song Huiyao Jikao (Chinese text), 149

song mu (pine), 165

sophora (wood), 157

South China Sea: East Asian regional ship-
building region, 18-19; geographic area of,
240; iron production, 148-49; link to East
China Sea historically, 209, 210; Nanhai
trade, 211-13; part independent part linked
with East China, 211

South China Sea historiography, 212-20

South China Sea shipbuilding hybridization:
beginning of, 228-31; hybrid boatbuilding
techniques, 220-27; precursor to, 227-28;
stemming from the Gulf of Thailand, 18,
211-12

South China Sea shipbuilding techniques:
hybrid boatbuilding techniques, 12-13;
lashed-lug frame construction, 221-22,
240, 253-54; round bottom, 240; transverse
structures, 240

South China Sea sites: Borneo, 224; Guang-
zhou shipyard, 214; Indonesia, 222-24, 223;
Nan'ao Shipwreck No. 1, 189-90; Vietnam,
225,226

Southern Song dynasty, 179

spices (cargo), 76, 250

spline. See tenons

stanchions (Shinan), 120, 121

Stefly, J. Richard, 158

stepped scarf: Goryeo dynasty, 30, 31; Ningbo
ship, 182

stern transom: Goryeo dynasty, 33, 35; Quan-
zhou ship, 78, 80-82, 81; Shinan ship, 114-16

stick-in-the-mud anchor, 50

stiffeners: Ningbo ship, 184; Shinan ship,
127-28, 128, 129

stone anchors: in composite Takashima an-
chor, 141-46, 143, 144, 145; Goryeo dynasty,
30; Penglai sites, 188; Song dynasty, 228,
229

stones for ballast, 191

stopped scarfs (Quanzhou), 79, 80, 87, 89

strakes: Goryeo dynasty, 26-28, 31, 32-33, 34,
35; in Japanese planked-up dugout canoe,
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21, 22; Quanzhou ship, 82-86, 102; Song
dynasty, 50; Xiangshan Shipwreck (China),
191; Yuan dynasty, 186. See also planking
Sui dynasty (China): shipbuilding tradition,
45-47, 47; Zhongshanwang tomb, 45-46, 47
Sungai Limau Manis site (Borneo), 224

tabernacle cheeks: Bangkachai II site, 235;
Ningbo ship, 184; Penglai sites, 188; Quan-
zhou ship, 97, 98; Shinan ship, 130

Taean Mado ship (Korea), 25, 30-32

Taean ship (Korea), 25, 29-30

Taiwan: lashed-lug frame construction,
221-22; Pinus massoniana (Chinese pine),
166; site, 60; wood origins in, 164

Takashima site (Japan): historiography, 138-39,
139; site background, 140-46, 142, 143, 144,
145; wood species identification analysis,
160, 164-65, 165

Talido ship (Korea), 25, 33

Tang dynasty historiography: contact between
China and South Seas, 212, 221; cultural
independence of South China, 219; Japanese
sea contact during, 243

Tang dynasty shipbuilding, 7, 15-16, 200, 243

Tang dynasty ships: riverine, 238-39; Rugao
ship, 47-48, 47; Shiqiao ship, 47, 48

tank (storage), 132, 133

Tectona grandis (teak), 236

tenons (Shinan), 124, 126

Thailand sites: Bangkachai II, 234-37, 235;
Ko Rang Kwien, 230; Ko Si Chang sites,
231; Pattaya, 231; Wat Khlom Tom temple,
224-25, 226; Wat temple, 225

Thailand tribute system, 232

Thai Underwater Archaeology Division, 231

tongue and groove joints: Penglai sites, 193;
Shinan ship, 118, 119, 121, 124, 125

tongue scarf, 33

Tosen no Zu (Japanese picture scroll): ico-
nography, 5; sand ship, 59, 60, 61, 62; ship
dimensions, 64, 65

traders. See seagoing ships

transverse structures: and bulkhead spacing,
202; cultural bias in assessing shipbuilding,
8; use of bulkheads technological innova-
tion, 6-7,17
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Treasure Shipyard: dispute on ships type
built there, 63-68, 65; popularity of
Chinese fir, 166

treenails. See trenails

trenails: Bangkachai IT site, 234; Goryeo dy-
nasty, 31; modern Korean, 36, 37; Penglai
sites, 195, 196; Quanzhou ship, 79

tribute system: destruction during Yuan
dynasty, 184-85; reinstatement during the
Ming dynasty, 188-89; Ryukyu Islands,
206, 207; in South China Sea history,
212-13, 232

Tsuboyaki ceramics, 206

twago, 11

twakaw, 11

Underwater Archaeological Research Center
(UARC) (China), 4, 180

Underwood, Horace A.: boat ethnology, 3;
Goryeo trenails, 36; skill transfer between
Japan and Korea, 43

Vietnam sites: Binh Son, 230; Cu Lao Cham,
225, 226; Hoi An, 232-33

V-shape hull: Ningbo ship, 184; Quanzhou
ship, 199; Shinan ship, 199; Song dynasty,
54,55, 204

Wando ship (Korea), 25, 26-27

Wang, Gungwu, 213, 214-15

Wanli Huidan (Chinese text), 175

water transportation: developments during
Song dynasty, 178-79; and water condi-
tions, 56-58

Wat Khlom Tom temple site (Thailand),
224-25, 226

Wat temple (Thailand), 225, 254

We Bei Zhi (Chinese text), 58, 59

Wenwu (Chinese journal), 70

Western Australian Museum: Quanzhou
ship, 69, 101; Thailand sites, 231; underwa-
ter excavations in East Asia, 4

windlass (Quanzhou), 99, 100

winter hazel. See Distylium

wood as cargo: Bangkachai II ship, 236;
Quanzhou ship, 76, 250; Shinan ship,
108, 109

wooden anchors: Bangkachai I site, 235; in

composite Takashima anchor, 141-46, 143,
144, 145; Penglai sites, 188; wood species
analysis, 160, 164-65, 165

wooden brackets as fasteners: Nanhai
Shipwreck No. 1, 182; Penglai sites, 195;
Shinan ship, 127-28, 128, 129, 133, 136; Song
dynasty, 53, 55

wooden dowels, 233

wooden fastenings: Bangkachai IT site, 234;
kunlum ship, 218

wooden nails. See trenails

wooden pegs as fasteners: Song dynasty, 53;
Sui dynasty (China), 46

wooden rudder, 52

wooden tank (Shinan), 132, 133

wood species identification analysis: Bangka-
chai IT site, 235-36; Penglai Fort site, 168-71,
169; Quanzhou ship, 158-63, 159; Shinan
ship, 159, 163-64; Takashima site, 164-65,
165

Worcester, George R. G.: Hangzhou Bay trader,
59; historiography, 3, 82; sand ship, 58;
stick-in-the-mud anchor, 50; wood identi-
fication, 165

Wu Bei Zhi (Chinese text), 56-57

wu lan mu, 174

Wu Shi Waiguo Zhuan (Chinese text), 215

Xi, Longfei, 48

Xiangshan Shipwreck (China), 191-93, 192

X-ray analysis, 150, 153, 155

Xuanhe Fengshi Gaoli Tujing (Chinese histori-
cal document), 3

Xu Zizhi Tongjian Changbian (Chinese histori-
ography), 149

Yang, Zelin, 181

Yellow Sea shipbuilding construction: beams
and bulkheads for transverse strength, 15;
flat bottoms, 15

Yellow Sea shipbuilding tradition: East Asian
regional shipbuilding region, 15-16; Goryeo
dynasty (Korea), 25, 26-33; Sui dynasty
(China), 45-47; Tang dynasty (China),
47-49, 47; Yuan dynasty, 185-88, 187

Yellow Sea ships, 34-36, 35. See also Shinan
ship

Yuan dynasty (China): establishment of fleet



in, 227-28; iron trade expansion, 149;
seafaring ships during, 184-85; shipbuild-
ing technological innovation during, 17;
unity between East and South China Sea
shipbuilding, 211

Yuan dynasty sites: Penglai Fort site, 145-46,
185-88, 187; Shinan ship, 103-4

Yuanmengkou ship (China), 50-52, 51

Yuan Shi (dynasty chronicle), 138

Yueh people, 219

yuloh, 54,157

yu mu. See elm
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Zang, Z., 55-56

zhang mu. See Cinnamomum camphora
Zhao Tuo, 214

Zhao Zheng, 214

Zhejiang Province, 15-16

Zheng He, 65, 188

Zhenla Fentiji (Cambodia Customs), 149
Zhong Mu Ji (Chinese text), 175
Zhongshanwang tomb (China), 45-46, 47
zhu mu (Quercus sp.), 157

Zhu Ying, 215

Zoho Kai Tsushoko (Japanese text), 10, 59
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