
THE OXFORD HANDBOOK OF

MARITIME
ARCHAEOLOGY

ALEXIS CATSAMBIS,

BEN FORD,

AND

DONNY 1. HAMILTON

OXFORD
UNIVERSITY PRESS



OXFORD
UNIVERSITY PRESS

Oxford University Press, Inc., publisntS works that further
Oxford University's objective of excellence

in research. scholarship, and education.

Oxford New York
Auckland Cape Town Dar es Salaam Hong Kong Karachi
Kuala Lumpur Madrid Melbourne Mexico City Nairobi

New Delhi Shanghai Taipei Toronlo

With offices in

Argentina Austria Brazil Chile Czech Republic France Greece
Guatemala Hungary Italy Japan Poland Portugal Singapo~

Soulh Korea Switzerland Thailand Turkey Ukraint Vietnam

Copyright e 2011 by Oxford University Press, Inc.

Published by Oxford University Press, mc.
198 Madison Avenue, New York, New York 10016

www.oup.com

Oxford is a registered trademark of Oxford Uni\'ersity Press

All rights reserved. No part of this publication may be reproduced,
stor~ in a retrieval system. or transmitted, in any form or by any means.

electronic. mechanical. photocopying. recording. or othe~.
without the prior permission of Oxford University Press.

library of Congress Cataloging-in-Publication Data
The Oxford handbook of maritime archaeology I edited by Alexis

Catsambis. Ben Ford, and Donny L. Hamilton.
p. em.

Includes bibliographical references and index.

ISBN 978-0-19<537517-6

I. Undrrwater archaeology-Handbooks. manuals, etc.
I. Calsambis, Alexis. II. Ford. Ben. Ill. H:unilton. Donny Leon.

IV. Title: Handbook of maritime archaeology.

CCn.U5099 2011

9JO.lo2Jl;'04-dcn 2010022350

98]6543 2 \
Printed In the United States of America

on add-free paper

To our significant others
for their patience

past, present, and future.



346 THE PROCESS-

............................. ...........................

SHIPS AND SHIPWRECKS

Liszl6 Kovacs. Norbert Fuhr, and Carlo Meghini. 198-209. Lecture Notes in Com~

puter Science No. 4675. Berlin: Springer.
OCHRE. 2010. Welcome to OCHRE. Rev. 30 March 2009. Online at http://ochre.lib.

uchicago.edu/. Accessed 2 February 2010.

Protege. 2009. The Protege Ontology Editor and Knowledge Acquisition System. Rev. 1

January 2010. Online at http://protege.stanford.edu/. Accessed 20 May 2009.

Reeves, Nicholas. 1992. After Tutcmkhamun: Research and excavation in the Royal Necrop_
olis at Thebes. London: Kegan Paul.

Reeves, Nicholas, and Richard Wilkinson. 1996. The complete Valley ofthe Kings: Tombs
and treasures ofEgypt's greatest pharaohs. London: Thames & Hudson.

Renfrew, Colin, and Paul Bahn. 2000. Archaeology: Theories, methods and practice.
London.: Thames & Hudson.

Rhinoceros. 2009. Modeling Tools for Designers. Rev. 1 January 2007. Online at http://WWw.
rhino3d.com. Accessed 3 October 2009.

SHAPE. 2008. The SHAPE Lab @ Brown University. Rev. June 2004. Online at http://WWw.
lems.browD.edu/vision/extra/SHAPE/. Accessed 15 December 2009·

Shen, Rao. Naga Vemuri, Weiguo Fan, and Edward Fox. 2008. Integration of complex
archaeology digital libraries: An ETANA-DL experience. Information Systems 33:
699-723·

Snyder. Lisa. 2004. Real-time visual simulation models in an exhibition environment. In
Proceedings of IEEE Virtual Reality Workshop: Virtual Reality for Public Consumption,
ed. Yashushu Ikei, Martin Gobel, and Jim Chen, 267. Chicago, March 2004. New
Jersey: Institute of Electrical and Electronics Engineers.

--.2008. The devil in the details: Reconstructing Chicago's White City. Poster present­
ed at the 2008 Chicago Colloquium on Digital Hwnanities and Computer Science.
Chicago, November 2008.

Steffy, Richard. 1994. Wooden ship building and the interpretation ofshipwrecks. College
Station: Texas A&M University Press.

Theban Mapping Project. 2008. Theban Mapping Project. Rev. 1 January 2008. Online at
http://www.thebanmappingproject.com/aboutl. Accessed 17 February 2010.

Thomas, David. 1998. Archaeology. Fort Worth: Harcourt Brace College Publishers.
Unsworth, John. 2002. What is humanities computing, and what is not? In /ahrbuch filr

Computerphilologie, ed. Georg Braungart, Karl Eibl, and Fotis Jannidis, 71-84.

Paderborn: Mentis Verlag.
van Duivenvoorde, Wendy. 2009. More than just bits of hull: Expensive oak. laminate

construction, and goat hair; New insights on Batavia's archaeological hull remains.
Tijdschrift voor Zeegeschiedenis 28 (2): 59-68,72-73-

Wells, Audrey. 2008. Virtual reconstruction of a seventeenth century Portuguese nau. MS
thesis, Texas A&M University.

PART III

.. .
.. . .................



CHAPTER 16

.. - . .

EARLY SHIPBUILDING
IN THE EASTERN

MEDITERRANEAN
..............................................................................................

MARK E. POLZER

INTRODUCTION

WHEN did cultures in the eastern Mediterranean start building ships? The answer,
quite simply, is that we don't know. Some researchers claim that stone implements
and skeletal remains found on Crete and Sardinia and in southern Spain testify to
seafaring in the Pleistocene by early hominids (Bednarik '999; Facchini and
Giusberti 1992; Johnstone 1988: 3; Martini '992; Sondaar et a1. 1995). While such
assertions may one day be proven, they are not yet widely accepted, and method­
ological questions have been raised about the dating and interpretation of such
evidence (Bower '997, 2010; Cherry 1992). The earliest established evidence for
sea trade and, by implication, the use of seagoing watercraft in the Mediterranean
are Mesolithic stone tools found in Franchthi Cave in the Argolid (Jacobsen 1969:
343, '973: 76-n 82-85; Renfrew, Dixon, and Cann 1965: 225; see additional bib­
liographical information in Tzalas 1995: 459-462). Studies have shown that they
were fashioned from obsidian gathered on the island of Melos in the Cyclades,
which lies some 120 km across open sea from the mainland (Aspinall, Feather,
and Renfrew 1972: 333; Cann and Renfrew 1964: HI; Renfrew et aI. 1971: 242; see
Johnstone 1973: 3-4 for a good summary). Those responsible for the obsidian
Were familiar with the sea and probably had been voyaging among the islands of
the Aegean for a long time (Cann, Dixon, and Renfrew 1965: 225; Cherry 1990).
What Sort of vessels they employed is not known, but scholars have argued for
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both dugouts (Basch 1987: 77: Casson 1995: 31; Johnstone 1973: 6; Wachsmann
1998: 74) and reed craft (johnstone '973: 4-6; Tzalas 1995), based partly On avail_
able building materials and tools but also largely on later representations of
descendant craft. The answer, perhaps, is both dugouts and reed craft, and others
as well (Marangou 2003).

Indeed, the difficulty in studying the construction of early watercraft is precisely
that most of the evidence is in the form of artistic representation-boat depictions
decorating pottery, drawn on rocks, painted on walls, and sculpted in various media_
that is often difficult to interpret and limited with respect to the details of construc_
tion. In order to understand how ancient shipwrights conceived and designed their
hulls, and the constructional features-materials, scantlings, joinery, building tech_
niques and procedures-that gave form and functionality to the vessels, we are best
served by evidence from the ships themselves. Therefore, in the limited confines of
this chapter, we will focus our discussion ofearly shipbuilding in the eastern Mediter_
ranean on archaeological hull remains provided by shipwreck and terrestrial excava­
tions. Egypt has proven to be the largest repository ofearly ancient watercraft: to date,
archaeologists have found remains from more than zo ancient boats spanning 2,500
years of Egyptian civilization. It is fitting, then, that we begin our discussion there.

EGYPT

Riverine Craft

Two Predynastic boat models from about 4000 BCE (Hayes 1964: z33: Brunton and
Caton-Thompson 19Z8: 34, pI. 23.33) provide the earliest evidence for watercraft in
ancient Egypt, although by then Egyptians probably had been building rafts capable
of navigating the main channel of the Nile for at least three millennia (Hendricla
and Yermeersch 2000: 35). These early watercraft were simple bundles of reeds
lashed together (Casson '995: 11), but by the mid-fourth millennium BCE, Egyp­
tians were constructing plank-built wooden boats (Ward Z004: 13). Beginning in
dynastic times, boat representations by the thousands decorate the tombs and fu­
nerary monuments of Egypt's royalty and elite. In times ofprosperity, these included
both elaborate boat models and full-size boats interred with the deceased, either
within or near the tomb and sacred enclosure (Ward zooo: 6-8). The earliest-known
examples are 14 wooden boats discovered in 1991 buried in mud-brick, boat-shaped
graves at the Early Dynastic enclosures at Abydos (O'Connor zo09: 185-194, with
earlier accounts in O'Connor '99', 1995; O'Connor and Adams ZOO1). Belonging to
one of Egypt'S First Dynasty kings, this fleet of boats represents the oldest planked
watercraft in the world (Ward zooo: 39). The only boat so far examined has a narrow,
shallow, crescent-shaped hull with rounded ends, flat bottom, and angled sides
(Ward zo06: 1Z5 fig. 7). Its hull is made from thick planks of local wood, probably

tamarisk, cut in joggled shapes and held togeth:r with woven straps lashed through
transverse rows ofY- and L-shaped channels (0 Connor 1991: 1Z; Ward Z003: 20-Z1).
While complete recordings of this and the other hulls must await full excavation,
the reported features are broadly defining and demonstrate, through their survival
in later funerary boats, a religious adherence to traditional forms and specific, even
standardized, methods (Ward zooo: 140).

One such descendant craft, discovered in '954, is the magnificent funerary
boat of Khufu, Egypt's Fourth Dynasty ruler responsible for constructing the Great
pyramid at Giza (AbuBakr and Mustafa '97': Jenkins 1980; Lipke '984, 1985; Nour
et aJ. 1960). The papyri form boat, like the pyramid, was a deliberate display ofcon­
spicuouS wealth and power. It is an elegant and complex vessel constructed from
almost 40 tons of imported Lebanese cedar and measuring over 43 m in length and
;.6 m in beam (Lipke 1984: z5, 97, IOZ). Like the Abydos boat, it has a flat bottom,
formed by eight symmetrically placed planks, and angled sides that continue the
planking symmetry (Lipke 1984: 104: Steffy '994: Z5). Builders first constructed the
hell of the hull from thick planks with elaborately joggled edges (see Lipke 1984:

66 fig. 4Z). They inserted hardwood tenon coaks between plank edges to align
them (Lipke 1984: z5, 64), and then tied the planks together at their ends and in
other strategic areas of stress with ligatures (Lipke 1984: 66 fig. 4Z; Mark 2009:
138-145)· Builders closed the seams by lacing ligatures-or woven straps (see Mark
2009: 138)-transversely from sheer to sheer over large, wooden battens and
through rows of V-shaped channels cut into the interior side of the planks, but
never penetrating their full thickness (Figure 16.1a). Edge mortises and lashing
channels are the same standard size as those in the Abydos boat (Lipke 1984: 78).

Builders stabilized the hull by installing deck-level through-beanlS notched into
the sheer strakes and trimmed flush with their outer surface (Figure 16.1b) (Lipke
1984: 107). They clamped the beams in place with notched longitudinal side stringers
lashed around the beams to hold-downs (Figure 16.1C) (Lipke 1984: Zl fig. 11). These
stringers provide much of the hull's longitudinal strength (Mark Z009: 147-148). A
central carling, notched along its upper face to fit up under the beams and supported
from below by stanchions resting on floor timbers, further buttresses the deck beams
and distributes hull stresses (Figure 16.1d-f). Builders lashed together the entire as­
sembly with ligatures (Lipke 1984: "9, 75 fig. 48, 123 fig. 73).

Another four funerary boats, discovered in 1894 buried outside the Twelfth Dy­
nasty pyramid of Senwosret III at Dashur (Arnold zooz: 106-107: de Morgan et aI.
1895: 81-83, pis. XXIX-XXXI; Ward zooo: 101-IOZ) have been recorded and studied
in detail (Creasman Z005; Haldane 1984; Ward zooo: 84-IOZ). Like the Khufu boat,
these vessels were built almost entirely of imported cedar (Ward zooo: 84-85), but
mdude many timbers fashioned from the recycled planking of other, larger ships
(Creasman zo05: 36, 130; Reisner 1913: 86: Ward 2000: 98-100; Ward and Zazzaro
200

9: 41). This practice is also documented in early New Kingdom dockyard records
(Glanville 1931-193Z). However, at only about 10 m long and Z m wide, the Dashur
boats are much smaller and beamier than the Khufu and Abydos vessels (Ward
2000: 84 table 8). Their hulls have a crescent shape and full, rounded sections
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Figure 16.1 Sketch showing various features of Egyptian hull construction: (a) transverse
lashings; (b) deck-level beams; (c) side stringer and hold-down; (d) central carling;

(e) stanchions; (f) floor timber; (g) composite frame and beam assembly; (h) massive
longitudinal timber. Drawing by the author. After Landstrom 1970: 29 fig. 86 and Ward

2000: 125 fig. 70.

throughout (Creasman 2005: 31 fig. 15,47 fig. 21, 89-90 figs. 39-40; Ward 2000: 86
fig. 37). They are built up from a thick central bottom strake consisting of planks
joined by superficial dovetail joints, and they have symmetrical sides, each with
three strakes and a gunwale. The gunwales replace the side stringers of Khufu's boat

as longitudinal stiffeners (Ward 2000: 102).
The hulls of these vessels differ from the Giza and Abydos examples mostly in

their edge joinery and lack of transverse lashing. Like their predecessors, the
Dashur builders used tenons between planks, but ones that are substantially longer
and more tightly fitted (Creasman 2005: 60-62, 102-103; Haldane 1984: 23-24;
Steffy 1994: 33; Ward 2000: 90). These are more than mere coaks; they not only
would have stiffened the hull longitudinally and prevented movement along seams.
but also would have contributed considerable transverse strength to the hull (Steff)"
1994: 33). The Dashur builders deviated as well by employing superficial dovetail
fastenings, rather than ligatures, to connect all seams, although they located them
in similar positions. These joints acted in concert with compression forces to hold
the planks together (Ward 2000: 101-102). To accomplish this, builders united the
sides of the hulls with deck beams notched between sheer strakes and gunwales,
fixed with square treenails and rope girders, and supported from below with stan'
chions (Creasman 2005: 53-56; Haldane 1984: 16-19; Steffy 1994: 33-35; Ward 2000:

86 fig. 37, 87).

Cheryl Ward (Haldane 1984: 98-101; Haldane and Shelmerdine 1990: 535-539;
Ward 2000: 93, 94-95 figs. 42-44) believes that the builders did in fact use ligatures
to tie the planks and that the dovetail mortises were originally dilapidated lashing
channels that nineteenth-century reconstructors modified and fitted with dovetail
tenons (Haldane 1996: 240- 241). However, the mortises would seem too narrow
and shallOW to have been lashing channels, and examples ofdovetail joints found in
boat timbers from Wadi Gawasis (see below) and their longtime use in Egyptian
carpentry (Creasman 2005: 11 n. 33, 122-123 fig. 37; Lucas 1962: 513; Ward 2000: 93)
suggest that they may indeed be original to the boats' construction.

Aside from recovered boat burials, excavations of ramps and causeways in the
vicinity of the Middle Kingdom pyramid of Senwosret I at Lisht have unearthed
more than 90 timbers of local tamarisk or acacia wood from dismantled boats
reused as construction material (Haldane 1988, 1992: 108-112 for timber catalog,
1996: 236-239; Ward 2000: lO8-lll). A majority of these timbers comes from
working vessels, so they provide evidence for hull construction in more mundane
craft. Most of the planks have joggled edges, though the size and shape of the joggles
vary (Ward 2000: 127 fig. 71). Fastening holes for tenons and ligatures are present in
the planks, penetrating only their inner surface and edges, never their exterior face.
The Lisht and Khufu builders used planks ofa similar and substantial thickness, and
both used ligatures to reinforce their assembly at points of stress. The Lisht boats
also had large tenons, like those from Dashur, which provided much of their longi­
tudinal and transverse rigidity. Additionally, the Lisht builders paired some mor­
tise-and-tenon joints within the thickness of planks, thus increasing the strength of
the edge joinery. In short, these vessels were sturdily built and probably were
designed to transport heavy freight (Ward 2000: 110-111, 114).

This is further and perhaps most strikingly demonstrated by a frame assembly
found among the timbers. The preserved portion of the frame consists of a curved
floor timber and a pair of futtock-like timbers attached to the floor's upper face
with mortise-and-tenon joints and lashings (Ward 2000: 120-121 figs. 65-67). The
outer faces of the floor and upper timbers, where they touch the hull, have notches
to accommodate planking seams fitted with battens, and three drilled holes indi­
cate that the frame was treenailed to the hull (Ward 2000: 119,120 fig. 65; note her
reservations about the treenails on 126). Ward has reconstructed the Lisht frame as
a vertical composite structure built up from floor timber to deck beam with suc­
cessive elements (Figure 16.1g) (Ward 2000: 125 fig. 70). The frame components
enclose a massive keelson-like timber (Figure 16.th) that would have provided
much of the hull's longitudinal strength and lowered the boat's center of gravity
(Ward 2000: 121-123). Composite assemblies like this would have formed a series
ofstout bulkheads designed to bolster and stabilize a heavily built transport vessel
and support heavy cargoes carried topside.

. The remains ofanother utilitarian vessel, abandoned during Egypt's Late Period
In the, mid-fifth century BCE, was unearthed and damaged by workers trenching in
~lroSMataria suburb in 1987. The hull has a rounded bottom similar to the Dashur

ats, but is slightly shorter and beamier (Ward 2000: 129). Its sycamore fig planks
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Seagoing Vessels
Beyond the banks of the Nile, Egyptian seafarers engaged in active trade along the
Levantine coast and in the Red Sea (Wachsmarm 1998: 9-38, 327). The earliest·
known depictions of obvious seagoing ships date to the Fifth Dynasty and decorate
the funerary temple of Sahure at Abusir and the causeway of Unas at Saqqara (Bor­
chardt 19'3: pI. 12: Hassan 1955: 139 fig. 2; Wachsmann 1995: 11). The depicted hulls
have crescent shapes, hogging trusses, and lashings or lacing running longitudinally
below the sheer strakes and vertically at the extremities. Seagoing merchant galleys
depicted in painted relief in Hatshepsut's New Kingdom mortuary temple at Deir eI
Bahri have similar constructional features, as well as through-beams protruding
along the side of one of the ships (Save-Soderbergh '946: 14 fig. 1). Ships employed
in Red Sea trade were built in the Nile shipyard at Gebtu (Koptos) and then disas­
sembled for transport across the eastern desert to the coast via the Wadi Ham'
mamat (Wachsmann 1998: 238-239: Ward 2000: 140). Recent studies and excavations
at Wadi Gawasis (Bard and Fattovich 2007: Ward and Zazzaro 2009) and Ayn

are irregularly shaped, and some have joggled edges. The vessel has a keel plank,
which reportedly protruded 1-2 em below the outer surface of the hull (Ward 2000:
131). But what sets this boat apart from all other known Egyptian craft is that its
builders used 2 em diameter pegs to lock the large mortise-and-tenon joints in the
planking assembly (Haldane 1996: 242; Ward 2000: 131). They did not peg every
joint, and preservation and recording are insufficient to confirm whether they
pegged tenons on both sides of a seam. Further complicating the picture is the fact
that the pegs apparently protrude through planks, rather than being trimmed flush
with their surfaces, and so might have been used to fix structural elements to the

hull (Ward 2000: 133-134).
Collectively, these hulls show a remarkable consistency in Egyptian boat­

building, while hinting at variability in design dictated by size and function
(Table 16.1). Thus, builders of the small Dashur boats forwent the transverse
lashings and frames that were so essential to the long and slender Khufu boat,
and offset their absence by enlarging the mortise-and-tenon joints. Similarly,
Lisht builders replaced beams and stanchions, like those in the Khufu and
Dashur boats, with stout bulkheads in order to support much greater loads. The
prudent use of short-length locally available woods and recycling of imported
timber speaks to the adaptability of Egyptian shipwrights and their methods to
economic and environmental conditions. The longevity of the basic characteris­
tics of Egyptian hull construction-thick planks not penetrated below the water­
line, joggled edges and coaks, battens and transverse lashings, stringers and
gunwales, a reliance on compression, and integrated beams-testifies to tbe
extraordinary success of this boatbuilding tradition. It is worth noting that sig­
nificant departure from these practices does not show in the archaeological
record until a late date, when Egypt was under heavy foreign influence (Ward

2000: 133)·
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khna (Mathieu 2004; Pomey in press; el-Raziq et al. 2006) testify to hull con­
St~uction methods and materials, and also to a well-organized industry for repair­
s dismantling, storing, and reusing ships and their hull timbers. The recycling of
lng, . < ·hh .th
;hi timbers either ,or use 10 ot er ulls, as seen 10 e Dashur boats, or for use as

Pstruction material, as at Wadi Gawasis and el-Lisht, demonstrates a frugalitycon
that attests to economic concerns and the value ofgood timber in Egypt, especially
imported conifers.

Hull planks, deck beams, and other timbers and fastenings found at these sites
reflect the same builcling tradition seen in Egyptian riverine craft, but with adapta­
tions for open-sea conditions. All hull planks are cedar, but with thicknesses of up
to 22.5 cm, they are much heftier than those on riverine vessels (Ward and Zazzaro
2009: 31-32). Builders relied on this robustness to strengthen their hulls against the
greater stresses encountered at sea. They further stiffened the shells of their ships by
doubling up mortise-and-tenon edge joints in the thickness ofplanks, much as they
did in heavy Nile freighters. However, builders ofseagoing vessels also had to deal
with the ravages of shipworms and other marine borers, and they may have pro­
vided for this with an additional, sacrificial thickness ofat least 5 cm between joints
aod the outboard surface of hull planks (Ward and Zazzaro 2009: 41). In typical
fashion, lashings through standard L-shaped channels reinforced stress points in
the planking. Here, however, builders fortified these connections by using a combi­
nation of copper straps and ligatures, which they firmly compressed and locked
\\;thin the channels with wooden wedges (Ward and Zazzaro 2009: 37, figs. 6 and
13). Deck beams seem stouter as well, thicker and wider than those of the Dashur
boats, but otherwise ofsimilar make (Ward and Zazzaro 2009: 31).

Ship timbers also include additional evidence for the use of dovetail joinery in
Egyptian hull construction. Part of a keel plank has two dovetail mortises cut into
Its inboard face, and excavators found at least eight loose dovetail-tenon fragments
made from local wood, probably acacia (Ward and Zazzaro 2009: 38 fig. 14). The
keel-plank mortises are located in similar positions as those on the central strakes
of the Dashur boats, and the tenons had all been chiseled or sawn into pieces and
forcefully pried free of their mortises, indicating that they were fitted tightly (Ward
and Zazzaro 2009: 37-38).

Particularly intriguing are five thin planks (2.5-4.2 cm) with small tenon coaks
(Ward and Zazzaro 2009: 30 tables 1 and 2, 33-34, fig. 8, 36-37). Paired ligature
holes, perhaps in rows running across plank widths, and what appears to be a tree­
nail hole between them resemble frame fastenings found on Greek laced boats (see
below), while the combination ofedge tenons and lashed frames evokes some com­
parison to the construction of two seventh-century BeE boats, possibly Phoeni­
cian, at Mazarr6n (see below).

Until recently, nautical archaeologists could only speculate as to how Egyptian
shipwrights built their seagoing ships. The construction of riverine vessels designed
10 transport heavy cargoes, including huge granite blocks, giant stone obelisks, and
other loads weighing many tons, offered clues as to how shipwrights dealt with great
Stresses in their hulls. But static loads, no matter how heavy, and the buffering forces
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THE LEVANT

of rough seas pose quite different challenges to planking joints, longitudinal stiff.
eners, and transverse framework. Ship timbers discovered along Egypt's Red Sea
coast testify to the viability of Egyptian riverine construction, with some mOdifica.
tion, for seagoing vessels. Several also provide tantalizing evidence for another can.
structional method that hints at a possible diffusion of technology between Egypt
and the Aegean or Levant. We therefore turn our attention northward now, to the
easternmost shores of the Mediterranean.
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hells and ostrich eggshells; Cypriot pottery; metal vessels; ritual faience drinking
~ups; luxurious carved ivory objects; seashell rings; beads of various designs and
materials; gold and sIlver Jewelry; a gold chalice; sets of pan-balance weights; an
assortment of weapons, tools, and fishing equipment; and sundry spices and food­
stuffs (Polak 1998: 193-210). Shipboard items and its enormously rich and diverse
cargo of raw materials and luxury goods indicate that the ship probably originated
from one of the ports in the northern Carmel coast, possibly at Tel Abu Hawam
(Pulak 2008: 299), and was almost certairIly engaged in a trading venture of royal
gift exchange (Pulak 1998: 220). A ship carrying such a cargo would rightly be
expected to epitomize the best available methods and materials of construction for

its day.
Three small sections of preserved hull include parts of the ship's keel, garboards,

and fragments of three port and seven starboard strakes (Polak 1999: 234 fig. 2).
Based on these remains and distribution ofcargo, the cedar-built vessel is estinlated
to have been about '5-,6 m long and 5 m in beam, and to have displaced approxi­
mately 34 tons (Lin 2003: 220, 224; Polak 1999: 210, 212). The vessel's builders began
with a rudimentary keel, or proto-keel, which they cut wider (sided 28 cm) than
high (molded 22 cm) (Figure 16.2a). It extended about 2 cm beyond the outer hull,
but protruded into the interior of the hull some 10 cm (Polak 1999: 215-216, 234
fig. 2). Unlike most Egyptian boats, which relied on a central strake or bottom flat
only slightly thicker than the garboards and planking, the Uluburun proto-keel was

Figure 16.2 Isometric reconstruction of the Uluburun hull remains: (a) proto-keel;

(b) pegged mortise-and-tenon joints. Drawing by W. van Duivenvoorde.

SHIPS AND SHIPWRECI(S

----

In comparison to the vast corpus of evidence for Egyptian boats and ships, their
construction, use, and sociocultural significance, knowledge of Near Eastern ships
and seafaring is miniscule. The earliest-known mention of Syro-Canaanite ships is
by Kamose (Seventeenth Dynasty) in his account of the capture of numerous Hyk.
sos vessels laden with rich cargoes of trade goods (Wachsmann t998: 39). Numerous
other texts document cities along the eastern Mediterranean seaboard that were
active in sea trade and provide information about the size of their fleets, inventories
of ship's equipment, and even general indications of ship sizes (Hoftijzer and van
Soldt 1998; Wachsmann 1998: 39-4', and additional bibliography therein).

The most detailed depiction of ships from this region is painted on the Theban
tomb of Kenamun, an administrator under Amenhotep JJl of the Eighteenth Dy.
nasty (Basch 1987: 63 figs. 111-112, 65 fig. 115; Daressy 1895; Davies and Paulkner
'947; Wachsmann 1998: 42-47). The scene includes a total of 11 ships with crescent·
shaped hulls, tall vertical ends, and wickerwork and post screens rurming the full
length of the sheer. A few strakes are delineated by seam lines, as are several pas·
sible butt joints. The only other construction features shown are a line of through·
beam ends protruding from the side of the hulls below the sheer strake, and what
appears to be a short run of lacing along the sheer at the bow of the ships. Typically,
however, such evidence is not only limited, its interpretation is also problematic
due to artistic factors. The lacing and through-beams, for example, may be Egyp­
tianizing elements introduced by the artist, and not necessarily true features of the
actual ships (Wachsmann 1998: 44; for additional examples of these features in
Egyptian craft, see Glanvilie and Paulkner '972: fig. '3; Landstrom 1970: figs. 64-72;
Ward zooo: 36, 73 fig. 26).

Archaeological evidence for Levantine ships is provided by scanty hull remains
from two Late Bronze Age shipwrecks excavated off the coast of Turkey. The older
of these wrecks, dated to 1320 BCE ±15 years (Polak 1998: 214; but revised in Man'
ning et al. 2009: 184), was discovered off Uluburun, near Ka~, on Turkey's south·
western Anatolian coast. Eleven seasons ofexcavation recovered a combined IllOns

ofcopper and tin ingots; 175 cobalt blue, turquoise, and lavender glass ingots; jars of
terebinth resin; African blackwood logs; elephant and hippopotamus ivory; tortoise
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a more massive timber that acted as a spine and provided a good deal oflongitudi_
nal stiffening (Pulak 1999: 217). Hull planking was thick (6-6·5 em) when compared
to later Mediterranean vessels. but not nearly as massive as that of Egyptian hulls
(Pulak 1999: 218). The preserved remains offer no evidence for framing. or any indi­
cation that builders used treenails. ligatures. or metal fastenings in assembling the
hull. However. nothing of the vessel's extremities survived. and the preserved por­
tions of the hull may not be long or wide enough to include frames or bulkheads Or
evidence for securing such structural elements to the planking (Pulak 1999: 215).

Builders joined the edges of their planks with large oak tenons (Pulak 1999: 237
fig. 5) and secured the seams by locking the tenons in their mortises with 2.2 ern
diameter oak pegs driven from inside the hull through the thicknesses of planks
and tenons (Figure 16.2b) (Bass 1989: 31 fig. 2; Pulak 1999: 212. 218-219. 232 table 1).
They cut deep mortises that extended well across the width of planks. and pOSi­
tioned them immediately adjacent to the nearest mortise cut from the opposite
edge (Pulak 1998: 211). In this manner the joints formed continuous lateral runs of
alternating paired tenons within the hull planking. The size and positioning of the
joints suggest that the builders intentionally designed them to act as internal
framing. perhaps in order to compensate for the lack of proper framing (Pulak
1999: 219-220). This construction must have proven sturdy. since the ship's crew
made no concessions for seams or planking scarfs-typically the weakest points in
a hull-when stowing heavy cargo within the hold directly against the hull (Pulak

1999: 218. 222-223)·
Supporting evidence for this construction comes from another Near Eastern

shipwreck. that of a possible Syro-Canaanite or Cypriot vessel excavated off Tur­
key's southern Mediterranean coast at Cape Gelidonya. and thought to have sunk
around 1200 BCE (Bass 1967: 50-5'; Pulak 1999: 214). Hull remains were minimal
but included a half-tenon with a hole pierced through its thickness. indicating that
the ship's builders had employed the same type of pegged edge joinery (Pulak 1999:

237 fig. 6).

Mazarron

The remains of two small vessels abandoned or wrecked in the late seventh century
BCE on Spains southeastern coast at Playa de la Isla. Mazarron. may help fill in some
of the evidential gaps left by the sparse hull remains from Uluburun and Gelidonya.
The two wrecks were discovered in a Phoenician context, although only the second
and better-preserved wreck was found with securely associated Phoenician material
(Negueruela 2004: 230. 235; Negueruela et aJ. 1995: 190-191. 2004). Virtually tbe
entire keel and a joining section of planking from one extremity of the hull survive
from the Mazarron 1boat (Negueruela 1996: 165). The keel is a single piece ofMedi­
terranean cypress that resembles the proto-keel of the Uluburun ship in its relative
dimensions (Negueruela 1996: 167. 2004: 237). The surviving end of the keel has a
~hort tongue tilat originally would have fit into a corresponding groove in the end
post (Negueruela 1996: 165. 167). The nine preserved hull strakes consist of pine

£ARL:::Y~S:H~'~P~B_U_'L_D_'_N_G__rN_T_H_E_E_A_S_T_E_R_N_M_E_D_'_T_E_R_RA:.::..N.::E:.:A.::N ..:3:.:::63

----
lanks joined end-to-end with diagonal scarfs and edge-joined with olive tenons
~ed in their mortises (Negueruela 1996: 165. 167; Ruiz 2008: 138). Plank edges are
beveled so that they form a shallow V-shaped recess along the inboard seams of the
strakes•somewhat reminiscent of the Khufu I planking (see Mark 2009: 151). Here.
small ropes or twists ofesparto grass lie within the recesses and are held in place with
small ligatures laced over the seams in a continuous. one-pass diagonal pattern
through holes predrilled along the sides of the planks (Negueruela 2004: 237;
Negueruela et aJ. 2000: 1673). Preserved "frames" are small fig branches that have
been trimmed of twigs or other protrusions. but otherwise left unshaped. They were
tied lightly to the hull with ligatures presumably made from esparto as well (Negueru­
da 1996: 167; Negueruela et aJ. 2000: 1673.2004: 467 fig. 13. 478).

Mazarron 2 is larger and better preserved; in fact. almost the entire hull is
intact. It measures 8·5 m long and 2.2 m at the beam. and has a sheer height of
some 90 em (Negueruela 2004: 235)· The keel is a single timber scarfed to stem
and sternpost with simple tongue-and-groove joints. From garboard to sheer
the vessel's sides have nine strakes that are only 1.9-2.3 em thick and are fas­
tened together with small. pegged mortise-and-tenon joints (Negueruela 2004:
247). These planks. however. have no edge beveling or seam wadding. Light fig
branches. 4-8 em in diameter and running athwartship from sheer to sheer. are
lashed to the hull interior every 40-50 em (Cabrera et al. 1992: 39; Gomez-Gil
Aizpurua and Sierra Mendez 1996: 219; Negueruela 2004: 249). Also spanning
the hull are seven benchlike thwarts that dovetail into the top of the seventh
strake. except for two in the stern. The hull is coated inside and out with pitch
(Negueruela 2004: 235-236).

Despite their importance. these two boats have yet to be recorded and studied
in detail. As is clear from their small size and low freeboard. these vessels were not
seagoing ships. Furthermore. questions as to their cultural designation remain.
These vessels may have been small lighters associated with the mining and silver­
founding activities at Punta de los Gavilanes (Mazarron) and the surrounding
areas (Aubet 2001: 339-340). In this light. the boats could be representative of in­
digenous watercraft. although some Phoenician influence might rightly be
expected. Certainly. tbey have similarities with the Uluburun vessel that suggest a
possible descendancy of their building method. Each of the vessels has a proto­
keel. but in the Mazarron boats. the proto-keel only projects outward from the
hull. as the garboards are set flush with its inboard face. The vessels all rely on
pegged mortise-and-tenon joinery to fasten strakes and secure seams. However.
the Mazarron hulls have much thinner planking and much smaller and more
WIdely spaced joints. and adjacent joints are not paired as in the Uluburun ship. In
all aspects. the Mazarron construction is much less substantial. The use of seam
wadding and the diminutive frames is curious. The latter seem more suited to
cargo stowage for protecting the hull. and would have added little if any strength to
the vessel's structure_ In this regard they resemble the heavier branches ofdunnage
hUd athwartship in the Uluburun hull (Pulak 1998: 197). What is certain is that
bUilders assembled these hulls using pegged mortise-and-tenon joinery and not



»

SHIPS AND SHIPWRECkS

----
lacing, which they employed simply as tie-downs. For a shipbuilding tradition in
which shell planking was laced together, we move now to the Aegean.

THE AEGEAN
...................................................... H .

No direct evidence for early seacraft in the Aegean exists until the Bronze Age
(Wachsmann 1998: 69). Enigmatic, mostly ceramic vessels, known by archaeolo.
gists as "frying pans" because of their unusual shape, have been found at sites
throughout the Aegean and on mainland Greece and Anatolia (Coleman 1985: '91­
193). The flat surfaces of at least a dozen examples from Early Cydadic II tombs on
Syros are decorated with incised illustrations of ships (Basch 1987' 80-81 figs. '59­
167: Casson '995: 30-3'; Coleman 1985: '9'-'93, 199 ill. 5)· The ships have one high
extremity and a lower end that is angled upward slightly and has a short, horizontal
projection. Some of the vessels are shown with vertical lines or a zigzag pattern
along their hull, which may suggest laced or lashed construction (Basch 1987: 47, 86;
Wachsmaon 1998: 14). Similar ships would seem to be depicted by an Early Minoan
I-II terracotta model found at Palaikastro in Crete (Basch 1987: 83 figs. 170-171;
Evans 1964: 240 fig. '37; Wachsmann 1998: 7'-73, 75 fig. 5.9), and three contempo­
rary lead models from Naxos, though the latter have no stern projection (Casson

'995: 4'-42; Renfrew 1967: 5; 1972: 3,8, 356-357, 358 fig. '7·7 and pI. 28, 3 and 4:
Wachsmann 1995: '3, 1998: 69-70). Archaeologists have long debated what sort of
early Aegean vessel is depicted, what function the horizontal projection served, and
even which end of the craft is the bow and which the stern (e.g., Basch 1987: 84-85;
Casson '995: 4'-42; Coleman 1985: '98-'99: johnstone 1973: 6-11: johnstone 1982;
Renfrew 1967' 5: 1972: 355-358; Roberts 1987: Wachsmann '995: 12-14, 1998: 70-71).
The latter question would seem to have been answered when excavations at Alaotiri,
on the island of Thera, revealed a magnificent wall fresco that contains the mosl
detailed portrayal yet found of Bronze Age Minoan ships (Marinatos 1974: '9-3

'
, pI.

2: Wachsmaon 1998: 86-99: for varying interpretations of the Thera ship scene and
the vessels depicted, see also Raban 1984: Giesecke 1983; Wachsmann 1980). All of
the boats portrayed in procession are fitted with a horizontal projection at their

stern.
Unfortunately, no vestige of any early Aegean ship has yet surfaced in the ar·

chaeological record. To date, the earliest-in fact, only-pre-classical Aegean ship'
wreck to be excavated and studied by nautical archaeologists is that of a modest
trading vessel, probably East Greek, that sank around 570-560 BCE at Pabu, Burnu,
a small promontory on the southwestern Turkish coast just east of Bodrum (Greene
2003: Greene, Lawall, and Polzer 2008; Polzer 2004, 2009a). Six fragmentary planks
are all that remain from its hull, but these preserve a surprising amount of evidence
for the vessel's construction (Polzer 2009a, 2009b). Most prominently, the hull com'
ponents were joined with ligatures laced along planking seams and lashed around

'f SHIPBUILDING IN THE EASTERN MEDITERRANEAN
""RL--. eS. Interpretation of the preserved features is facilitated by evidence from
l'":nd the physical confines of the Aegean, in areas of Greek colonization and
helde where archaeologists have excavated the remains of five Archaic Greek ships
:thave similar joinery and construction techniques. In chronological order, these
include shipwrecks at Giglio (Italy, 600-580 BCE) (Bats 1996: 577: Bound 1985,
1 la, 1991b: Bound and Vallintine 1983; Cristofani 1996: 21-48: see Mark 2005:
::-42 for discussion of the vessel's origin), Bon Porte (France, circa 540-510 BCE)
(Joncheray 1976; Kahanov and Pomey 2004: Liou '974, '975: 595-597: Pomey '981,
1995, '999a, 2001, 2002a, 2002b, 2003: 14; Pomey and Long 1992: 192), Cala Sant
Vicen, (Majorca, 520-510 BCE) (Nieto and Santos 2009; Nieto et al. 2002, 2004,
2005), Place Jules-Verne (wreck 9, Marseille, circa 525-510 BCE) (Pomey '995,
1999a, 2001, 2002b, 2003), and Gela (wreck " Sicily, 500-480 BCE) (Panvini 2001a).
The construction features preserved in the hull remains from these wrecks are re­
markably consistent in make, form, materials, and application, demonstrating in
their totality a clearly definable shipbuilding tradition (as per Prins 1986: 23-24)­
in this case, a Greek tradition (Table 16.1).

Construction evidence from five additional Greek shipwrecks, spanning the late
sixth, fifth, and fourth centuries BCE, indicates that a major technological shift oc­
curred in Greek shipbuilding that transformed Archaic laced construction into the
so-called Graeco-Roman building tradition, exemplified in the well-preserved hull of
the Kyrenia ship (Cyprus, 295-285 BCE) (Steffy 1985, '994: 42-59). The evidence
comes from the hull remains of the Place jules-Verne 7 (Marseille, circa 525-510 BCE)
(PomeY1995, 1999a, 2001, 20ozb, 2003), Cesar I (Place Villeneuve-Bargemon, Mar­
seille, 5'0-500 BCE) (Pomey 200t: 429-430), Grand Ribaud F (France, 510-490 BCE)
(Long et al. 2001; Long, Gantes, and Drap 2002; Long and Sourisseau 2002; Pomey
and Rival 2002), Gela 2 (450-425 BCE) (Panvini 200lb), and Ma'agan Mikhael (Israel,
410-390 BCE) (Kahanov and Linder 2004; Linder and Kahanov 2003) wrecks. Ship­
wrecks at Tekta~ Burnu (Turkey, 440-425 BCE) (Carlson 2003; van Duivenvoorde
forthcoming), Alonnesos (Greece, 420-400 BCE) (Hadjidaki 1996; Mantzouka
2004), and Porticello (Italy, 400-385 BCE) (Eiseman and Ridgway 1987: Lawall 1998)
can also be included for the sake of completeness, although they have provided very
little in the way of hull remains, due to poor preservation or incomplete excavation.

Ancient Greek shipwrights began building their hulls by first laying down the
ship's spine, which they formed by joining keel to stem and sternpost using keyed
box-scarfs, a particular hallmark of this building tradition (Pomey '997a: 195).
Small, rectangular (almost square) keels generally proportional to a vessel's length
appear to have been the norm, as did rounded hulls.

Greek shipbuilders predominantly utilized pine in their hulls, as the wood was
readily available, strong, durable, resistant to rot, and easily worked (Steffy '994:
258- 259). They connected planks end-to-end with diagonal, three-planed (2), or
curved (5) scarfs to form long, continuous strakes that generally ran from stem to
~Iernpost. Like their Egyptian counterparts, they staggered scarfs so as not to locate
)Olnts in adjacent strakes next to one another. However, they used much thinner
planks than Egyptian and Near Eastern builders. This probably was not predicated
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on the choice of joinery. as some have suggested (e.g.• Mark 2005: 58-59. 62). but
more likely was the product of how shipwrights conceived and approach the Con_
struction of their hulls. Within Greek shipbuilding itself. laced hulls could have
planks as thick or thicker than mortise-and-tenon-joined planks. Hull dimensions
and planking thicknesses indicate that the latter were related more to the size of a
vessel than to the type of edge fastening employed (Polzer Z009b: 98-102).

The two essential elements of Greek laced joinery are ligatures and WOOden
coaks. Much as in Egyptian lashed joinery. coaks served the dual purpose ofalign_
ing planks during construction and. more importantly. reinforcing the seams to
help prevent longitudinal slippage between strakes. Greek builders traditionally
used cylindrical dowels (typically about 12 cm long and 1.0-1.5 cm in diameter) in
laced hulls. which they centered within the thickness ofplanks and staggered across
their sides (Figure 16.3a) (Bound 1985: 55; Joncheray 1976: 28; Pomey 1995: 471).
However. the Pabu~ Burnu (Polzer 2004: 111-1l3. zo09a: 31) and Cala Sant Vicen,
(Nieto and Santos 2009: 27 fig. 22. 51) builders employed small hardwood tenons for
coaks. while those responsible for the Gela 1vessel inserted both dowels and tenons
(Panvini 2001a: 21. 22 fig. 13. z5 fig. 20. 26 fig. 22). The Pabu~ Burnu coaks represent
the earliest archaeologically attested use of tenons in Greek shipbuilding.

The lacing system developed by the ancient Greeks was unique in its use of
tetrahedral notches in conjunction with oblique ligature holes. seam wadding.
and locking pegs (Polzer 2009a: 30; Pomey 1999b: 150). Builders first chiseled

I I I f
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Figure .6.3 Hull construction features of typical Archaic Greek laced ships: (a) dowel
coaks; (b) tetrahedral notches; (c) oblique ligature channels; (d) seam wadding;

(e) double-helical lacing; (f) ligature pegs; (g) made-frame floor timber. Drawing
by the author. After Pomey 1997b: 92.

small tetrahedral notches along each inboard side of a plank. close to the edge
(figure 16.3b). Using the notches as guides. they drilled a small. angled hole from
the base of each notch through the thickness of the plank to the outside corner of
the seam edge. The holes in one plank matched up with those in the adjacent plank
10 form a line of V-shaped lacing channels along the seam (Figure 16.3C). The
notches also reduced the severity of the angles around which the lacing bent. which
in turn reduced stress and wear on the ligatures (Polzer 2009b: 128-129). Addition­
ally. they oriented the diagonal lacing turns across the inboard seams and kept the
ligatures in proper alignment (Pomey 1995: 474. 1999b: 150). which helped distrib­
ute the resistance from the diagonal lacing evenly to the lateral and longitudinal
loadings of the joint.

Shipwrights laid a strip of flax or other fibrous wadding along the inboard seam
between the two lines of notches and laced a length of ligature through the holes
and over the wadding. securing both wadding and seam (Figure 16.3d) (Pomey
1999b: 149. 150 n. 3; Nieto and Santos 2009: 54-55. fig. 47). Such wadding likely
would have been ineffective at stopping a seam. Rather. it made it easier to maintain
uniform tension on the ligatures when lacing multiple turns through a hole (Foer­
ster Laures 1989: 266-267). and it provided a softer and more rounded surface over
which to cinch the lacing taut. In this way. it acted much like a spring washer over
which a nut is tightened.

Builders laced ligatures across the seams of their boats in a symmetrical double­
helical pattern that produced at least one pass of the ligature between each hole and
the three opposing holes in the adjacent plank (Figure 16.3e) (Nieto and Santos 2009:
27. fig. 22.6. 55-57. figs. 49 and 51). Ligature turns oriented perpendicularly to the seam
joined the strakes and kept the seams from opening. The diagonal turns. on the other
hand. helped to connect the strakes (as joints). but also to prevent them from moving
longitudinally against one another (as stiffeners) (Polzer 2009b: 131-136).

Once builders had laced two strakes together. they drove tapered pegs into the
lacing holes until they would go no farther. and then trimmed the pegs flush with
the inner surface of the plank (Figure 16.3f). The primary function of the pegs was
to lock the ligatures in their holes. which allowed the stretched parts of the lacing to
be loaded to their breaking point (Coates 1985: 14). The pegs effectively isolated the
ligature segments ofeach turn and created three independent "joints" between each
pegged hole. This prevented the loosening of unloaded ligatures (due to flexing of
the hull. wear. or breakage) from spreading to the loaded parts of the lacing and
causing the lacing as a whole to slacken. In this way. the pegs enabled symmetrical
helical lacing to resist shearing forces between planks. which otherwise it could not
(Coates 1985: 17).

Greek builders strengthened their hulls transversely with internal framing
comprised of preassembled "made-frames" (Figure 16.3g) alternating with top-tim­
bers (Pomey 2003: 62 fig. 11.8). They fashioned the frames by connecting a single
fUllock to each end of the floor timbers using hook scarfs fixed with treenails. With
Wide. rounded inner surfaces and narrow outer surfaces notched over planking
seams. the frames were ideally suited morphologically for lashing and for protecting
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seam joinery (Pomey 1997a: 195, 197 fig. 5). Between the frames and higher up the
sides of the hull, shipwrights installed top-timbers with more rectangular sections.
They both lashed and treenailed these to the planking, since ligatures alone are not
particularly well suited for holding timbers in vertical positions (Polzer 2oo9a: 31;

Pomey 1999b: 152).
The final step in completing the lower hull was paying the interior with a coating

of pine tar, a common practice that continued throughout antiquity (Casson 1995:
211-212; Polzer 2009a: 31). The main function of the tar was to protect the interior of
the hull and especially the exposed joinery elements-ligatures, wadding, and
pegs-from seawater, condensation, and the elements, which could cause rot and

jeopardize seam integrity.
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CONCLUSION

)ules-Verne 7 (last quarter of the sixth century BCE) has provided evidence for
pegged mortise-and-tenon joinery, and none later than Gela 1 (first decades of the
fifth century BCE) has yielded full laced construction.

Faulty seam joints, cracked planking, and the inability to apply the new joint to
making repairs or to closing hull extremities testify to the newness ofpegged mortise­
and-tenon use in Greek shipbuilding and the novice proficiency of its practitioners
(Polzer 2009a: 33; Pomey 1999b: 151, 1995: 478-479)· Furthermore, the retention of
made-frames, with their particular laced morphology, and the reversion to traditional
laced-construction techniques in problematic areas of the hull confirm that these
builders were working within the same tradition (Polzer 2009a: 34-35). The use of
tenon coaks instead of traditional dowels in the Pabw; Burnu and Cala Sant Vicen~
bulls may represent the first, critical step in this transitional process. Due to their
shape, cylindrical dowels could not easily be pegged and therefore would not likely
have evolved to take the place of lacing in edge joinery. The wider, flat tenon, on the
other hand, was perfectly suited for pegging. This simple modification paved the way
for pegged mortise-and-tenon joinery to evolve from and replace pegged lacing in
Greek shipbuilding (Wachsmann 1998: 241). The gradual transition from dowel coak
to tenon coak to pegged-tenon joint, along with supporting modifications to other
construction features not attested in Near Eastern or Egyptian ships, strongly suggests
a natural development of pegged mortise-and-tenon construction within the Greek
tradition (Polzer 2oo9a: 34-36, 2009b: 159-174) rather than the wholesale importation
of a foreign-most likely Phoenician-technology that many scholars suppose (Bass
1006: 14; Kahanov and Pomey 2004: 24-25; Mark 2005: 35, 67-68; Pomey 1997a: 201).

As the Archaic period ofGreek history came to a close, so too did an Aegean tradi­
tion of building boats with ligatures whose roots probably stretched back to methods
used by Stone Age obsidian traders, and perhaps even earlier ones. Greek shipwrights
incorporated pegged mortise-and-tenon joinery into their construction at the begin­
ningofclassical antiquity and would adapt, modify, and perfect their techniques to take
advantage of the strengths of the new joinery. All of the basic features resulting from
these changes can be seen in the Kyrenia ship, by the end of the fourth century BCE.

AU shipwrights in early antiqUity constructed the hulls of their boats and ships by

first building up a shell of planks, fastened together with some form of edge joinery,
and then stiffening and reinforcing that shell with various forms of internal struc­
ture. The planking shell formed a watertight skin that enabled the boat to displace
Water and float, while bearing its own weight and that of crew, passengers, and all
SOrts ofcargoes. The watertightness ofsuch hulls was dependent primarily upon the
strength of the planking joints and on the amount of relative movement between
adjacent planks (Coates 1985: u). The bending moment and tensile forces acting on
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Construction features evidenced in two shipwrecks from Marseille (Jules-Verne 7
and Cesar 1) and those at Grand Ribaud, Gela (wreck 2), and Ma'agan Mikhael attest
to a major shift in Greek shipbuilding in which pegged mortise-and-tenon joints
and metal nails replaced pegged ligatures in hull joinery (Polzer 2009a: 33; Pomey
1997a). The builders of these vessels joined hull planks with mortise-and-tenon
joints locked on both sides of the seam with wooden pegs driven perpendicularly
through plank and tenon, and they attached frames with double-clenched copper
nails driven from outside the hull (Table 16.1). Some pegged lacing is still present,
but builders used it only to close and reinforce the end assemblies at stem and stern
and to make repairs. In testament to their conservatism, builders continued to
shape frames in the traditional manner even though it served no purpose, since
they no longer lashed frames to the hull (Benini 2001: WI, 153 pIs. XXXVI-XXXVII;
Kahanov 2003: 88-95; Kahanov and Pomey 2004: 17; Long et al. 2001: 39-40; Pomey

2001: 430).
No full and convincing explanation for why this change occurred has yet been

given, but it likely involved the growing transport of bulk cargoes in amphoras, the
development of the Greek trireme, and a rapid buildup of state-supported naval
fleets during the sixth and fifth centuries BCE (Mark 2005: 63-69). Mortises and
pegged tenons were stiffer joints that were less vulnerable to wear and damage than
pegged lacing and allowed for construction of stronger and more durable hulls

(Polzer 2009a: 35-36).
The three Marseille wrecks, one (Jules-Verne 9) built in the traditional laced

method and two (Jules-Verne 7 and Cesar 1) constructed with the new joinery, are
particularly serendipitous. They prOvide a close approximation of the date when the
new joinery was adopted into Greek shipbuilding, and indicate that the change was
sweeping, being incorporated into fishing boats and seagoing trading vessels alike
(Pomey 1997a: 198, 2001: 431). A similar scenario is presented at Gela, where tWO
ships of comparable size and carrying similar cargoes, but separated chronologt·
cally by half a century, were built using the two different types of hull joinery.
The change seems to have been comprehensive: no Greek shipwreck earlier than
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a vessel's hull can cause hogging and open seams and are directly proportional to the
hull's length and weight. The ancient seafaring cultures of the eastern Mediterra.
nean each developed their own unique set of solutions to address these problems

and create elegant, sturdy, and capable boats and ships well suited to their environ.
ments and intended purposes. Egyptian builders constructed vessels represented by

Coates's (1985: 11-13) "boats witil massive planks" model, wherein much of the hull's
strength came from the thick, joggled planks themselves. Coaks and ligatures, trans·
verse lashings and battens, side stringers and gunwales, and deck-level through.

beams formed the compatible joinery and supporting structure necessary to ensure

durability and watertightness (Coates 1985: 11). Near Eastern shipwrights built With
thick planks as well, but relied more on massive internal mortise-and-tenon joints
locked with wooden pegs to both close seams and fortify the hull. Their Aegean

counterparts built vessels with smaller and more flexible planks joined with contino

uous, longitudinal lacing (Coates 1985: 15-18). Coaks, wadding, pegs, made-frames,
and top-tinlbers all worked in concert to maintain seam integrity and strengthen
the hull while still keeping it appropriately flexible. The ways in which these dif·

ferent builders conceived, designed, and constructed their watercraft-the materials
they chose, the tools they used, and the techniques they developed-were all prod­

ucts of a unique coalescence of cultural, environmental, and economic circum­

stances. Nevertheless, it was the skill, experience, and ingenuity of the shipwrigbts
themselves that, above all else, was the final and determining factor in the process.
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CHAPTER 17

THE SEAFARERS

AND SHIPWRECKS

OF ANCIENT GREECE

AND ROME

DEBORAH N. CARLSON

INTRODUCTION

CLASSICAL archaeology, which comprises the study of the ancient Mediterranean's
two greatest cultures-the Greeks and Romans-embraces several related disci­
plines, Including art history, history, philology, and philosophy. The result is a sym­
biotic but delicately balanced and at times precarious relationship between the
textual, visual, and material evidence. Some examples of a maritime nature: the
classical scholar can draw on no substantive archaeological evidence for either pi­
racy or grain cargoes, two issues ofenduring historical consequence for the ancients,
and there are almost no textual descriptions, much less discussion, of ancient ship
construction technology; this knowledge has come exclusively from archaeological
remains. Ancient warships, by contrast, lie somewhere in between, with virtually
no direct physical evidence that predates the first millennium, but a considerable
amount of information in illustrations, inscriptions, and literary sources. The
reader is cautioned, therefore, that much of the relevant data regarding Greek and
Roman seafaring lies outside the realm of archaeology and thus outside the focus of
the present contribution. There are, however, a wide range ofexcellent publications,
ranging from indices (Illsley 1996; Parker 1992) and sourcebooks (Meijer and Van
N'fI) 1992) to histories (Bass 1972, '975; Blackman 1973; Du Plat Taylor 1965),




