LEAD HULL SHEATHING IN ANTIQUITY

Thin exterior sheathing of lead is a relatively common feature of ancient
shipwrecks in the Mediterranean. It normally consists of large sheets, one to two
millimeters thick, laid over some sort of fibre impregnated with resin or pitch and
held in place by copper tacks in a characteristic “quincunx” pattern. It has been
suggested, perhaps on analogy with the development of copper bottom sheathing
in the 18th century CE, that ancient hull sheathing was intended to protect the
underlying wood from attack by marine borers, such as the mollusc Teredo navalis,
and other destructive sea life.2 Such protection would certainly be useful in the
Mediterranean, where wooden vessels have exceptionally short working lives,
even with modern anti-fouling paints and preservatives. Metal could provide a
barrierto such organisms, and, indeed, was eventually chosen as the most effective
means of preserving modern wooden vessels travelling to the even more destructive
tropical waters of the West Indies.3 Alternatives to metal include the use of light
wood sheathing, which could be stripped off and replaced before infestation
reached structural timbers.

Carefulexamination of the way lead sheathing was used in antiquity suggests
thatthe primary purpose was not, in fact, protection againstborers. Where sheathed
hulls have been sufficiently preserved, the lead (or evidence of it) usually extends
well above the waterline, generally to the limits of preservation.4 Borer protection
is not needed on most of the topsides, and modern copper sheathing stoppedjust
above the load waterline. More importantly, several of the sheathed hulls seem
to have been poor candidates for this sort of protection. The Kyrenia ship was
already old and teredo-riddled when it was first sheathed in lead,> and the Nemi
barges were employed on a freshwater lake with no navigable connention to salt
water, and thus no shipworm.

Surely protecting aworn-out, infested hull such as the Kyrenia ship was false
economy; could sheathing be reasonably expected to extend the life of timber
already seriously deteriorated? |t has been suggested that the Nemibarges were
covered in lead because they were imperial state vessels and as such should
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have reflected the best techniques of Roman shipwrights, whether appropriate
or not.8 While | am not qualified to interpret Roman attitudes towards conspicuous
consumption, many construction features on the Nemi barges indicate that they
were not typical of Roman commercial shipbuilding. The framing system, if system
it is, is unique in the ancient Mediterranean and must have been a deliberate
solution to the problems presented by the wide, flat fioors of these immense
vessels. Similarly, the heavy spikes used as edge fastenings in the planking and
iron strapping in the deck structure are quite clearly responses to the peculiar
requirements of floating pleasure palaces rather than examples of contemporary
deepwater practice. Nevertheless, while the vanished upperworks of these hulls
were the height of extravagance, there is nothing frivolous or superfluous about
the underwater structure that supported them. Should there not be amore rational,
practical explanation for lead sheathing on the Kyrenia and Nemi vessels? What
need do they share that lead might satisfy?

All three must have leaked quite badly. As vesseis age, the timbers work
against each other, compressing and wearing adjoining surfaces. Joints and
seams become loose, and more and more caulking is required between the planks.
Forlargervessels, the problem is exacerbated by the greater difficulty in providing
adequate initial stiffnessin long, heavy structures made of elastic materials (such
aswood). The trials of the replica Kyrenia It have shown that when new, the Kyrenia
ship was quite watertight,” but the soft, worn-out hull of the Kyrenia ship as
excavated was probably well past the point where plank swelling and mortise and
tenon joints could keep all the seams watertight. The Nemi barges, because of
their sheer size and weight - they must be two of the largest mobile wooden
structures builtin the ancient world - must have been nearly impossible to provide
with much stiffness. Large Roman seagoing ships, such as the Madrague de
Giens wine carrier, used complex curvatures and deep sections to create a box-
girder effect within the hull, increasing the overall strength and stiffness of the
structure, but the relatively shallow, flat shapes of the Nemi barges add little to
overall rigidity, which must then depend on the properties of the materials and
the fineness of the joinery. The barges have extraordinarily large mortise and
tenon joints in the planking, plus the heavy iron spikes mentioned above, but
working and leaking must have been a problem even when new. Fortunately, a
small inland lake does not usually produce the waves and extreme ditferential
hull stresses that the open sea does.

Mortise and tenon joints are effective at keeping the seams closed in new
construction, at least in smaller vessels such as the Kyrenia ship, but they also
discourage the use of driven caulking between the planks when the hull starts to
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leak. While there is written evidence of driven caulking in the later Roman period
(see below), careful examination of several Hellenistic and earlier Roman hulls
has failed to produce any evidence of caulking in the seams.8 Seam caulking, in
the form of resin-impregnated fiber, has been found on a late (4th century CE)
Romanvessel, Port-Vendres |, butitis not apparent from the published information
whether the caulking was driven in after planking or laid between planks during
construction.? If caulking cannot be driven into the seams, it must be applied to
the surface of the planking, either outside or inside. Many excavated hulls, both
sheathed and unsheathed, display evidence of extensive coating with resinous
products on the interior, either as bedding under the frames or as acomplete coat.
Whether this was done to keep seawater outside or to prevent the interior of the
hull form absorbing rain and bilge water, which foster rot, it is difficult to say. Pitch
coatings on the outside must be for caulking, as they are certainly not antifouling.

Lead is extremely effective for sealing joints and seams, as it is malleable
enough to be beateninto and around lumpy, irregular contours with ease. It was
widely and cheaply available in the ancientworld and could be had in large sheets
of uniform thickness. 10 It has been a common material for roofing, flashing, and
marine patching from classical times to the present. The earliest evidence of
the use of sheet lead on a ship’s hull is from the Porticello shipwreck, which
dates to the 5th century BCE. The excavation produced several narrow strips
of lead sheet with tack holes; these strips have been interpreted as seam
patches.!

Unlike medieval cathedral roofing, lead sheet in marine usage does not
usually form the watertight barrier itself. It is normally laid over some sort of resin-
impregrated fiber, such as woven cloth, felt, fur, or leaves. The lead limits ingress
of water to the seams between sheets, but it is the resin that actually displaces
water. The lead serves to hold the tarred fiber in place and protect it.’2 Lead may
also have performed an anti-fouling function, as bare pitch collects all sorts of
floating trash.13 Hardening agents may be added to the resin to reduce tackiness,
but if they make the compound brittle, they greatly reduce the effectiveness of
the caulking, which should give with the swelling and shrinking of the wood.

The Kyrenia ship was first sheathed when old and already infested. While
this makes little sense if the lead was to protect against borers, it is a practical
way to squeeze a few more stadia out of a tired, leaking hull without extensive,
uneconomical repairs such as major replanking or structural reinforcement. One
might think of it as patching expanded to cover the entire hull. Worm protection
well above the load waterline also makes little sense, but caulking is needed quite
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high in the ship to accommaodate rolling, heeling, pitching, and heavy seas, all of
which put substantial portions of the upperworks under water.

The concept of sheathing as expanded patching suggests that it was first
applied to old, decaying ships, but there is ample evidence that it was eventually
used as part of new construction. The Marsala ship, from the mid-3rd century
BCE, seems to have been quite new when it sank, but was completely sheathed. 4
If, as Honor Frost suggests, the ship was built in wartime haste, > a thorough
caulking job might be a more economical use of labor and time than precise fitting
of seams. Large vessels, such as the Madrague de Giens ship, might also profit
from lead sheathing as part of original construction. Sheathing could well be an
economical alternative to the massive structures necessary to assure sufficient
rigidity and limit working. Note that the immense ship built for Hiero of Syracuse
in the 3rd century BCE. was equipped with lead sheathing when new.'® This is
not to say that ships were built “soft” or sloppily and that caulking covered a
multitude of sins, but that sheathing was a practical sotution to problems encountered
in the construction of large vessels. Alternatively, one could say that a larger ship
is susceptible to leakage earlier in its working life than a smaller one and thus
should be sheathed earlier; thus it follows that eventually, a large enough ship
should be sheathed before launching. The double planking found on some large
Roman merchantmenfrom the 2nd and 1stcenturies BCE may alsobe aresponse
to the same problem?’.

Itmay seemthat adense substance, such as lead, placed around the perimeter
of the hull could serve as a form of external ballast.'8 In fact, the ballasting action
of lead sheathingis minimal. First, the total weight of sheathing is retatively small.
Richard Steffy has calculated a total sheathing weight of under 1200 kg for the
Kyrenia ship, of which about 200kg is the weight of the copper tacks used to hold
the lead sheetstothe hull.’® This represents less than four percent of a total loaded
displacement of thirty-two metric tons.20 As the sheeting used varies little in
thickness for a wide range of hull sizes, and larger vessels have less surface area
per unitof volume (andthus less surface area per unit of displacement), the weight
of sheathing as apercentage of total displacement actually decreases with increases
in ship size. One could thus reasonably expect the sheathing of a vessel the size
of the Madrague de Giens ship to represent considerably less than four percent
of the total weight of the ship, despite the slightly greater thickness of the lead
commonly found on larger vessels. Second, the even distribution of weight around
the perimeter and above the waterline negates much of any ballasting effect. To
be effective as ballast, dense material must be concentrated low in the hull, well
below the center of gravity. An appreciable amount of lead sheathing lies beside
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or above the center of gravity, cancelling out the ballasting effect of much of the
sheathing below. In the end, only a small part of a relatively small total sheating
weight has any effect on the stability of the ship.

Although lead sheathing has a long history in the ancient world, it can only
be said to have been really common in the Hellenistic/Republican period. The
earliest excavated example is from the Kyrenia ship, at the end of the 4th century
BCEZ2! Earlier hull remains are unsheathed?22 or only patched.23 Most of the
excavated ships from the 4th and 3rd centuries BCE. in the Mediterranean and
Black Seas exhibit evidence of sheathing,?4 but from the 2nd century BCE onward,
sheathing is less common and disappears from the archaeological record by the
end of the 1st century CE. The latest securely dated evidence is from the Nemi
barges, of the mid-1st century CE25 but there are deepwater vessels that may
have been sheathed and may date to the same period.26 The apparent abandonment
may only be a fluke of preservation and excavation - the “canon” of well-documented,
dated ancient wrecks is notably biased toward the centuries BCE, with virtually
no securely dated hulls from the 1stcentury CE - but the general trend does seem
to be away from lead sheathing.2’ If it was succesful enough to warrant widespread
use in Hellenistic and Republican times (and perhaps into the early Empire), we
must ask what changes in shipbuilding or ship-owning conditions fed to its
abandonment.

The simplest explanations are the development of more effective caulking
methods, or a significant rise in the cost of lead. The latter is the easiest to
discount, as lead was a cheap and plentiful material throughout the Roman
period. Short-term fluctuations in the price of lead are to be expected, but other
products that contained large amounts of lead, such as plumbing and anchors,
do not seem to have abandoned it in the same period.28 The exploitation of new
mines in Spain and Britain probably led to along-term drop in price, if anything.2°
The development of alternative caulking methods is attested by some of the
written sources. Pliny and Vegetius both mention the use of wax in pitch-based
huil coatings, and these mixtures may have been less tacky and more durable
than pitch alone.30 Certainly there is archaeological evidence for pitch or pitch-
based coatings on both the interior and exterior of unsheathed hulls. More
importantly. Pliny directly mentions the use of beaten reeds for caulking interiecta
navium commissuris(“insertedin the joints [seams?] of ships”) in the 1stcentury
CE31Strabo, however, describes the caulking driveninto the seams of the heavy
ships ofthe Venitiiin such a way that implies that such constructionwas contrary
to Mediterranean practice.32 Driven or clamped seam caulking has been a
characteristic of northern European craft since the Bronze Age, so it is at least
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possible that the concept was imported into the Mediterranean after the Roman
conquest of the northern rivers. The Port Vendres | vessel shows that driven
caulking may have been in Mediterranean use by the 4th century CE33. Still, lead
remained the preferred material for a multitude of terrestrial and marine
waterproofing jobs, such as patching ieaks, cappign exposed and grain and
sealing repairs, throughout the Roman period and into our own times.34 It is
difficult to imagine that an unprotected surface coating could be superior in any
quality other than cost. Once edge-to-edge mortise and tenon joints were
abandoned, driven caulking could be employed more easily. This is a superior
general caulking method, as it strengthens the hull, is less subject to damage
through abrasion and less trouble to apply .35

Lacking good evidence for a significant long-term rise in the cost of lead or
the widespread adoption of driven caulking before the end of the Empire, we must
suppose achange in the economic environment that would render lead sheathing
an expensive luxury. In this regard, Lionel Casson has suggested that economic
pressures in the form of growing labor costs (due to the decline of slave labor)
during the early Middle Ages stimulated the abandonment of mortise and tenon
joinery in hulls and the growth of “frame-first” shipbuilding.3¢ | believe that the
roots of this trend can be observed in the early Imperial period, and offer a serviceable
explanation for the demise of lead sheathing.

Ancient shipbuilding reached a peak of sophistication (or complexity) in the
1stcentury BCE or CE. Large vessels pushed traditional mortise and tenon joinery
toits limits. Double planking, complex backbone structrures (such as the sternpost
of the Madrague de Giens ship37), recurved hull sections, large and closely-spaced
tenons, and lead sheathing all reflect a classical approach to structure in which
stresses were shared more or less equally among shell, frame, and shape. Later
vessels relied increasingly on internal timbers for strength, with a corresponding
decrease in shell strength and complexity along with greater variation in huli
form.38 Large vessels from the later Imperial period, such as the merchantmen
from Caesarea Maritima3® and the Bourse at Marseilles,40 as well as the marble
carrier at Torre Sgarrata,4’ have a single, thick layer of planking reinforced by
massive, closely-spaced frames and are characterized by a greater overall simplicity
of shape and construction. The exaggerated hollow garboards of earlier ships
were reduced untii they eventually disappeared in straight deadrise or flat floors.
The Nemi barges are considerably simpler in hull structure than the Madrague
de Giens ship, yet no expense was spared in their construction and they are
admirably suited to their purpose.

¥
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It is possible that the growing reliance on heavier internal structures and
more frequent connections between keel and frames increased the stiffness of
ancient hulls. Stiffer hulls work less and are thus less prone to leak. Driven caulking,
if properly applied, contributes to hull stiffness, a property of which at least some
Romans were aware . Tighter hulls have less need of extensive surface caulking,
so itis conceivable that lead sheathing was abandoned because it was no longer
necessary. lf thisis the case, one could expect to find its use increasingly restricted
to larger ships, which are more difficult to build with adequate rigidity. The
archaeological record (although the sample is too small to be statistically significant)
seems to support this, as the known and possible 1st-century CE examples (Nemi
and Caesarea) are enormous ships.

An economic explanation will also serve. | believe that economic pressure
for reduced capital costs is largely responsibie for the growing overall simplicity
of mortise and tenon construction, just as it later prompted the abandonment of
such joinery all together. The ships of the Empire were cheaper to build because
they took somewhat less material but substantially less laboris not free. The labor
of skilled slaves, such as shipwrights and tutors, is especially valuable and not
spent needlessly. The single-planked, unsheathed ship also has maintenance
advantages; planks in need of repair are detected and replaced more easily.

In return for savings on the initial investment and some operating expenses,
the Roman owner was apparently willing to sacrifice the extra amount of working
life the Kyrenia ship’s ownerwas trying to obtain. On the other hand, any decrease
in ship life was probably more than compensated for by the initial savings if an
average cost per ton of cargo is figured. In an environment where marine life is
hard on ships, an extremely long working life is unlikely in any case. Still, one
would expect to find lead sheathing lasting the longest in the construction of large
ships, which depended more than small vessels on external caulking for
watertightness.

As for the cause of such achange in the economic climate, that is a topic too
immense for this paper. Perhaps the reorganization of provincial administration
under Augustus streamlined and stimulated long distance commerce, thus creating
agreaterdemand for cheap tonnage, especially in bulk cargoes. The long distance
transport of bulk goods is only profitable as a regular endeavor where supplies
and markets are relatively steady and transport costs are minimal. Low transport
costs (freight) depend on ships that are relatively cheap to build and cheap to
operate. In such a climate, lead sheathing, which was never ubiguitous, became
one of several costly options.
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Whatthis change representsis adistinct stepin the evolution of the western
economy. Where ships of the Classical Greek and Hellenistic eras had been built
expensively, even lavishly, in terms of the labor involved, Roman ships were
increasingly subject to a wider range of economic influences. Craftsmanship had
a more tangible price. Comparing ships separated by a millennium, the Kyrenia
vessel and the 7th-century ship from Yassiada,4? the difference in the level of
craftsmanshipis startling. The Byzantine shipis a crude but efficient packing crate
next to the yacht-like Hellenistic ship. In this context it is tempting to see the
growing simplicity of Roman construction as a decline in quality, but it should
instead be seen as a rise in economic consciousness and sophistication.

Frederick Hocker
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fault for errors lies solely with the author.
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