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Author’s Note
and Acknowledgements

In the hustle, bustle, and uncertainties of late twentieth-century
living in the United States more and more attention is being given to
its history. This attention is being focused on restorations and recon-
structions that tell visually of the technical abilities of the early settlers
and their descendants and shcw how they lived and worked - and
played if there was any time left.

Far-seeing people have recreated the glories of Virginia’s colonial
capital, Williamsburg; Connecticut has turned toward the sea with its
Mystic Seaport; and Massachusetts has Plimoth Plantation and Stur-
bridge Village. Other restorations and reconstructions too numerous to
list are scattered far and wide across the country.

Since the 1950s there has been a growing interest in the preserva-
tion of old ships and small craft on both coasts, the Great Lakes, and
the great rivers. Obviously vessels of the early colonial days are not
available for preservation — no American Wasa is likely to be found -
but to show what they were like a number of replicas or reproductions
have been built. This book, which incorporates material from two long
out-of-print books, describes a few such vessels with which I have been
associated. I do not know enough about those by other designers in the
United States, the United Kingdom, and Europe to be able to
comment on them.

The designing of the new Mayflower was for me a form of
‘busman’s holiday’ as she was created during my spare time while
employed as a naval architect by a large shipbuilding company. As an
avocation I had studied for many years all manner of things concerning
old ships hence her design was based on sound technical material from
the sixteenth and seventeenth centuries tempered where necessary by
modern engineering knowledge. I must acknowledge the work of all
who have delved into the history of the original Mayflower and the
design, construction and rigging of seventeenth century ships. Without
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AUTHOR’S NOTES

their studies my job would have been well nigh impossible. Their
names are legion but many will be found in the text and in the foot-
note references. :

In a different way I must acknowledge very gratefully the efforts of
those who faithfully translated my plans into living vessels: Stuart A
Upham and all hands at the yard of ] W & A Upham Ltd, Brixham,
Devon, England; George S Davis and the men of the Plymouth
Marine Railways, Inc, Plymouth, Massachusetts; the late Captain
Ralph McCallon and his helpers of St Georges, Bermuda; and James B
Richardson and those working in his yard at Lloyds, Dorchester
County, Maryland.

My thanks go to the Editors of The American Neptune for
permission to use material published therein; to Plimoth Plantation,
Inc, for permission to publish the sail plan of the new Mayflower and
the lines of the Pilgrim Shallop II; to the late Mr M V Brewington for
perusing some of the pinnace material; and to the late Mr H I Chapelle
for comments concerning ketches.

Special credit must go to my wife for correcting and typing the
manuscript, for compiling the glossary, for typing the specifications
and keeping the correspondence flowing during the construction of the
various vessels, and for her persistence in keeping the text somewhat
intelligible to one not having a full technical background.

W A Baker
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Introduction

When the first European colonists landed along the Atlantic seaboard
of North America they faced a trackless forest, trackless save for a few
Indian trails with which they would have to become acquainted. There
were no roads, no carriages, and not even any horses. Behind them
was the even greater trackless waste that they had just crossed, the sea
which would serve them as a primary means of communication and as
one source of food.

Considering the importance of the sea to the new settlements,
knowledge of the maritime activities of their inhabitants is relatively
meager. True, there are official records, letters and other documents
listing vessels owned here and there, describing certain exploring and
trading trips and mentioning fishing and other pursuits, but there must
have been far more activity than that covered by the preserved
material. There is little describing the vessels employed which were
the trucks and buses of their day. This condition stems from the fact
that all such activities and the vessels themselves were so common-
place to the settlers that complete records and detailed descriptions
were not thought necessary. It was only the unusual that attracted
attention.

While people have always sought information about the vessels that
carried the early colonists to North America there is at present more
than a passing interest in colonial-built craft. Any study of the types of
vessels employed in colonial North American shipping can assume
certain vessel characteristics deriving from the national backgrounds of
the colonists. The region that became New York was obviously
Dutch. This influence was also strong along the Delaware River where
too could be found Swedish and, somewhat later, German settlements.
Colonists in New England, Maryland, Virginia, the Carolinas and
Georgia would have built vessels similar to those that they had known
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in England. The French were not unknown along the coast of what
became the State of Maine and the Maritime Provinces of Canada
while Spanish-type vessels were constructed in Florida.

English and other national fishing fleets — Biscayners were well
known to seamen - had been coming to the north-eastern coast of the
present United States, Nova Scotia, and Newfoundland for years before
permanent settlements were established. Their experiences must have
had some influence on the types and details of vessels built in the New
World or sent out from the mother countries in Europe.

The majority of the colonies that eventually became the United
States, however, were English or were taken over by England: hence
this study of vessels that carried colonists and those built in the
colonies will be limited generally to English types. It must be recog-
nized, though, that because of the extensive North Sea and cross-
Channel trades there always was some maritime influence from one
country to another in northern Europe. Thus the deep-sea merchant
ships tended to be of a few universal types with perhaps certain
features modified by local conditions such as the shallow waters off the
Netherlands and at the entrance to the Baltic. Vessels employed solely
» in domestic commerce and fishing generally preserved their national
characteristics.

Two sources for type names of English vessels of the early seven-
teenth century are the charters granted the shipwrights in 1605 and
1612. The 1605 charter named the group as the ‘Master, Wardens
and Commonalty of the Art or Mystery of Shipwrights of England’
and listed the types of vessels over which it had jurisdiction as ‘ships
and barges ship’s boats pinnaces and like vessels’. This charter was
withdrawn and a new one granted in 1612 was much more explicit
concerning the floating equipment encompassed: ‘ships, carvels, hoys,
pinnaces, crayers, ketches, lighters, boats, barges, wherries or any
other vessel or vessels whatsoever’. The types named included those
employed in the normal domestic and overseas trades; presumably the
multitude of fishing vessel types was covered by the last six words.

These charters, coming as they did at the dawn of the English
settlement of the New World, named most of the floating equipment
available to the early colonists. From the accounts of voyages recorded
by Richard Hakluyt and Samuel Purchas we can add hulks, flyboats,
clinchers, barks, frigates, galleys, and brigantines. English colonial
records list shallops, pinks, galliots, bateaux, flats, punts, piraguas, and
- often qualified in the earliest records as ‘Dutch’ - sloops, in addition
to many of those previously mentioned.




INTRODUCTION

When attempting to trace the history and development of any type
of vessel, three main features should be considered: form, construction
and rig. As the rig of a vessel is the most apparent feature this
category has been popular with the average researcher and nautical
enthusiast. Studies of form run a poor second while construction is
rarely mentioned, probably because of the scarcity of information and
the fact that details changed but slowly as time passed.

It is difficult to convince the average nautical enthusiast that, until
the mid-nineteenth century, rig had little connection with the designa-
tion of ship or boat types. Size, form, construction or other considera-
tions usually determined the type name. Classification by rig alone,
while convenient in some circumstances, is akin to describing modern
fishing boats by the type of internal combustion motor installed — a
Cape Unknown lobsterman has a Ford conversion but a Blank Harbor
dragger must have a Penta diesel ~ which tells little or nothing of the
boats themselves. It is true that with the passing of time, certain rigs
became associated with specific hull forms for special employment such
as fishing, coastal trading, river work and the like, but these are rather
recent developments in history.

Among other influences that led to certain type names are the use
or place of use, an unusual feature, the name of the first vessel of the
type, or even a world event. The French ‘chasse-marie’; the Dutch
‘boyer’; the American ‘Block Island boat’, ‘sharpie’, and ‘bugeye’;
the English ‘boomie’ and ‘Una-boat’; and the Scottish ‘zulu’ are
typical. The terms ‘lobsterman’ and ‘dragger’ used above, ‘collier’,
‘tanker’, and ‘lumber schooner’ are present day examples of use
giving a type name, none of which gives any indication of the size,
shape, construction or rig of a vessel.

The foregoing and similar names meant something distinct to the
vessels’ employers, referring to specific types of vessels by which they
earned their livings, but the names meant little or nothing to others.
Certainly many of the ancient terms are enigmas to mid-twentieth-
century researchers. Some type definitions have changed so radically
with the passing years that it is almost impossible to trace them back
to the seventeenth century. Other types are not even noted in the
earliest marine dictionaries; these may be examples of ‘use’ names not
thought necessary to define. Still others may be synonymous or may
be defining the hull and rig of the same vessel. Bits of information,
however, may be gleaned from here and there and, piece by piece, some
reasonably convincing portraits of many seventeenth-century vessel
types can be assembled.
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The characteristics of a vessel of an earlier period can be presented
in three ways and the effectiveness of the result depends largely on the
medium chosen. Obviously, the simplest is two-dimensional, that is, by
means of a drawing, etching or painting. Many details can be shown
but much is hidden or can only be suggested. Unless the viewpoint
chosen is unusual nothing can be shown of the deck arrangements and
it is difficult to give an idea of hull shape. On the other hand, the
rigging and sails can be shown with considerable accuracy. In the
main, however, an artist is concerned with creating a feeling of the
vessel and in showing the items that readily meet the eye — the sweep
of the sheer line and rails, the details of decoration, the set of the sails,
the condition of the sea, and the play of light on all.

From a technical point of view a three-dimensional model is a more
satisfactory method. The shape of the under- and above-water portions
of the hull can be shown as well as the arrangements of the weather
decks, many of the interesting fittings, and all the spars and rigging.
Sails are generally but clumsy additions unless the model be large
enough to have the material of which they are made of the proper scale
thickness. Models may seem somewhat lifeless compared with many
drawings and paintings but they give a feeling of form and mass that
cannot be had from two-dimensional portrayals.

Neither an artist’s conception nor a model, however, can convey
adequately the impression of the mass of an actual vessel, or the size of
the equipment, and of the space available for living and working. A
number of vessels of various periods are being preserved to give those
interested some knowledge of form, construction, rigging, and of how
people lived and worked on board. When no suitable examples are
available for preservation there has been a growing interest since the
end of World War 1I in the building of reproductions. ‘Replica’ is a
simpler word but it implies more accuracy than is often warranted. I
have been involved in the design and construction of a number of these
which will be discussed in the following chapters.
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CHAPTER 1

Seventeenth-Century
Naval Architecture

A. GENERAL

efore considering specific re-creations of vessels a brief outline of
Bthe state of the art of naval architecture in the seventeenth century
is needed to make the subsequent material more intelligible. Naval
architects, in the modern sense of ship designers who may have no
connection with a shipyard, did not exist except in the rare case of
what might be called an interested amateur. Generally speaking, each
master builder designed the vessels he built using long established
rules for proportions, scantlings, and rig which, under normal circum-
stances, produced vessels similar to those that had proved satisfactory
in service. Changes were small from vessel to vessel but over a long
period definite trends could be observed, the result of changes in trade
patterns that altered cargo carrying requirements, refinements of form,
improvements in rig, availability of timber., and mere whim and
fashion.

Since almost the beginning of maritime history there have been two
classes of seagoing vessels. Until the advent of mechanical means of
propulsion there were those propelled by oars - the classic ‘long’ ship.
the galley used for war and services requiring speed, and those
propelled by sails — the classic ‘round’ ship employed for commerce.
As time passed, there were many attempts to combine the advantages
of each with but little success except in a few special cases. The use of
rowers on a trading vessel, apart from the space they occupied,
required great stocks of food and water that reduced the space available
for cargo. The bulkier vessels that resulted from increasing the
sail power and cargo capacity of the galley type made for poor
performance under oars. The great merchant galleys of Venice were
notable exceptions but they were successful only when carrying the
high value, low bulk cargoes of silks and spices from the East.

In addition to the seagoing types of merchant vessels suitable for
long voyages there was a multitude of smaller vessels employed for
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coastwise trading, river work and fishing. Some were miniature
versions of the seagoing types; others had unique characteristics to suit
their special conditions of employment. Before discussing some of these
we must define the form, construction and rig of a typical early
seventeenth century merchant ship.

In the very use of the simple word ‘ship’ we are in the middle of a
classification confusion, for the term was employed in both the general
and specific senses. Turning for the moment to the current Webster’s
New International Dictionary we can find under ‘ship’ the following:

1. Any large seagoing vessel.

2. Specific, Naut, a vessel with a bowsprit and three masts (fore-
mast, mainmast, and mizzenmast), with, rarely, a fourth mast,
each composed of a lower mast, a topmast, and a topgallantmast,
and, sometimes, higher masts; all masts being square rigged.

Here we have the general and specific definitions with the latter
representing the final version of the sail-propelled ‘round ship’, a
definition based on rig alone which became the fashion during the
nineteenth century. Since the introduction of this type of definition we
can find in nineteenth-century literature repeated references to packet
ships, clipper ships, cotton ships, whaling ships, etc, which gave the
knowledgeable some inkling as to size, shape and construction.
Generally speaking, the word ‘ship’ designated the highest class of
sailing vessel.

Throughout recorded history there has been at any given time some
particular type of vessel that was the ‘ship’ of its period, the highest
development at that time. Starting no further back than medieval times
there were cogs, nefs, hulks, carracks, and, by the early seventeenth
century, the galleon which was intimately associated with Spain and
the flute, a Dutch type. Such names came into being because trade
conditions and fashion changed sufficiently to lead to the development
of a vessel different enough from the current ‘ship’ to warrant a new
type name. In spite of the building of new types the old ones would
have held on for a considerable period hence, at any given time, there
would have been several types of large vessels that a sailor would have
classed as a ‘ship’. In any of the basic types there were certain national
characteristics by which it was possible to recognize the vessels of each
of the major seafaring countries.

Because of vagaries in language some type names have caused
considerable trouble for marine researchers. A type name originating
in one country would be adopted with slight modification by a second,
this in turn changed by a third, and so on. The modern researcher
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then tries to define several types between which there is no basic
difference. The converse is also true, the same name being employed
in northern Europe and the Mediterranean region for vastly different
types of vessels.

To see what vessel types would have been familiar to a colonist in
one of the English North American settlements, let us examine an
early seventeenth-century port scene. ] C Visscher’s 1616 view of
London as seen from the south bank of the River Thames is a con-
venient example. This view covers the river from the bend at White-
hall on the west to slightly below the Tower on the east with the old
London Bridge separating the seagoing vessels from the up-stream
craft. Looking at the sailing vessels, those up-river to the west of the
bridge are local types that could pass under the bridge by lowering
their masts; there are also three larger vessels that had been built or re-
rigged there. Below the bridge are various fore-and-aft and square-
rigged vessels, coasters and deep-sea types. In all Visscher showed at
least seventy-nine rigged vessels of various types and, in addition,
many oar-propelled craft ranging from hay barges to State barges.

Starting with the simplest sailing type, there are eight small craft
carrying but a single square sail. Next come small open boats, both
double-enders and those with transom sterns, rigged with one mast
carrying a sprit mainsail and a staysail. There are over a dozen of these
above the bridge and at least eight below. Larger vessels with the same
rig but having shelters over their cargo holds are shown below the
bridge; two of these are double-enders and three have the small high
transom or ‘pink’ stern.

Easily identified east of the bridge are at least five hoys, large fore-
and-aft rigged coasting and cross-Channel vessels that carried a sprit
mainsail, a staysail, and a square topsail. Although bowsprits are
shown hoys probably did not have jibs at this early date but may have
carried a small square sail under their bowsprits. Two ‘eell schipes’ are
shown moored above the bridge off Queenhithe near St Paul’s church;
for centuries Dutch fishing interests had the right to keep these
receiving vessels in the Thames. Modern versions of these eel ships,
not changed much at that, could be seen in the river until shortly after
World War 1. The 1616 vessels are rigged with a staysail forward, a
sprit main, and a small sprit mizzen. As for square-rigged seagoing
vessels, there are about forty of various sizes, all carrying the normal
‘ship’ rig of the period. This rig had three masts, the fore and main
being square rigged, the mizzen having a single lateen sail, and there
was a square sail under the bowsprit. Examples of most of these types
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from the 1616 print are shown in Fig 1.

Using the 1612 Shipwrights’ charter as a guide, can we name the
types shown in the 1616 view of London? Strictly from the rig point
of view the answer in general is ‘no’. Some of the seagoing square-
riggers obviously must be ‘ships’ because they are the largest vessels
shown. Carvels (or caravels) were a southern European type employed
chiefly by the Portuguese and Spanish which could easily be identified
by their rig of two or more lateen sails; none are shown. Hoys we have
definitely noted above; these were easily-handled shallow-draft vessels
fitted with leeboards and the one-masted rig described. Of the
remainder - ‘pinnaces, crayers, ketches, lighters, boats, barges,
wherries. . .” - we cannot name them by rig alone and we must
assume that the types required certain form and construction charac-
teristics as well.

1. Vessels at London, 1616 - after Visscher
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B. RIG

Continuing our discussion of the 1616 view of London we can see
from the vessels described and shown in Fig 1 that there was no great
variety of rig. The fore-and-aft and the square rig are fitted on both
large and small vessels. Views of other ports, however, do show a few
other rigs and there are many paintings and prints available that depict
fishing and other local craft, particularly of Dutch types that were
copied widely in the countries bordering the North Sea. It will be
noted that, apart from the ‘eell schipes’, there are no two-masted
vessels in the 1616 print. Other evidence indicates that during the
seventeenth century there were many vessels of all sizes, some as long
as 100ft on deck, rigged with two masts carrying various combinations
of fore-and-aft and square sails. Basically these rigs were like that of the
hoy with a small lateen mizzen added, the forerunners of the ketch rig.
And I believe that a two-masted square rig was employed more
extensively than evidence such as the 1616 view indicates.

We have mentioned the forty or so ‘ship’ rigged vessels, about half
the total number of sailing vessels shown; possibly some of these are as
small as 45ft in length on deck, incredible as it may seem. The large
number is a direct result of the popularity of the hoy rig, or hoy plus
lateen mizzen. England depended on a reservoir of trained merchant

" =~anning of her fighting ships in time of war. Because
50 handy, vessels so rigged had smaller crews than

2 normal ship rig and it was feared that there would
trained men. In 1558, a Navigation Act prohibited
or plate, a vessel similarly rigged but of even shal-

n trading to continental ports on the penalty of for-
dlow such trading by vessels with cross sails. This act
1562 and hoys were allowed to trade with North Sea
srmandy to Norway. But because of ‘the decay of
Ships by the marvellous increase of hoys’ the law was
1571; the date of its eventual repeal, if at all, is not

1 below the bridge in the 1616 view of London is the
ig fitted on the largest royal and merchant ships; it was
carried on new ships later than the second decade of the
century. The fore- and mainmasts were square rigged but,
ateen sail would have been unwieldy on a large ship, two
sts were stepped, the main mizzen and the bonaventure
cidentally, the term ‘mizzen’ applied to a sail in the early
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seventeenth century always meant a lateen. When the bonaventure
mizzen was finally abandoned a square topsail was fitted on the main
mizzen mast over a relatively small lateen and the development of the
ship rig with three square-rigged masts was started.

Some researchers have held that early colonial American ketches
and pinnaces were rigged with lateen sails only. It seems strange,
however, that if the lateen sail was employed widely on small vessels in
early colonial days it would disappear so completely as not to be shown
on similar vessels in early eighteenth-century views of Boston, New
York, Philadelphia and other ports and then return to use after 1750.
This is a convenient point at which to consider the problem.

Taking into account the backgrounds of the early Atlantic Coast
colonists as noted in the Introduction, only the French in the north
and the Spanish far to the south would without question have had first-
hand common knowledge of the lateen rig. It was employed exten-
sively for their local craft by the natives on the Mediterranean coasts of
both France and Spain. If the other three countries — England, Holland
and Sweden - used the lateen rig in any form for their small craft some
pictorial evidence should be available.!

It might be argued that such pictorial evidence is unreliable and this
may be so but at this late date little else is available. In certain early
series of city views the same types of vessels were used indiscriminately
for all parts of the world but in the seafaring nations that were sending
out colonists there was considerable awareness of the maritime scene.
A wrong type of vessel or a crude portrayal would jar the eyes of the
knowledgeable viewer to the detriment of the artist’s reputation. Still,
one must choose one’s artists carefully because all obviously were not
at the same level of competence. A Mediterranean-type galley,
although hardly suitable for service in the stormy English Channel and
the North Sea, is acceptable in an early seventeenth century Dutch
port scene because of the political situation in which the Low
Countries and Spain were involved. The same type of vessel in an
American scene would be absurd unless it could be proved that such a
craft was built on the western shore of the Atlantic.

On the other hand artists took all sorts of liberties in their
portrayals of cities and countries overseas. Public interest in foreign
ports was high and prints apparently were snapped up regardless of
accuracy which, of course, the public had no means of checking. A
prize example of this is a 1672 print titled ‘Nowel Amsterdam en
L’ Amerique’. At the time Manhattan had been known to the Dutch
for over fifty years and reasonably accurate maps and other views
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existed. This print, however, is pure fantasy and is based on a view of
Lisbon that may be dated between 1576 and 1618. The vessels in the
‘Nowel Amsterdam’ version follow those depicted in the Lisbon print
and include a typical Mediterranean galley and lateen-rigged caravels.?

Turning now to our pictorial evidence, Visscher’s 1616 London
had been described. The only lateen sails shown are the mizzens on
the square-rigged vessels, none at all on any small craft. A similar
analysis was made of seven other representative English, Dutch and
Scandinavian port scenes; more are available but there is no need to
pile up numbers. It is sufficient to say that apart from the lateen
mizzens on the square-riggers there are but three lateen-rigged vessels
in a total of over three hundred. These three are typical Mediterranean
galleys shown at Amsterdam and Rotterdam which, as noted earlier, is
not surprising. On the basis of vessels employed in their home waters
it seems reasonable to conclude that the English, Dutch, and Swedes
would not have used a lateen rig on the local fishing and trading craft
built in their New World colonies.

To strengthen further this conclusion with respect to the English
use of lateen sails is the statement of Sir Henry Mainwaring concern-
ing ‘carvells’:3

Carvels are vessels which go with mizen-sails [ie lateen sails] instead of
mainsails [ie square sails]. They have three mizens: the main mizen, which
belongs to the mainmast; the after mizen and bonaventure mizen as in
some of the King’s ships; but they have foremast and boltsprit rigged in
every sort like other ships. These will be nearer the wind than cross sails,
but are not so commodious to handle. We have here little use of them
and therefore I speak not much. . .

(Parenthetical notes and italics added by the author).

Mainwaring was describing, of course, the well-known caravela
redonda widely employed by the Portuguese. In northern European
waters and around the coasts of the British Isles where shifting winds.
strong tidal currents, and many rivers required handy vessels the
lateen rig was just not convenient hence the widespread use of the
simple fore-and-aft rig. We can not deny that an occasional ketch or
pinnace may have carried a lateen rig but the common rigs of small
colonial North American vessels will be discussed in the chapters to
follow.

C. FORM AND CONSTRUCTION

Apart from purely local flat-bottomed craft, shipbuilders of the early
seventeenth century were limited to two basic forms of sailing vessels,
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what may best be called the ‘ship’ form and the ‘boat’ form. The ship
form was that employed for the great trading and fighting galleons and
for the smaller vessels that aped their characteristics. One distinguish-
ing feature was a flat transom stern that may be seen on most
portrayals of square-rigged vessels of the period. Apart from the visual
evidence offered by paintings and prints that the same form was
employed for various sizes of vessels, there is one drawing dating from
about the last quarter of the sixteenth century that shows the profile
and several sections of a ship with five different scales.* Standardized
ships are not a twentieth-century invention.

In contrast to the square-sterned ship form the boat form was
double-ended but sometimes so blunt that any relationship to such
fine-lined vessels as those built by the Vikings might be doubted. It
could be and was built in various sizes in the same manner as the ship
form. In northern Europe a great variety of large and small fishing and
trading vessels had the double-ended boat form. Perhaps the best
known example of a large double-ender was the tubby Dutch ‘fluyt’
(flute). '

During the centuries of slow progress in ship design and construc-
tion that followed man’s first venture afloat on a log, the shape of
vessels departed but gradually from the basic proportions of the
hollowed-out log canoe, the ancestor of the boat form. The oar-
propelled vessels remained nearly true double-enders to the end of their
days but the form of sailing vessels went through many changes; as the
shape of their sections changed from the rough semi-circle of the log,
decks, and eventually superstructures, were added.

About the middle of the fifteenth century the shape of sailing
vessels’ sterns was changed from a full rounding type to a flat transom.
The new stern gave better support to the after superstructures and
allowed the shipwright to mold them into the hull proper. The super-
structures of medieval ships were definitely additions rather than
integral parts, light rectangular buildings erected by house carpenters
on the strong curved work of the shipwrights. The two types of sterns
are shown in Fig 2.

From the hydrodynamic point of view, however, the flat transom
was poorer than the medieval round stern as it caused considerable
drag and made for poor steering. A fair portion of the rudder was
operating in the eddy behind the hull and hence was ineffective. To
improve steering one treatise recommended that the after edge of the
rudder be made thicker than the forward edge, a detail that may be
found on rudders of some modern tug-boats when extra control is



SEVENTEENTH-CENTURY NAVAL ARCHITECTURE

required. In English ships. starting about 1650, the lower portion of
the stern was rounded to reduce the drag but the upper section
remained flat. Although this form of stern eventually was adopted by
the major seafaring nations, it distinguished English ships for several

decades.
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2. Fisteenth-century round stern and sixteenth-century transom stern

It is commonly believed that shipbuilders in olden times first carved
half-hull models from which they took the measurements needed to
build their ships. Designing by model alone was a rather decadent
practice of the nineteenth century but as long as the vessels did not
change radically many clever builders were able to obtain good results.
Actually, by the seventeenth century. the major builders did a fair
amount of drawing. Not, to be sure, in the modern fashion with nearly
every nut and bolt depicted but enough to establish the basic propor-
tions and shape, the extent of superstructures, and often the hull
decorations. There is a record of a plan being sent out from England in
1638 for the construction of a small vessel in Massachusetts.

Some extant ltalian drawings of ship parts date back to the first halt
of the fifteenth century. During the sixteenth century the leaders in
the field of naval architecture were the master shipwrights of the great
Mediterranean ports such as Genoa and Venice and the shipwrights of
northern Europe followed their lead. Henry VIII of England actually
brought Italian shipwrights to England to help build up his fleet.

Through the ages shipbuilding knowledge was normally passed on
from a master shipwright to his apprentices. By the beginning of the
seventeenth century much had been committed to writing and is now
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preserved in the form of notebooks or manuscript treatise The Baker
MS cited earlier in a footnote is one such notebook whiclias material
on the design, construction, and sparring of vessels rangig irom those
in the fleet of Henry VIII to proposals of about 1600. Mthew Baker
was a master shipwright of the first Queen Elizabeth.#v the mid-
seventeenth century several useful books on shipbuildie had been
printed. In most of the early manuscripts and the bookshat followed
many details of the design procedure were omitted. The were either
assumed to be common knowledge or were such trade strets that no
shipwright would part with them. It is impossible forus today to
comprehend fully some of the design procedure and to Bow what is
meant by certain terms.

Ships of the late sixteenth and early seventeenth enturies had
definite shape characteristics quite apart from the prominat decorative
features so apparent in their portraits. The underbay, normally
hidden from view, had full rounding curves while 3¢ relatively
straight topside tumbled home to high narrow decks. [hese shape
characteristics were the direct results of the design methds that made
extensive use of arcs of circles. A ship’s sections werecomposed of
several arcs drawn with a pair of compasses while large rdius fore-and-
aft arcs were calculated mathematically or worked ot to a close
approximation by a simple mechanical method.

Of great importance in the design of any vessel was th shape of the
largest section and its location with respect to the lengt ot the keel.
Although for convenience it was usually called the ‘ndship bend’
(frame) it was normally located about one-third of theength of the
keel from its forward end. The widest part of this sedon was just
above the load waterline. The point of maximum breach was raised
progressively towards the ends of the ship to improve seaorthiness by
providing extra buovancy and to give finer sections blow for easy
passage through the water. The above location of thenidship bend
gave a vessel a full bow and a fine stern in keeping withthe long held
theory that a good ship should have a ‘cod’s head anda mackerel's
tail’. One drawing in the Baker MS shows the outline ca fish super-
imposed on the underwater profile of a ship.

L. Detail of Ysin scale model of the Mayflower (rigged b§* A R Ronnberg)
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Fig 3 shows the method of drawing the outline of the midship bend
for a typical late sixteenth- or early seventeenth-century ship. First, a
rectangle is drawn using the chosen breadth and depth of the proposed
ship, the depth being the height of the maximum breadth above the
top of the keel which was used as the base line. Subtract one-fifth of
the half breadth ED from the depth which locates point G and draw
HG parallel to the base. Next draw a line from E to C intersecting HG
at J and through this point erect KM perpendicular to the base; EK is
the half breadth of the floor. Set off HL at two-thirds of ED. With a
compass find point N on KM so that an arc tangent to the base will
pass through L. On an extension of the line LN find the center O for
the arc LC. The third center Q on OC is found by drawing a line from
P through N. Point R which determines the tumble home of the
topside is two-thirds of the half-breadth from the centerline and twice
the height of Q above the base. It will be noticed that because of the
location of point Q the actual breadth and depth of the vessel will be
slightly greater than the dimensions chosen for the basic rectangle.
The section shown is relatively simple; others of the period had an
additional arc in the body while the topsides often had a reverse curve
so that they were nearly vertical at the weather deck.
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3. Outline of typical midsection of an early seventeenth-century ship
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The process of drawing the lines plan started with the setting down
to a convenient scale on paper — or perhaps a smooth plank — a profile
or side view showing the outlines of the keel, stem, and sternpost. The
length of straight keel that ‘treads the ground’ was one of the basic
measurements of a ship. The forward curve of the stem plus the rake
aft of the sternpost usually about equalized the maximum breadth.
Next the outline of the midship bend was drawn at its proper location
on the keel. Starting from this midship bend and working toward the
bow and stern it is obvious that the area of each successive section
must be progressively smaller if the vessel is to have a reasonable
shape. The amount of reduction for each section was guided by fore-
and-aft lines showing the maximum breadth and floor line both in plan
and profile, the so-called narrowing and rising lines. Originally these
were arcs of circles of large radius but later they became mathematic-
ally derived curves.

The narrowing and rising lines for the floor show how far its center
must move inboard and rise in order to produce the proper form. At
the ends and particularly forward the narrowing line might actually
cross the centerline in which case the floor arc was not part of the
frame outline but served only to guide the bottom of the body sweep.
The location and shape of the narrowing and rising lines for the
maximum breadth determined whether a ship was chunky or fine. An
easily curved narrowing line forward and a rising line that was much
higher at the ends than at the midship bend produced a relatively fine
and speedy hull. Blunting the forward end of the narrowing line and
dropping the ends of the rising line made a tubbier ship, slower than
the previous one but capable of carrying a heavier armament if a
warship or more cargo if a merchantman.

By employing the narrowing and rising lines any transverse section
of the ship could be drawn with a compass and a straightedge.
Available information indicates that the outlines of sections so drawn
were transferred directly to the timbers chosen for any particular
frame. Shipwrights of the period apparently had no knowledge of the
process of fairing a set of ship’s lines by waterlines and buttocks.
Reference to Fig 4 may help to clarify this brief outline of the design
procedures.

By 1600 the use of the cargo carrying capacity of a ship as a basis
for assessing port charges and duties on imports and exports was an old
practice. Medieval methods of determining this capacity are not known
but by the same date the maritime nations generally employed some
simple formula that involved a ship’s length, breadth and depth, all

13



=
/ 7MAX|MUM BREADTH LINE

THE MAYFLOWER

BREADTH OF FLOOR LINEj .

U
— ey -
§ I .

‘YRISE OF FLOOR LINE
T —~—

—

N

4. Narrowing and rising lines

measured in different ways by each country. Usually a suitable divisor
appeared in the formula to bring theory into line with what an average
ship actually could carry. The unit of capacity also varied but in
England and France it was the Bordeaux wine cask or tun from which
the modern term ‘ton’ is derived.

Again by 1600 the theoretical number of wine tuns that an English
ship could stow in her hold, her ‘burden’, was given by:

depth
keel length X breadth X 100 - tons burden.

Generally these three dimensions were measured as noted earlier
although from time to time variations were introduced in attempts to
obtain better accuracy. Thus merchant ships were measured by their
hold space only, that occupied by the crew and guns, the 'tween deck
space, being excluded. Vessels hired by the Crown, however, were
rated according to their entire internal capacity, their ‘tons and
tonnage’, which usually was determined by increasing the burden by
one-third. A ship having a burden of 150 tons had a tons and tonnage
of 200 tons. As long as the decks within the hull maintained certain
positions relative to the basic depth and the form followed established
patterns, such tonnage formulas gave figures close to what the average
ships actually carried.

After a ship was completed, however, it was difficult to measure the
breadth and depth in the manner indicated. It became more or less

14
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II. The Mayflower model built by Anderson and Pritchard. {Popperfoto
common practice to take the maximum breadth to th
planking and the depth from the height of breadth to the bo

keel. Now a single thickness of planking is
breadth and would not have much effect
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waterline, which was just about the widest part of a ship. This practice
was known as ‘furring’ or ‘girdling’ and during the early seventeenth
century it was said that more English ships were furred than those of
any other nation. A burden calculated with a breadth measured to the
outside of such furring was considerably larger than the number of
tuns that could be stowed. In spite of such conditions and changes in
ship design the above English formula remained in general use until
1694 but modifications were used at various ports during the second
half of the seventeenth century.’

Although tonnages are available for all types of small craft we do
not know exactly how they were determined. In using the English rule
stated above the keel length and breadth offer no problems but for
many small open craft that had vertical or nearly vertical sides there is
a question as to what point was taken for the depth. It probably was
measured from the top of the keel to the rail at its lowest point.

7 BODY

7RIz,

o Ztlion)

HOLLOW MOLD
AFTER BODY FORE BODY

5. ‘Whole-molding " of small boat bulls

The design procedure for open boats, and probably for small vessels
too, was in theory the same as for the large ships. There were the
usual narrowing and rising lines for breadth and floor but, instead of
drawing the sections with a compass, two molds were used. Fig 5
illustrates the use of these molds better than several paragraphs of
words; one mold shapes the topside and the other the reverse curve to
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the keel. The procedure was known as ‘whole-molding’. In proper hands
it could produce a fine-lined speedy hull as well as the more burden-
some types with the assurance that, if the narrowing and rising lines
were drawn as fair curves, the remainder of the hull would be fair with
no special effort. Small boats that I have designed by this method have
proved able and fast under sail.

Both procedures, the compass method and whole molding. would, if
followed to the letter, fail to produce a fair form at the ends of a vessel.
Here the art of the shipwright took precedence over the mechanical
method of drawing. Further there would be local unfair spots or bumps
particularly where arcs of greatly differing radii came tangent to each
other. These look queer to modern eyes but are essential features of
ships of the period. There is little doubt, however, that very pro-
nounced bumps in the framing would have been removed by the ship-
wright’s adz as soon as he found that he was having difficulty in fitting
the planking.

Little definite manuscript or printed material is available concerning
the arrangement and construction of late sixteenth- and early seven-
teenth-century ships but this situation improved with the passing of
time. The excellent transcription of a manuscript of about 1620 on
shipbuilding, published in 1958 by the Society for Nautical Research,
filled out our knowledge considerably but most of our information
must be pieced together from paintings and prints plus a few written
descriptions.®

Considering the seagoing square-rigged ships in any of the port
scenes and the single-ship portraits of the period we find that almost
regardless of size the majority have certain features in common. At the
forward end is a ram-like structure, the beakhead. protruding from the
stem. The hull proper has a short superstructure forward, the fore-
castle, while the waist amidships is relatively low. A long high super-
structure covers the after part of the hull from the mainmast to the
stern; it usually had two levels but on some large ships there were
three. Practically all the ships are armed; gunports show in the sides of
all but the smallest.

The elaborate superstructures are a carry-over from the days when
the art of gunnery was not well developed. It was customary to attack
a ship by boarding and the defenders fought back level by level in the
same manner that a castle on land would have been defended. The
forecastle is the lineal descendant of the old fighting platform that
actually looked much like a turret on a castle. Similarly the longer
superstructure aft is a development of the ‘after-castle’ or ‘summer-
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castle’ that served originally as a command post and as a shelter for
important persons carried as passengers.

The fore- and after-castles long remained little more than light
angular structures. The earliest were platforms supported on
stanchions above the weather deck; later, to provide shelter, the spaces
below the platforms were enclosed with sheathing. Such superstruc-
tures could easily be swept overboard in a gale and, as they increased
in size, a better method of securing them to the hull was required. The
system generally adopted was to fit heavy vertical tie timbers on the
outside extending well down on the main hull. During the first half of
the sixteenth century the framing of the superstructures became an
extension of that of the main hull.

By the early seventeenth century, the space within the forecastle
was probably of more importance than the area of the forecastle deck
that originally determined its worth as a fighting platform. Just how
this space was equipped and employed, and indeed, exactly how any of
the smaller spaces on shipboard were fitted out, is open to question. It
is reasonable to assume that on ordinary merchant ships part of the
forecastle space served as the galley or ‘cook-room’ which in naval
vessels long remained in the hold or on a lower deck.

People having some knowledge of sailing ships are familiar with the
so-called clipper bow - a clean concave profile with a simple carved
figure — but few realize that it was the final development of the ram of
the ancient war galley. The bow structures were originally termed
‘beaks’, then ‘beakheads’, and finally just ‘heads’. The forecastle on
medieval sailing ships, in its development from a simple fighting
platform, came to have a triangular plan form with the pointed forward
end projecting over the stemhead. As bowsprits increased in size and
needed stronger steps in the hull they and the forecastle projections
were lowered leaving a square forward bulkhead on the forecastle. The
beakheads of the late sixteenth and early seventeenth centuries had
more or less vertical sides with solid planking, a carry-over from the
solid sides of the projecting forecastle. The sides were highly decorated
and there was usually a grotesque head or some sort of a figure at the
forward end. Often the upper profile was an S-curve, terminating near
the top of the forecastle. With the passing of time the beakhead became
shorter, higher, and lighter in appearance until the whole culminated
in the bare clipper bow.

In the early seventeenth century the beakhead served several
purposes in addition to decoration. It broke the seas before they could
damage the forecastle, provided a solid structure to which the bowsprit
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1. Molds for Mayflower 11 laid out on the mold loft floor, November 1955. (Author)

could be secured, and served as a place of convenience for the crew. A
beakhead also served as a means of identification. Those on English
ships were described as being long and low while on Spanish and
Venetian ships, for example, the steeve, or angle with the baseline, of
the beakheads was considerable.

The size and height of the after superstructure were often carried to
such extremes as to affect seriously the seakeeping qualities of the
ships. During the reign of the first Queen Elizabeth many noted sea-
farers inveighed against excessive superstructures but their recom-
mendations usually were not heeded by those responsible for having
the ships built. Sir Walter Raleigh stated that ‘two decks and a half is
sufficient to yield shelter for men and mariners and no more charging
at all higher, but only one low cabbin for the master’.” The two decks
are, of course, the lower or gundeck and the upper deck. The ‘half’ is
the first level of the after superstructure extending from about the
mainmast to the stern and called the ‘halfdeck’ because it covered
about half the length of the vessel.

Under the halfdeck at the very stern was the ‘great cabin’ and just
forward of this, separated by a bulkhead, was the helmsman’s station,
the ‘steerage’. There was another bulkhead at the forward end of the
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steerage and a third, either full or partial, slightly forward of or just
abaft the mainmast. On large warships the latter would have been
quite solid but on merchant vessels it might ‘have had two or more
arched openings or might have been no more than small panels out at
the ship’s side. The bulkhead details here depended largely on the size
of the ship and the locations of various deck fittings. The extent of the
quarter or poop deck was determined by the amount of shelter required
beneath it.

It will be noted that Raleigh mentioned men, mariners, and the
master who must be considered in their seventeenth-century sense
when discussing the uses to which the various sections of a ship were
put. Presumably Raleigh was writing about the larger armed ships
rather than common merchant vessels and by the term ‘men’ meant
the fighting personnel in contrast to the ‘mariners’ who operated the
ships. The captain of a large ship was the military commander and he
usually lived in the great cabin. The master of such a ship, subordinate
to the captain, was responsible for handling her; it was for him that
Raleigh would provide ‘one low cabin’. On small merchant vessels the
duties of the military captain and the sailing master probably were
combined in one person who occupied the great cabin, leaving the
small cabin aloft for the mate. Mates and petty officers often slept in
cupboard bunks built along a ship’s side in enclosed spaces.

Early explorers of the New World found the natives using the
hammock for sleeping and this useful article was introduced in ships of
the Royal Navy in 1597; they were called at first ‘hanging cabbons or
beddes’. Their use was not immediately widespread and for many
years, particularly in home waters, seamen had only the comfort of a
spare sail, a coil of rope, or the bare deck.

There is little doubt that the average medium size merchant ship in
which the majority of the North American colonists crossed the
Atlantic had two decks in the main hull. These did not necessarily run
continuously from bow to stern as became the general practice in
warships. The seventeenth-century shipbuilder set his deck levels to
suit the space requirements for cargo, crew, and stores; stepped decks
in merchant vessels were common through the eighteenth century. A
typical arrangement of decks and superstructures for an early
seventeenth-century ship is shown in Fig 6.

Considering again for a moment the three methods of presenting the
characteristics of a by-gone ship type it is apparent that, in general,
neither the artist nor the average model builder has to worry too much
about the structure of the vessels they depict. The built-up model is, of

20




SEVENTEENTH-CENTURY NAVAL ARCHITECTURE

6. Typical arrangement of decks in an early seventeenth-century ship

course, a special case as it is created specifically to show a ship’s
construction. The structure of a vessel has considerable effect on its
appearance and on the location of many of the fittings; structure may
be adjusted to suit conditions but not ignored as so often seems the
case. Neither does the artist nor the model builder have to worry how
various pieces of equipment might have been constructed as long as
the appearance seems right. Many do not stop to wonder whether
seamen could have lived in or worked the vessels that they show.

For a full-size reproduction of an old ship type all these things do
have to be considered, some of them in light of the availability of
materials. For example, the present day cost of duplicating some of the
timber sizes used in earlier ships would be almost prohibitive. Further,
such a reproduction would be primarily a museum piece hence
problems connected with showing a considerable number of visitors
per day through it would require study as they would have an effect on
the final arrangement of the vessel.

During a century or so from about 1550 to 1650 there seems to
have been considerable change in the methods of framing a ship. There
were several reasons for this change including the strength require-
ments occasioned by the increasing size of ships and weight of
armament, better protection against gunfire, and the growing dif-
ficulties in the procurement of timber of the proper shapes and sizes.
Small boats, from the structural point of view, were generally
miniature reproductions of large ships having all framing hewn and
sawn to shape. The steam bending of frames was unknown but green
planks were often scorched or heated in wet sand to render them
pliable enough to be bent around the customary bluff bows of seven-
teenth-century vessels.
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7. Typical structure of a seventeenth-century ship

The structure of typical English vessels during the seventeenth
century can best be described in conjunction with Fig 7. The keel was
the backbone of the ship on which the entire structure was erected; the
need for a ship to be built like a girder with strength in the decks as
the upper flange was not known. Across the keel were placed the first
pieces of the framing, the floor timbers, roughly square in section and
spaced a little over their width apart. The next pieces of framing, the
first ‘foot-hooks’, later corrupted to the present word ‘futtocks’, were
placed between the ends of the floors overlapping from say two to four
feet depending on the size of the frames. This overlapping is the old
meaning of the word ‘scarf’ but the term then also meant a carefully
fitted joint as at present. Piece by piece the framing was continued
until the top of the rails was reached, each successive piece being
narrower and thinner than the preceding one. The final pieces of
framing were called the top timbers. In a small vessel there might have
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been only one futtock and a long top timber on each side while in a
large ship there were as many as four futtocks and the top timber.

Usually there was no connection between the various futtocks; the
whole framing fabric was held together by the binding action of the
regular planking on the outside and the ceiling (the old ‘sealing’ was a
better word) on the inside. The futtocks and top timbers composing
one or two frames may have been fastened together and erected as a
whole to serve as guides but, in general, a ship was put together much
as a basket is made, futtocks being added as the planking and ceiling
were carried along. There is evidence that wedges called ‘glots™ were
driven alongside the heel of each futtock to force it tightly against the
next. Apparently every third or fourth frame was drawn out with a
pair of compasses as described earlier and measurements for the
intermediate frames taken from the ship. By the end of the seventeenth
century it probably was the practice to erect such frames as a whole.

The framing of an actual ship was very irregular, far from the
perfection shown by the built-up Admiralty-type models. While it is
generally agreed that such models show the form and general appear-
ance of the vessels they represent it is obvious that their construction
was standardized. Each frame consists of a floor timber and one futtock
and a top timber on each side, all of the same thickness, but it is
known as mentioned above, that some vessels had as many as four
futtocks of differing thicknesses. It has been suggested that the
Admiralty-type models represent the way all ships were built around
1600 when timber supplies were plentiful and the way small vessels
continued to be built as long as suitable timber was available. Once a
modelmaking convention was established the model builders saw no
need to complicate their problems by introducing a larger number of
smaller pieces. This conventional method of building models was
carried well into the eighteenth century, long after there had been
major changes in the actual construction of large ships.®

Turning back to ship framing, to help strengthen the important
scarf between the floor timbers and the first futtocks, three or four
strakes of the ceiling were made extra thick; these were known as the
‘sleepers’. To bind the framing on the outside and to add some
longitudinal strength to a ship there were several heavy fore-and-aft
timbers called ‘wales’. These are prominent on all vessels of the period
as they also served for decoration, setting off the apparent sheer of the
hull in contrast to the deck levels indicated by the gunports. Up to
about 1650 shipwrights were careful not to cut the wales for gunports;
if there was a conflict either the deck or the wale was stepped. The
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ends of the widely spaced deck beams rested on longitudinal members
on the inside of the frames; these were usually called ‘clamps’ for the
lowest deck and ‘risings’ for all the others. The beams were secured
to the frames at each end by one hanging knee, and one horizontal or
‘lodging’ knee. Between the main deck beams the deck planking was
supported by fore-and-aft ‘carlines’ and transverse members called
‘ledges’.

While beech was sometimes employed for keels practically all of the
structure described so far, in English ships at least, was of oak. Deck
planking was usually of Scottish or Norwegian pine. Apart from decay
the greatest problem of seventeenth-century shipbuilders was that of
proper fastenings; these two problems still plague the builders of
wooden ships. While it still is common practice to secure outer plank-
ing over 1Y2in in thickness with well-seasoned wooden pegs or ‘tree-
nails’ (usually pronounced as if spelled ‘trunnels’), in the early seven-
teenth century they were used for such important connections as the
securing of the floor timbers to the keel and even for the fastening
down of the deck planking. Iron nails then were reserved for securing
the light planking of the superstructures and the deck planking to the
carlines and ledges. As the century progressed the increased use of
iron and other metals for bolts and spikes gave better connections that
led to such innovations as the cutting of wales in the way of gunports.

Small open boats were constructed in much the same manner as
today. The stem and sternpost were first shaped and erected on the
keel. Then four or five full molds fabricated to the correct shape were
set at the proper locations on the keel. Light ribbands were sprung
around these molds from stem to stern and all measurements for the
sawn frames taken from them. Each frame was generally constructed
with a floor timber and but one futtock on each side. For boats having
carvel or smooth planking the frames were normally set up and then
the planking fitted. Clinker-built boats had the planks riveted together
before the frames were inserted.

With this necessarily limited background on naval architecture let
us turn to one of the better known ships that carried English colonists
to North America.
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CHAPTER 2

Early Colonists —
The Maytlower

A. INTRODUCTION

At five o’clock in the afternoon of Saturday 20 April 1957, a small
steam tug picked up the tow line of a strange little sailing ship
lying behind Drake’s Island in the sound off Plymouth, England, and
started moving toward the open sea. Outside the breakwater, shortly
after six o’clock, the tow line was cast off and, one by one, six sails
were set on the little ship to catch a light breeze from the west. Thus
began a passage that captured the imagination of thousands of people
in all parts of the world. The little ship was Mayflower II, a reproduc-
tion of a typical merchant vessel of the size and type of the Mayflower
that carried the Pilgrims to North America in 1620. The fifty-four day
Atlantic passage of the little ship to Plymouth, Massachusetts, under
the command of Captain Alan Villiers is now history.

The departure of Mayflower Il from Plymouth, England, marked
the end of one phase of a combination fairy tale and detective story, the
finish of six years of spare time researching, drawing, and calculating.
My part in the project started in the spring of 1951 when | was asked
by the Governors of Plimoth Plantation, Incorporated, of Plymouth,
Massachusetts, to prepare plans and specifications for a Mayflower.
The Plantation, a non-profit educational foundation organized in 1947
to dramatize the Pilgrim story for modern Americans, had as its
ultimate goal a reconstruction of the entire Pilgrim village and its
projected program included a representation of the Mayflower.

In the spring of 1955 an English group that since the end of World
War II had been thinking of building and sailing a Mayflower across
the Atlantic to further the cause of Anglo-American relations heard of
the plans and specifications being prepared for Plimoth Plantation and
suggested a sort of merger. In return for use of the plans the English
group, under the name of Project Mayflower Limited, proposed to
present the ship to the American people with Plimoth Plantation
Inc as the permanent custodian. Preliminary arrangements were made,
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my plans and specifications were sent to England, and the keel of the
new Mayflower was laid on 28 July 1955 in the yard of ] W & A
Upham, Brixham, Devon. She was launched on 22 September 1956
and was under sail for the first time on 16 April 1957.

It is difficult to believe that in the mid-twentieth century there
would be any group seriously interested in re-creating a full-size early
seventeenth-century ship. That there should be two such groups with
the same ship in mind is almost inconceivable; this is the fairy tale part
of the project. The detective story part concerns the research into the
history of the original Mayflower; the form, construction and rigging
of ships of her period and a multitude of associated problems.

IV. The keel and floor timbers of Mayflower 11, November 1955. (Author)
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B. HISTORY

Opinions vary as to which ship is the most important in the
maritime history of the United States but the Pilgrims’ Mayflower
stands high on the list. The telling of the Pilgrims’ story every year in
connection with Thanksgiving Day, the countless pictures and
models labelled Mayflower, and the usual listings in the catalogues of
large libraries might easily lead one to assume that everything is
known about the original ship. Actually, the only reliable information
concerns the Atlantic crossing and even that is exceedingly scant.

The standard authority on the Pilgrims’ crossing to the New World
is Governor William Bradford’s journal Of Plimoth Plantation which
he started writing about ten years after their arrival.! As might be
expected from the time of writing he gave very few definite details
about the ship. Now considered a great symbol the Mayflower meant
so little to Bradford and other early chroniclers of the colony named
Plymouth that they neglected to mention her name. For the seamen
involved it was only another in a long series of fishing and trading
voyages, not worthy of special note. It was not until 1623 that a
reference was made in the colony’s records to those ‘which came first
over in the May-Flower’ and thus her name is known.

Diligent research, however, has produced some interesting items
concerning the original Mayflower. This research has been difficult
because Mayflower was a common name for ships of the period. About
twenty vessels bearing that name have been traced but so many
researchers have worked on the problem it is unlikely that any new
pertinent material will be found. Any modern re-creation of the ship
owes much to the work of these people. Variations between the 1957
Mayflower and other versions are the result of different interpretations
of the available data but none can claim to be more than a representa-
tion of a typical merchant ship of the size and type of the Pilgrims’
vessel.

Because of leaky topsides and the cracking of a beam during a storm
it is generally assumed that the Mayflower was an old vessel when she
made her now famous voyage in 1620-21. Many sources refer to the
ship’s master as a Mr Jones and he was long identified as a Thomas
Jones who had a rather unsavory reputation. On the basis of
Admiralty Court and other records, however, most researchers now
accept the conclusion that Thomas Jones could not have been but one
Christopher Jones must have been the master of the Mayflower.
Through the records of the port of London it has been possible to trace
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V. The port bow of Mayflower 11 in Ap(il 1956. (Author)
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some of the movements of a Mayflower with a Christopher Jones,
master, from August 1609 to October 1621.? By assuming a neigh-
borly relationship of shipmasters it is possible to trace this Mayflower
back to 1606. A similar relationship too lengthy to review here is the
basis for the remote possibility that she was one of the two Mayflowers
of London that fought against the Spanish Armada in 1588.3

In the port of London records there is an appropriate gap that would
allow for the Mayflower’s voyage to New England in 1620-21. A
passage in Mourt’s Relation. . . indicates that Captain Jones was
familiar with whaling and the voyage records are such that the May-
Sflower could have gone whaling off Greenland but no definite proof of
this has been found.* The voyages noted below are typical and indicate.
that she was employed as a normal cargo vessel of the period:

August 1609

To Drontheim, Norway, with hats, hemp, Spanish salt, hops, vinegar,
and Gascon wine. From Drontheim - tar, deals, and herring.

May 1612

To Rochelle, France, with cloth of various kinds, stockings, iron stubs,
pewter, and virginals.

May 1614

From Hamburg - taffeta, satins, sarsenets, and lawns.

January 1615

From Rochelle - Gascon and Cognac wines.

The unloading of a cargo of salt from Rochelle on 31 October 1621
is the last record of the Christopher Jones Mayflower in the London
Port Books; the last record of her master is in the 'register of St
Mary’s, Rotherhithe, for 1621-22: ‘Christopher Jones, buried 5
March’. He left no will on record and his widow was granted a com-
mission of administration. Acting on a petition by Mrs Jones and two
of three other part owners of the ship dated 26 May 1624, which
described her as ‘in ruinis’, the High Court of Admiralty appointed
four surveyors who valued the Mayflower at £128-8s-4d. The term
‘in ruinis’ has been variously translated to mean actually in ruins,
dismantled, or just laid up. The ship’s ultimate fate is unknown
although claims have been made that a barn in Buckinghamshire was
constructed from her timbers and that her masts served as pillars in
the Independent Chapel at Abingdon in Berkshire. Neither of these
claims have been proved to the satisfaction of competent researchers.?

Any attempt to produce a representation of the Mayflower — draw-
ing, painting, model, or full-size sailing ship - must start with some
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estimate of her size but the only information available concerns her
tonnage. Governor Bradford mentioned a burden of about nine score
tons. One of Captain John Smith’s books noted a burden of 160, the
papers of the Earl of Southampton recorded 140 tons, while one
researcher has used 120 tons. Considering that the Mayflower landed
102 passengers and had a crew of perhaps 25 to 30 men, most
researchers have accepted Governor Bradford’s figure. While many
have marvelled that a ship of only 180 tons could have carried so
many people, records of similar passages in the early seventeenth
century indicate that she was not unduly crowded. One vessel of 150
tons carried 85 passengers and a 350-ton ship had 230 passengers.

As for the probable appearance of the Mayflower little agreement
was found among marine archaeologists, artists, and authors. A survey
of the many prints, paintings, models, and what-have-you purporting
to be of this vessel revealed some startling representations; one etching
had the square sails set on the after sides of the masts. Governor
Bradford was of little help but we can deduce from his journal that the
ship had at least one topsail. When he noted that John Howland fell
overboard he wrote, ‘... he caught hould of ye top-saile halliards,
which hunge overboard. . .”.¢

The following is a footnote in the Massachusetts Historical Society’s
edition of Bradford:”

No description or representation of the Mayflower other than the brief
references in Bradford exists. There is, however, no reason for believing
that she differed materially from the merchant vessels of that day or that an
English vessel of her class differed materially from a merchant vessel of any
other commercial people of Europe. The map-makers of that period almost
invariably drew upon some part of their plate one or more vessels, usually
the trading types with sails set, and threading their way among the
monsters of the deep, often much larger than themselves. Whether the map
was English, Dutch, or German, the vessels have the same general appear-
ance.

Considering the size of a sketch that would normally appear on a
map the above note is generally true, but there were certain national
characteristics that were dictated by the conditions of the coasts and
harbors of the various countries. As examples, English harbors allowed
the use of deep narrow ships while the shallow waters off the Low
Countries led to the development of bluff beamy vessels that drew
relatively little water. Details of decoration and fittings varied con-
siderably but printed and manuscript sources indicate a substantial
exchange of shipbuilding knowledge. If a ship was damaged at sea the
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necessary repairs undoubtedly would have been made in the manner
standard at the next port visited. A vessel then could have been
equipped with items from several countries which leads to the con-
clusion that when definite details are not available from one country
those of another can be adapted. This is particularly true in the cases
of countries having extensive mutual commerce.

While there is some technical material concerning the design and
construction of late sixteenth- and early seventeenth-century ships,
much of our knowledge of such ships comes from old engravings,
etchings and paintings. Such knowledge has always been considered
somewhat dubious, for it is the result of two interpretations, the
artist’s interpretation of the ship and our interpretation of his efforts.
Some representations seem quite reasonable, others the products of the
weirdest possible nightmares. All must be considered on a general
basis as there are few named ship portraits of the period. Since the new
Mayflower has been afloat and under sail, however, opinions as to the
credibility of the efforts of some early artists must be revised, for their
works compare favorably with photographs of her under sail.

C. DIMENSIONS AND LINES

Following the majority of Mayflower researchers I accepted
Governor Bradford’s burden of about nine score tons for the ship and
turned to a study of ship proportions. Ships of the Elizabethan period
are commonly thought to have been quite tubby in shape. This is a
fallacy that arose from the practice of comparing tables of dimensions
giving the keel lengths of these ships with the gundeck lengths
commonly given for later vessels. A better comparison may be
obtained by adding to the keel length the forward rake of the stem and
the aft rake of the sternpost; the sum of these two was usually equal to
the maximum breadth. The hulls of naval vessels of a century later
actually were fuller as increases in armament required more displace-
ment in the ends to keep the flexible wooden hulls from drooping out
of shape.

William Borough, comptroller of the English Navy from 1589 to
1598, listed the following proportions for vessels of his time:®

1. The shortest, broadest and deepest order — To have the length
by the keel double the breadth amidships and the depth in hold
half that breadth. This order is used in some merchant ships for
most profit.

2. The mean and best proportion for shipping for merchandise like-
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wise very serviceable for all purposes. Length of keel two or two
and a quarter that of beam. Depth of hold eleven-twenty-fourths
that of beam. '

3. The largest order for galleons or ships for the wars made for the
most advantage of sailing. Length of keel three times the beam.
Depth of hold two-fifths of beam.

Considering these proportions and those of a number of known
merchant vessels of the period the Mayflower might have had a keel
length ranging from 52.4ft to 73.0ft, a breadth from 24.3ft to 27.0ft,
and a depth of 10.1ft to 13.1ft. The reader may make his own choice
but the combination must be such that

K X B x

DO equals about 180.

For the re-creation of the Mayflower the original concept of the
Governors of Plimoth Plantation was to follow in general one of the
several existing model designs but they realized that many details
would have to be changed. The logical one to use was that on display
in Pilgrim Hall, Plymouth, Massachusetts, which was designed by and
constructed under the supervision of Dr R C Anderson. This model.
described by Dr Anderson in the July 1926 issue of The Mariner’s
Mirror (vol 12, no 3), had a keel length of 64ft, a breadth of 26ft, and
a depth of 11ft. At the time I believed that the available data indicated
a slightly shorter and narrower but deeper ship. The proportions of Dr
Anderson’s model, however, were well within the possible range and I
drew a set of preliminary plans using his dimensions and basic features.

In the spring of 1952 my wife and I took a long combination
research and vacation trip to visit the important marine museums in
London. Stockholm. Elsinore, Amsterdam and Paris as well as some
smaller collections. Prints of the preliminary plans were discussed with
competent authorities on old ships in the various museums. In general
the preliminary work was acceptable but there were many suggestions
about details that would require more or less extensive changes. After
returning home and considering all my notes it seemed best to scrap
all the preliminary work and to start anew. In short, as it was likely
that I would be criticized for making changes in adapting any model
design to a full-size ship it would be better to present an entirely new
design that could be judged on its own merits. This I did.
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If the Mayflower, Christopher Jones, master, of the London Port
Books be accepted as the Pilgrims’ ship Mayflower, she was known to
have been afloat in 1609. A few reasonable assumptions push the date
back to February 1606. If she was new at about that time her probable
trade and builder would have to be considered in selecting her propor-
tions; if old, perhaps one of the anti-Armada fleet, there was no way of
knowing how far back proportions should be investigated. The further
back one goes the more meager becomes the suitable information. A
common merchant ship intended for the cloth, timber and wine trades,
in all of which the Christopher Jones Mayflower was employed from
time to time, would have required as much stowage space as possible.
This pointed toward a short length and relatively large breadth and
depth for a given tonnage as the structure of such a ship occupies a
smaller percentage of the internal volume compared with a longer,
narrower and shallower vessel.

Changes in the appearance and proportions of ships are usually
noted first in the larger, more important vessels. In recent years these
have been the large passenger liners; in the early seventeenth century
they would have been the royal ships and those of a few favored
merchants. An ordinary merchant probably would have sought a
shipwright operating a small yard who had been building to conserva-
tive proportions that had proved successful over a period of years. Even
so, any shipwright seeing the great new royal ships would have been
influenced somewhat by them. Assuming the Mayflower to have been
built in the very early years of the seventeenth century. prior to 1606.
a general increase in the length/breadth ratio of the royal ships might
have led this shipwright to improve somewhat on Borough’s ratios of
2 to 2.25 for merchant ships.

Included in the study of proportions was the small naval vessel
Crane built in 1590 by Richard Chapman. Her dimensions - keel
length 6Oft, breadth 26ft, and depth 13ft - were duplicated in an
example in Mathew Baker’s notebook, mentioned earlier, which
indicates that at least two shipwrights of the period were thinking
along the same lines. Both held Letters Patent as master shipwrights
building royal ships; probably their choices of proportions would have
been used by common builders within a decade. The Craze’s propor-
tions - length/breadth ratio of 2.31 with the depth equal to half the
breadth - indicated a conservative design of good capacity yet an
improvement on Borough’s merchant vessels. They were chosen for
the new Mayflower whose principal dimensions worked out as follows:
keel length 58ft, breadth 25ft, and depth 12.5ft. By the tonnage rule
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mentioned earlier these gave a burden of 181, close enough to
Governor Bradford’s ‘about nine score’ that odd inches were not
considered. '

With the dimensions finally settled there came the actual process of
drawing the lines plan which followed the routine outlined in Chapter 1.
The midship section shown in Fig 3 is actually that of the new May-
flower. Mathew Baker’s method of locating its proper position with
respect to the forward end of the keel, shown in Fig 8, was carried out
as follows:

Length of keel = ab = 58ft Oin

58ft Oin + 3 = 19t 4in = db

ac = cb = 291t Oin

cb - db = 29ft Oin - 19ft 4in = 9ft 8in = cd

cd + 3 = 9t 8in + 3 = 3ft 2%5in

cd + 2 = 9t 8in + 2 = 4ft 10in

ag = 29ft Oin + 3ft 2%5in + 4ft 10in = 37ft 0%sin

gb = 58ft Oin — 37ft 0%in = 20ft 11'5in
For the new ship the actual location used was 20ft 1lin abaft the
forward end of the keel. By a ‘ruell of proportion’ for calculating trim
this midship section location would give the ship a 23in trim by the
stern and so it proved when she was launched. For the profile of the
ship the rake aft of the sternpost was set at 4ft thus the forward rake of
the stem, assuming that the sum of the two equalled the breadth, was
21ft. The stem might have been drawn as a single arc or a combina-
tion of two arcs with the lower having the shorter radius; the latter
was chosen in this case.

38-8" | 19-4" f

410", |

' “ | [
3 EQUAL SPACES - 3-2% P |
~ F—M»——-——f-—*—l-} 1
! i

3 1L 'b
|
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LENGTH OF KEEL - 58-0"

LOCATION OF MAXIMUM SECTION = ag = 37°0%"

8. Plot showing location of maximum section on keel
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VI. Mayflower I, framing from astern, April 1956. (Author)

With the midsection drawn, its location on the keel calculated, and
the profile set down the next step was to draw the narrowing and
rising lines for the floor and maximum breadth. The half breadth of
the floor was taken from the midsection and tapered to zero at the ends
by arcs of circles. The floor rising line was also composed of two arcs
which intersected the stem at 5ft 3in and the sternpost at 7ft above the
top of the keel.

35



THE MAYFLOWER

As shown in Fig 4 long radius arcs shape the side from the stern to
about the forward end of the keel with a short radius arc at the bow.
By use of a diagram in the Baker MS the after part may be made
somewhat wider than a true arc. This diagram has been cited as the
basis for dating this MS as circa 1580, for it bears the note ‘The firste
that wase mad by this the Vanguard’. She was a large ship of 449
tons burden built by Mathew Baker at Woolwich in 1586. On the
premise that the new ship should represent a burdensome carrier the
bluffest of the bow lines shown in the MS and the above mentioned
diagram were used in drawing her breadth narrowing line. In the
absence of any definite instructions about the height of breadth line it
was proportioned from a drawing in the MS.

Using these narrowing and rising lines the sections forward and aft
were drawn by progressively changing the positions of the centers of
the three arcs or ‘sweeps’ used in delineating the midship section. The
radius of the floor sweep was proportionately shortened at each suc-
cessive section until it was zero at the stem and sternpost. Two
problems remained, the reverse curve from the floor sweep down to
the keel and the shape of the topsides. By using instructions from a
manuscript of about 1670 and doing a bit of trial-and-error work
reasonable looking reverses were drawn. For the topsides, the sections
aft were all straight lines of decreasing slope from the midsection to the
stern. Forward, the slope of the midsection was worked into a reverse
curve so that the forecastle rail was nearly vertical.

The new ship’s lines so drawn were believed to be as typical of the
period as reasonable study and effort could produce but, as with any
such project, further research uncovered more information. In 1955,
too late to change the plan, an anonymous and undated treatise on
shipbuilding of about 1620 was obtained from the Admiralty Library;
as mentioned in Chapter 1 this was published by the Society for
Nautical Research in 1958. The fact that the floor sweep radius did
not reduce to zero at the ends but, in effect, crossed the centerline and
that at the ends the floor sweep was not part of the section but served
only to guide the bottom of the body sweep would have affected the
lines as drawn only below the six foot waterline. The net changes
would have been small.

Considering the methods employed in drawing the lines they were
surprisingly good and it was believed that the ship would be reasonably
fast under sail. The return trip of the original Mayflower to England in
thirty-one days proved that she was no slouch. The poor windward
sailing ability of ships of the period can be attributed more to the sails
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and rigging than to hull form. The maximum speed of a bit over eight
knots attained by the new ship, not as high as expected, probably was
limited by the dragging transom as mentioned in the first chapter. On
the other hand she moves easily in a light breeze. Had modern
methods been used in drawing the lines some sharp curves would have
been smoothed out but many of the characteristics of early seven-
teenth-century ships would have been lost.

D. ARRANGEMENT AND CONSTRUCTION

The typical arrangement of decks shown in Fig 6 is actually that of
the new Mayflower. It follows the evidence of old paintings, prints, and
plans as well as the recommendation of Sir Walter Raleigh.

A problem peculiar to the arrangement and construction of a ship
reproduction that must accommodate a large number of visitors is that
of deck heights. In some locations small vessels of the Elizabethan
period had relatively low deck heights but clearances between decks
became greater as ship size increased. Scale drawings show that some
vessels of about the size of the Mayflower had the tops of their upper
deck beams about 5ft above those of the lower deck; on large ships the
corresponding figure was as much as 9ft. Deducting the thickness of
the deck planking under foot and the depth of the beams overhead the
clear dimensions might be only 4ft and 7Vaft.

A seaman of the Elizabethan period could be expected to accustom
himself to living and scuttling around in a restricted 4ft ’tween deck
space but not so with a present day visitor, especially as man’s average
height has increased noticeably during the past three and a half
centuries. In consideration of the heads of modern-sized visitors the
greatest dimension that could be justified - 7ft molded, ie from top of
beam to top of beam —~ was chosen for most of the deck heights in the
new Mayflower which gave about 6ft clear under the beams. The 7ft
dimension was taken from a scale profile of a vessel of about her size in
the Baker MS (00ft X 24ft X 12ft). The average visitor can walk
through the ship without ducking although most do. Of course,
between the beams, spaced about 4ft apart, the clearance is greater.
Even with 6ft of clear space and a total complement of but 33, one of
the crew of the new ship has written of ‘the lack of space and elemen-
tary sanitation, the ghastly authenticity of Mayflower’.? The small
master’s cabin is even more cramped as it has a molded deck height of
6ft with about 9in less in the clear under the beams.!?

Most of the structural midsections in the Baker MS show the lower
deck at side slightly below the height of maximum breadth, the
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position varying from 11.7 to 16 percent of the depth. A few have the
deck at the maximum breadth and this was the practice in later years.
On the midsection of the new Mayflower the lower deck was located at
11ft above the top of the keel or 12 percent of the depth below the
maximum breadth.

Two items had to be considered in fixing the positions of the lower
deck at the ends. Forward, the hawse holes for the anchor cables had
to be under the beakhead but above the lower deck. Aft, ports in the
stern for guns on the lower deck had to be under the main transom
beam at the head of the sternpost. A line connecting three points with
the foregoing considerations in mind might be straight or even have a
reverse curve similar to the popular sheer line for modern yachts. The
available evidence shows, however, the early seventeenth-century ship-
wrights used a normal sheer line — low in the middle and high at the
ends — but such a line often required steps in the deck toward the ends
to locate properly the hawse pipes and stern ports. Such steps were
usually down hence termed falls but there are examples of rises. In the
smaller vessels the forward step often was not needed and this was the
situation in the new ship. With the lower deck located the other decks
were run in at the pre-determined deck heights.

Turning briefly to the construction of the new ship, because of
timber supplies and strength requirements it was decided quite early
that her framing would not follow early seventeenth-century practice
but would be of the modern double sawn-futtock type. Each frame is
fabricated of a number of short overlapping sections each of half the
thickness of the full frame. ‘Modern’ as applied to this type of framing
is relative only; while used today for heavy construction it can be
traced back to about 1700. Fig 7 is actually a structural section of the
new ship as she would have been built in the seventeenth century.

The basic scantlings for the new Mayflower were derived from scale
drawings in the Baker MS, old specifications, and late seventeenth-
century scantling tables. As it was expected that she would be built in
the United States standard structural lumber sizes available there were
specified where possible. The sizes and arrangement of some structural
members were chosen, however, for reasons other than historical
accuracy, the future use of the vessel being a prime consideration.

The Governors of Plimoth Plantation authorized the preparation of
the plans and specifications that led eventually to the building of the
new Mayflower on the basis of a ship to float but not necessarily to
sail. As work progressed Plantation records indicated a possible 5000
visitors per day at the height of the tourist season and the two hur-
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ricanes Carol and Edna of 1954 demonstrated what could happen
again leading to the concept of a dry-land ship built on a concrete
foundation from the waterline up. In the eyes of public safety officials
such a structure would not be a ship but a place of public assembly
subject to certain regulations concerning strength. This consideration
determined the structure of the several decks which, though patterned
after early seventeenth-century practice. were made considerably
heavier. Although deck weights are high in the hull and adversely
affect the stability of a floating hull, no changes were made when
construction was started in England as the ship would still be subjected
to crowd loads when in her final exhibition berth.

The spacing of the beams for the lower and upper decks was set at
4ft; those for the superstructure decks were spaced to suit local
conditions. Fig 7 shows the ends of the beams supported by fore-and-
aft clamps, the upper member of which is notched. The clamps of the
main decks are composed of several pieces as it would have been
impractical to specify anything like the 18in width called for in a 1583
Dutch contract. To economize on material when the ship was built the
hanging knees of the lower deck were placed under the beam ends in
modern fashion but those for the higher decks are lapped on the sides
of the beams in the proper seventeenth-century manner.

The beakhead deserves some comment at this point; it is admittedly
of an old type in keeping with the design premise, a conservative type
of ship built about 1600 by a shipwright operating a small yard. The
beakheads of many models seem to have been stuck on the bow as an
afterthought; from some viewing points almost any beakhead will give
that impression. Careful study showed. however, that in profile most of
the old beakheads made structural sense by having some of their rails
landing on the main hull wales and moldings. This was particularly
true for vessels shown in the Baker MS after which the beakhead of
the new Mayflower was patterned.

By this time (1975) some readers of this book may have visited the
new Mayflower hence are familiar with her arrangement but for those
who have not a quick tour is in order. Omitting the process of getting
on board and staying out of the hold which can be assumed full of
bales, chests. crates. and barrels — but little or no furniture - the tour
can start on the lower deck at the very bow. Here is the manger, a
wooden bin under the hawse holes to collect water that might slop in
through them; at sea the hawse holes would be plugged. Looking aft
we get the impression of a 6ft high tunnel stretching 78ft back to the
transom. Here, too, is the foremast with the bowsprit on its starboard
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VIL. Ready for launching, September 1956. (Author)

side coming in through the upper deck and secured to the lower deck.
Just abaft the foremast are the heavy riding bitts, port and starboard,
that support a heavy horizontal windlass barrel; a single pawl bitt
stands on the centerline. A few researchers have suggested that the
windlass should have been on the upper deck abaft the forecastle;
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perhaps they are right but that location would have created problems
with cable leads and boat stowage. To starboard near the foremast is a
companion ladder with a hatch over in the upper deck. The anchor
cables are normally stowed in the hold being passed down through a
small hatch abaft the windlass.

The mainmast is slightly abaft the mid-length of the lower deck and
just forward of it is the main cargo hatch. Thus from the windlass to
the mainmast there is a fairly clear space about 26ft long and 22ft
wide obstructed only by a few light pillars. On normal trading voyages
non-perishable cargo probably was carried here. Abreast the mainmast,
port and starboard, are the log pumps which discharge on the upper
deck. In the seventeenth century the pumps might have discharged on
the watertight lower deck with the water flowing overboard through
leather-flapped scuppers along the sides. The manger is fitted with
similar scuppers. Chain pumps were invented during the reign of the
first Queen Elizabeth but probably were used then only in the larger
more important ships.

About 10ft abaft the mainmast is the double capstan that extends
above the upper deck where bars may be fitted, too, enabling from 8 to
16 men to heave at one time. Anchors can be weighed faster with the
capstan than with the windlass but a surge of the ship is liable to throw
the men from the bars. In merchant ships the capstan served mainly
for hoisting the yards and topmasts and for any special lifts including
cargo. Above the gunports in the transom are two small holes, ‘cat-
holes’, through which hawsers may be led to the capstan when it is
necessary to haul the ship astern.

Below the fall of the lower deck, about 12ft forward of the transom,
is @ bulkhead in the hold and the small compartment thus formed
would have served as the powder magazine. A small hatch gives access
to it. The after part of the main hold is used for ship’s stores and there
is a stores hatch just forward of the fall.

In this 'tween deck space there are ten gunports, two in the stern
and four in each side. The original ship may have carried two guns for
her stern ports but in view of the scarcity of ordnance and the crowded
* conditions with the Pilgrims on board she may have had only two on
each side. Ordnance types of the early seventeenth century had fanciful
names and there was considerable variation between pieces of the same
type. The largest gun in general use on shipboard was the demi-
cannon, a piece about 10ft long of 6%2in caliber weighing about
60001bs. In ordinary merchant ships smaller pieces, minions of 3%4in
caliber and falcons of 2in, were used as carriage guns with perhaps a
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few small swivels on the rails.

Coming in through a centerline port over the main transom beam is
the 15ft long tiller whose forward end is'supported by a light
transverse beam. Passing through a roller fitted in the upper deck is a
vertical wooden staff, the whipstaff, whose lower end has an iron ring
that slips over the forward end of the tiller. Going up a ladder through
the upper deck stores hatch we enter the steerage where the helmsman
works the whipstaff which can move the rudder about ten degrees to
either side. Just forward of the whipstaff is the binnacle, a small
wooden cabinet that holds the compass, candles to light it, the traverse
board, and the sand glasses that measure the time. The traverse board,
which resembles a circular cribbage board, was used to mark the
length of time sailed on a particular compass course and estimates of
speed during each watch.

Through a small hatch in the halfdeck the helmsman can by day see
the sails on the mainmast to aid in steering and at all times receive
orders from the officer on deck who is conning the ship. It is worth
noting that while the left side of the ship was the ‘larboard’ side when
referring to anything located there, the order to the helmsman even in
1620 was ‘Port the helm’. And with the whipstaff method of steering
the top of the staff, the rudder, and the ship’s head go in the same
direction just as with the approved modern method of arranging the
steering gear.

As applied in ships of the period the term ‘cabin’ is a bit confusing.
In some cases it meant what it does today, a room or compartment in
a ship, but it also meant a temporary shelter set up by the ship’s
carpenter. A third definition was some sort of a hanging contraption
that could be folded up to the deck above; this might even have been a
simple hammock. Still another type was a berth with a hinged or slid-
ing door much like the cupboard type bunks that may still be seen in
old Dutch cottages. Berths or ‘cabins’ of this latter type would
normally be found in the steerage but were omitted from the new ship
to leave walking space for visitors.

We enter the great cabin at the stern through a door to starboard;
there is a small fall in the upper deck here to make this cabin as
spacious as possible. The mizzenmast is stepped just abaft the bulk-
head. When the Pilgrims were on board this cabin probably was
cluttered with a number of temporary bunks but the normal fittings
would have been quite simple. Across the after end under the three
diamond-paned windows is a built-in settee with a bolted-down table in
front of it. Other furniture would have been a berth with drawers

42



THE MAYFLOWER

under on the port side forward; a cabinet for storing books, charts,
navigating instruments, mugs, dishes, and table cutlery; a long bench;
and one or two threelegged stools. A couple of lamps or candle
lanterns, a musket, a brace of pistols, and a cutlass hanging on the
bulkhead would complete the equipment.

Going through a door in the forward steerage bulkhead we find the
upper part of the capstan, the mainmast, and the log pumps. Just
abaft the mast and slightly to starboard is a 12in square vertical timber
extending 4ft above the deck and fitted with four large sheaves; its base
is secured to a lower deck beam. This is the main knight which serves
as the lower block of the main halyard. Similar knights are fitted abaft
the foremast on this deck and just forward of the mizzenmast on
the halfdeck. The term ‘knight’ derives from the fact that on large
elaborately-decorated ships the tops of these timbers usually were
carved to represent a helmeted knight’s head.

Between the mainmast and the forecastle is a long hatch, ‘the
gratings’, which were just what the name implies, a series of wooden
gratings supported by strong beams. Their main purpose was to
provide light and air to the 'tween deck space. Normal hatches were
fitted with sectional wooden covers made watertight by tarpaulins
secured with lashings but the gratings were covered with tarpaulins
only in very foul weather. The ship’s boats usually were stowed on the
gratings although in all but the worst weather the long boat was
usually towed astern.

Passing into the forecastle through a double door on the centerline
we see the upper deck companion hatch to starboard, as noted earlier,
and the galley is to port ‘especially being contrived in furnaces for the
saving of wood in long journeys’. The latter may have applied in large
ships but ordinary vessels apparently had no more than a simple hearth
fitted with a spit and a kettle crane. The fore knight stands a little abaft
the mast to port; there is a small hatch in the forecastle deck for the
halyard falls.

Small doors port and starboard in the forward forecastle bulkhead
give the crew access to the beakhead. The names of the upper deck
bulkheads are slightly confusing as this forward one is the ‘beakhead
bulkhead’, the after forecastle bulkhead is the ‘forward cubbridge
head’, while that under the forward end of the halfdeck is the ‘after
cubbridge head’. The term ‘cubbridge head’ comes from medieval
days; its derivation is too lengthy to discuss here.

Going aft again we climb up to the halfdeck. As built, there was a
short length of portable grating at its forward end to allow the capstan
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spindle to be hauled out and replaced if broken or badly worn. In
consideration for the high heels of lady visitors this was planked over
in the mid-1960s. Part of the forward rail heré is a small belfry for the
ship’s bell. At the stern is the master’s cabin with its door to starboard
and a ladder to the poop deck above on the port wide. Light is provided
by small diamond-paned windows, one in each side and one in the
bulkhead. The cabin’s bulkhead is just far enough abaft the mizzen-
mast to allow the lateen mizzen yard to swing between them as it is
shifted to the lee side of the mast when the ship is tacked.

Now take this brief description of the new Mayflower and add on
the weather decks a multitude of cleats, kevels and pins for belaying
the running rigging with coils of rope on each. Place on board 102
assorted Pilgrims and colonists plus a crew of 25 or 30. Stow in the
hold all the goods needed for founding and maintaining a colony for a
considerable period. Clutter up the “tween deck space with a cut-down
shallop. Add cold weather, cold water dripping on all through leaky
decks and topsides, and toss liberally around the North Atlantic for
two months. Season the situation with the inevitable difficult relations
between members of a large group living in confined spaces. When the
ship is finally riding safely at anchor off the tip of Cape Cod one cannot
help but admire the courage and fortitude of the little band whose
condition was described by Governor Bradford:

But here I cannot but stay and make a pause, and stand half amazed at
this poor people’s present condition; and so I think will the reader, too,
when he well considers the same. Being thus passed the vast ocean . . . they
had now no friends to welcome them nor inns to entertain or refresh their
weather beaten bodies; no houses or much less towns to repair to, to seek
for succour.

E. MASTING AND RIGGING

The original Mayflower may have had one of the two-masted rigs
mentioned in the first chapter but as the consensus of researchers
favored the standard three-masted rig it was chosen for the new ship.
Once this decision was made the immediate problem was to select the
sizes of the various spars. There are three good sources for the needed
information — Mathew Baker’s notebook, the anonymous MS A Most
Excellent Mannor for the Building of Shippes in the library of the
Royal Institution of Naval Architects (hereafter cited as the RINA
MS), and Mainwaring’s The Seaman’s Dictionary. None give dimen-
sions for all the spars of a ship but by using all three a reasonable set of
dimensions was worked out for the new Mayflower.
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Spar Dimensions

Baker RINA Main- New

MS MS waring Ship

Mainmast 1 71-3 67-6 60-0 67-6

d 21% 20 202
Main topmast I 30-9 $51=9 30-0 I3EY

d 9Vs 10 9
Foremast 1 57—-10% 48-0 57-9

d 18va 16 17
Fore topmast [N GESS 28—-11% 24-0 29-0

d 7 Vs 8 7Y
Mizzenmast 1 30-0 41-8

d 11% 10 102
Bowsprit 1 57-10% 48-0 DI

d 14V, 16 13
Main yard 1 58-6 54—0 48-4 54-0

d 14Ys 12 13Ys
Main topsail yard 1 19=6 20-8Y%2 21-6

d 4% SYa 5 ¥
Fore yard 1 43-6 40-6 38-8 40-6

d 11 9% 10
Fore topsail yard 1 14-7% 16-7 16-3

d 3% 4 Vs 4%
Mizzen yard 1 40-06 40-06

d 10
Spritsail yard e 32=7" 30-4'2 30-4%2

d

8Y4 6V

I=Ilength in feet and inches; d = diameter in inches

Mathew Baker’s notebook contains simple charts from which, by
laying a straightedge from an index point to a value on a basic scale,
lengths and diameters of various spars can be read off intermediate
scales. For the lengths of the masts the basic scale is for half the
breadth plus half the depth; the chart for mast diameters is based on
the length of the mainmast. The basic scale for the lengths of the yards
is the keel length minus twice the breadth with the difference divided
by nine and added to the breadth. The same chart using as the basic
scale the length of the main yard gives the diameters of the various
yards.
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VIIL. Fitting out Mayflower Il in dry-dock. (Popperfoto)

In the RINA MS the length of the mainmast in yards is three-fifths
of the sum of the breadth and depth in feet. The foremast and bowsprit
are six-sevenths of the mainmast while the topmasts are half their
lower masts. The length of the main yard in yards is equal to one-third
the sum of half the keel length plus the breadth in feet. The fore and
mizzen yards are three-quarters of the main yard while the spritsail
yard is three-quarters of the fore yard.

Mainwaring based the length of his mainmast on the ship’s breadth,
four-fifths of which in feet is the length of the mast in yards. The
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foremast and bowsprit are four-fifths of the mainmast while the
mizzenmast is half its length. Topmasts are half the lengths of their
lower masts. All masts have one inch of diameter for each yard of
length. The length of the main yard is five-sixths of the keel length.
The fore yard is four-fifths of the main yard while the topsail yards are
three-sevenths of their lower yards. The lower and topsail yards are
three-quarters of an inch and the spritsail and mizzen yards half an
inch in diameter for each yard of length. Mainwaring noted that
neither the proportions for the masts nor the yards are absolute:
‘... if a man will have his mast short he may the bolder make his
topmast long’ and °. .. he that will have a taunt mast may have the
narrower yards (and so contrary)’.

Based on the dimensions of the new Mayflower the table on page 45
gives the spar lengths and diameter according to the three sources as
well as those selected for the new ship. In general the lengths are based
on the RINA MS with the appropriate diameters read from Baker’s
charts. The topsail yards are about two-fifths of their lower yards,
longer than Baker’s one-third but shorter than Mainwaring’s three-
sevenths.

Fig 9 shows the outboard profile and sail plan of the new May-
flower. The detailed information needed for locating the masts and for
the various items of rigging came from a contemporary treatise on
rigging.!! Mainwaring’s dictionary, the published works of Ander-
son,!2 Miller,!3 and Moore,'* and drawings in the Baker MS. Space
does not permit a complete treatise on seventeenth-century rigging
hence the paragraphs to follow will be limited to a discussion of some
of the unusual items and differences between the sail plan and what
was fitted on the ship for her Atlantic passage.

First we might note the athwartship ropes supporting the fore- and
mainmasts. Today the average sailor would call them ‘shrouds’ but
there is confusion as to what they were called in the seventeenth
century. According to rigging data the group included shrouds (4, 5,
6, or 8 per side depending on the burden of the ship), swifters on the
mainmast only, and backstays. Depending on the reading of one source
swifters were single or double, and all the backstays were single. Four
shrouds per side were fitted on both fore- and mainmasts; two swifters
plus a backstay gave a total of seven ropes for the mainmast while the
single backstay forward made the total five for the foremast.

Judging from pictorial evidence ratlines were fitted across all the
above regardless of name. According to Dr Anderson the ratlines were
clove hitched to all instead of having seized eye splices at the ends as in
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later day practice. This was done on the new ship with the short ends
seized down but the ratlines were kept clear of the main backstay
which had the main topsail brace and mizzen bowline pulling on it.

The shrouds, swifters and backstays are secured to the hull by the
usual system of deadeyes and lanyards. The deadeyes, however, differ
from those usually seen today; they have a slight melon-seed shape, flat
sides, and are quite thin, somewhat less than twice the thickness of the
shroud or stay to which they are fitted. They are based on actual
seventeenth-century examples dug from the harbor of Kalmar, Sweden.
The lower deadeyes are fastened to the hull by short lengths of chain.

The lower yards are not secured permanently aloft by metal fittings
as in later times but can be lowered to the deck. All yards but that for
the spritsail are hoisted by ties and halyards. Based on the best
evidence the double ties of the lower yards pass through smooth holes
cut in the cheeks of the fore- and mainmasts rather than over sheaves
that might fail under the strain. The lateen and topsail yards have
single ties working through holes in the masts. Normally light
purchases called ‘jeers’ were fitted to supplement the ties and halyards
of the lower yards, safety devices that increased in size and power and
eventually took over the whole job. As the new Mayflower was to
make but one major passage and that with new rigging the jeers were
not fitted.

Each yard is held close to its respective mast by a parrel, an
assemblage of vertical wooden bars known as ‘ribs’ and heavy wooden
rollers called ‘trucks’, all threaded on and bound together by a rope.
Seventeenth-century ships would have had woven rope mats fitted
between the lower yards and the masts and perhaps on the other yards
as well to prevent galling. Ships of later periods had heavy wooden
saddles fitted on the yards to ride on the masts. For convenience
leather-lined saddles of oak were fitted on the new Mayflower for her
Atlantic passage but they have since been removed.

Many of the leads of the lifts and braces controlling the yards
seemed strange and temptation to use what became standard in the
later days of sail had to be overcome. Items in this category were the
various braces that were secured to stays and shrouds, very flexible
points of attachment, and the lower yard lift blocks located below the
tops.

Generally speaking ships of the Elizabethan period were propelled by
the square sails on the fore- and mainmasts; the spritsail under the
bowsprit and the lateen mizzen were primarily for balance. The ship
was put on her desired course and the latter two sails adjusted so that
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but little rudder action was needed to keep her there. The topsails were
considered light sails and were the first taken in as the wind increased;
there were no reef points for reducing their area. The area of the fore
and main courses, the mizzen, and sometimes the spritsail could be
reduced by unlacing a strip of canvas along the foot called a ‘bonnet’.
Large ships often had one or two additional strips termed ‘drabblers’
laced to the bonnets. The new ship has bonnets for her courses and
mizzen only; drabblers were not provided.

For handling the sails - setting and furling - there were. in general,
all the ropes that became standard on later day square-riggers but, as
with the gear for the yards, there were some unusual leads along with
a few items that were gradually eliminated from ships with the passing
of time. Three buntlines each were specified for the fore and main
courses but none for the topsails although sources of information
differed on this point. For the Atlantic crossing these were increased to
five on the main course, four on the fore, and two on each of the
topsails; none could deny that they were not useful.

Perhaps the most complicated bit of gear used in furling each of the
courses and the mizzen was the assemblage of pendants and falls called
a ‘martnet’. It is obvious from some pictorial representations that
many marine artists of the period did not understand their use or how
they were rigged. The basic purpose of the martnets was to haul the
leeches of a sail up to its yard and to form a six-legged net around the
sail. In earlier times when it was the practice to lower the yards when
furling the fore- and mainsails, which could only be done after the
topsails had been taken in, the upper pendants were secured below the
tops and the assemblage tightened and did its job as the yard went
down. By 1620 topsails often were carried over furled courses and to
make the martnets effective the upper pendants were secured to the
topmast heads as shown on the rigging profile.

The rigging profile shows the fore, main, spritsail, and mizzen
sheets rigged with purchases. While these items and certain other gear
seemed quite heavy, the reason may be found in conditions at sea
around the time of the original Mayflower. A ship’s master considered
himself lucky if he set sail with a crew twice as large as needed to work
his vessel. This was because of the losses he knew would occur from
sickness caused by poor food and living conditions and those caused by
conflicts with pirates and ships of unfriendly nations. Then with
perhaps only a few of the crew able to work, purchases definitely were
necessary to handle the sails and other gear. Some of the new May-
flower’s crew had served on the Peguod during the filming of
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Melville’s Moby Dick where it was found that with a modern healthy
crew certain purchases were not required. For the same reason the
aforementioned sheets were singled up for' the new ship’s Atlantic
passage.

At the time of the new Mayflower’s sailing trial no-one on board
had set or trimmed a spritsail and it was hard to believe some of the
positions shown in old prints. Before the wind there was no doubt but
that the yard should be roughly parallel to the water’s surface but for
windward work it was readily apparent that such a position would not
do as there was nothing to hold the leech of the sail taut. Then the
yard was trimmed like any other by pulling on the braces with a slight
adjustment of the lifts. This put the lee yard arm high in the air, made
the yard itself the leading edge similar to a lateen sail — just like the
old prints - and there was no more trouble.

If the setting of the spritsail was confusing at first the lateen mizzen
seemed even more so, for it was to be shifted to the lee side of the mast
on each tack. Because of the mizzen stay, shrouds, and main topsail
braces it could not be swung forward of the mast as on the Arabian
dhows so it had to be topped to a vertical position and the foot of the
yard carried around the after side of the mast. While seemingly difficult
this is relatively simple in practice as the mizzen does not have the
same taper in each direction but is much heavier at the foot. One man
hauling on the lift runner can raise the yard to the vertical while two
others ease the foot around the mast, unhooking and rehooking the
bowlines as it passes.

Early seventeenth-century ships did not have footropes on the yards
for the seamen to stand on when furling the sails. According to
pictorial evidence the men sat straddling the yards but it is a bit of a
mystery how they managed to gather up a course or a spritsail and
pass gaskets around it. The topsail yards, however, were short enough
that it was possible to reach almost to the yard arms from the top.
Most old pictures show the furled sails hanging rather loosely below
the yards; in all probability they were seldom if ever furled in the
tighter smooth manner of the smart packet and clipper ships. Common
sense as well as modern safety regulations dictated the fitting of foot-
ropes on the yards of the new Mayflower.

IX. The standing rigging nears completion early in 1957. (Popperfoto)
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A final word about the rope work in general. Rope work is one of
the arts of a sailor and the appearance of a sailing ship was judged by
the finish of her rigging. It is true even of yachts today although the
number of chrome fittings or winches seem to be new standards. The
highest development of rope work came during the nineteenth century
on packet ships, clipper ships, and particularly on whaling vessels
where the men had plenty of time to devote to it. There is little
definite information on just how things were done in the early seven-
teenth century but, in rigging the new Mayflower, it seemed reason-
able to assume that everything was done in the simplest fashion with
no fancy work.

F. BUILDING AND TRIALS

On 28 July 1955 the keel of the new Mayflower was officially laid
with appropriate ceremonies in a small shipyard in the town of
Brixham, Devon, England, not far from the port of Dartmouth where
the original Mayflower and her consort, the Speedwell, sought refuge
after the latter sprang a leak at sea. Actually 4 July saw the first
section of the keel positioned in the yard of the firm chosen to build
the ship, ] W and A Upham Ltd, which had been building vessels
there since 1838. The firm could trace its existence back to 1807 but
it is not known just where on the harbor the earlier vessels were built.

In 1955 the affairs of the company were guided by three directors -
Percy A Upham, his son Stuart A, and J] H Holman. Both Uphams
were natives of Brixham while Mr Holman came from Cornwall
which, according to local saying, is just across the river from England.
The bulk of the work fell on the shoulders of Mr Stuart, to use yard
terminology, but in spite of his eighty-odd years, Mr Percy, who had
worked in the yard since boyhood, was there every day to check on the
work. The fact that the Mayflower put to sea and successfully
completed a trans-Atlantic passage with But two hours’ trial spoke
volumes for the loving care that the entire personnel of the Upham
yard devoted to the ship.

In spite of the fact that the keel was laid in July visitors to the yard
saw little apparent progress until November because of two big jobs
that had to be done. The first was the ‘lofting’ of the lines, the process
of transferring the dimensions of each frame of the ship from the plan
to full size in chalk on a shed floor. From the full size body plan molds
were made of thin wood which were used in cutting out the futtocks
that made up a full frame. The second big job was to find and transport
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to the yard a small forest of well-curved Devon oak logs for the
framing.

The shipwrights took each mold to the pile of logs and selected one
of about the right shape. A horizontal power-driven saw with a
travelling bed was used to cut slabs off the sides of the log while a band
saw cut the rough shape of the inside and outside of the piece of frame.
An adz was employed to give the proper finished shape.

For the construction of the new Mayflower many old shipbuilding
skills and tools had to be dusted off. Vessels requiring the sizes of
timber used in her had not been built in Brixham for years but there
were still old shipwrights who could handle the tools and young ship-
wrights and apprentices willing and eager to learn. It was not thought
necessary, however, to resurrect the ancient art of pit sawing; power
saws were employed as noted above. Another concession to modern
times was the use of electric drills although hand augers were
employed for many of the holes of which there were thousands. I
cannot resist the temptation to say that the use of hand augers can be
very boring in hard oak.

By Thanksgiving Day 1955 the ship looked something like the
backbone of a fish that one might find on a beach. The stem and inner
apron had been set up on the forward end of the keel and most of the
floor timbers were in place. By the end of the year the first of the
frames were erected and the vessel, with her curious bulges, looked
much like the skeleton of a whale. At the time of my third trip to
Brixham in April 1956 the framing had been completed to the upper
deck and the lower deck clamps were in place. On the outside of the
hull the lower of the two heavy wales had been fitted and there were
eight strakes of oak planking beneath it.

There is much more to shipbuilding than just constructing the hull
hence many other items had to be considered and work started on
them, too, so that they would be ready to go into the ship at the
proper time. Among these items were the masts and yards for which
no suitable timber could be found in England. Special Douglas fir logs
were obtained and shipped over from British Columbia.

Progress on the hull continued steadily through the summer of
1956 working toward a launching date in September. When thinking
of a launching several pictures come to mind - a brilliant day, a pretty
lady breaking a ribbon-bedecked bottle on the stem, a slow majestic
slide into the water with great waves washing around, and finally,
fussy little tugs shepherding the new ship into her outfitting berth.
The new Mayflower, complete to the lower deck, was launched at
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8.00am on Saturday, 22 September 1956, during a rousing thunder-
storm, one of the worst that South Devon, a region where thunder-
storms are rare, had experienced for some time. According to old folk-
lore this meant that the ship would be lucky and I was told later that
in some parts of England people had prayed for a thunderstorm that
morning.

A public address system installed in the Upham yard for the
occasion succumbed early to the storm hence the service of dedication
and speeches by those connected closely with the project were lost to
all but the few guests around the speakers’ platform under the ship’s
great stem. All, however, joined in the hymns ‘O God of Jacob’ and
‘Abide with Me’ which were echoed by the crowds on the quays and
house-tops of Brixham across the harbor.

The launching ceremony followed seventeenth-century practice in
which the sponsor was a man, in this case one who had done some-
thing dramatic for Anglo-American relations, Reis Leming from
Yakima in the State of Washington. While serving in the United States
Air Force and stationed in England he saved twenty-seven British lives
during the serious east coast floods in 1953 for which he was awarded
the George Medal by Queen Elizabeth II. The seventeenth-century
sponsor did not smash a bottle on the ship’s stem but drank a toast to
her from a wine-filled standing gilt cup, spilled a little on the deck as
he named her, and then heaved the cup into the water. A hardy
swimmer usually went in after the cup and sold it back to the master
shipwright. For the new Mayflower the ceremony was expanded so
that Stuart Upham and all the shipwrights who had worked on the
ship joined in drinking the toast from a silver goblet after which it was
thrown into Brixham harbor. A hardy swimmer, Beric Watson - a
future member of the crew — went after the goblet and then, only
slightly wetter than most of the guests, presented it to Mary Ann, Reis
Leming’s charming wife, as a memento of the occasion.

Then came the crucial time. On each side of the ship ten ship-
wrights with mauls commenced driving in wedges, three to each man,
to transfer the ship’s weight from the keel blocks to the launching
ways, all done in time to a chant sung in the old manner by George
Phillips, Foreman Shipwright:

One blow, two blow, three blow
Strike her hard, strike her hard
Inch a blow, up she go

One blow, two blow, three blow.
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After a rest the process was repeated until the supporting shores and
keel blocks could be knocked out. Iron safety dogs holding the sliding
ways to the standing ways were removed and when Stuart Upham
counted ‘one-two-three’, a single spur shore on each side was knocked
clear.

With no hesitation the new Mayflower slipped down the ways, gave
a graceful curtsy as she took to the water and skittered out across the
harbor, scattering a fleet of small sightseeing boats and yachts. The
band of the Somerset Light Infantry played ‘The Battle Hymn of the
Republic” while three cheers were called and given with gusto by the
crowd. There were few dry eyes among those closely connected with
the project as the ship floated gracefully on the calm waters of Brixham
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