
 

From Oxen to Slaves: A Brief History of the Animal-Powered  
Paddle Wheeler 

By Donald Grady Shomette 

 
uring the joint reign of Roman 

Emperors Valentinian I and Valens, 

ca. 367 A.D., an anonymous Roman 

citizen set to parchment a remarkable treatise 

on military invention entitled De Rebus 

Bellicis (ñOn Military Mattersò).  Among the 

many innovations proposed in this 

extraordinary work, which described a 

number of fanciful devices designed to save 

the empire from the growing tide of barbarian 

invasions, was that of the Liburna, an oxen-

powered seagoing battle ram, the first known 

vessel in history designed to employ paddle 

wheels as a means of propulsion.  It was also 

the first vessel to utilize animal strength as a 

direct source of motive power for a vessel.  

The principle was simple.  Three tethered oxen, 

walking on a treadmill, turned capstans, providing the 

force.  The vessel was propelled by means of a simple 

pair of gears, which harnessed the power that rotated six 

paddle wheels 

By the time of the Liburna concept, the origins of 

the paddle wheel were already well lodged in antiquity.  

The earliest known mention of the paddle wheel is in a 

work called Pneumatics, written by Philon of Byzantium 

ca. 250 B.C., which described the principle of the 

undershot water wheel and of putting the energy of 

running water to practical use.  Philon presented for the 

first time a practical application of the idea: a chain of 

buckets driven by an undershot water wheel with a series 

of spoon-shaped spokes arranged in a circle around the 

 

hub.  In introducing this water-hoisting apparatus, he 

remarks that the wheel ñcan be applied to many other 

uses.ò And in describing one of the model water wheels 

he says it had around its rim ñopenings like the openings 

of water wheels without paddles,ò implying that water 

wheels with paddles were already well known. 

The adoption of the paddle wheel for propulsion as 

presented in the Liburna plan was the first to reverse the 

use of the paddle wheel, to generate motive force 

through water instead of from water.  Although it is 

uncertain whether the oxen-powered Liburna was ever 

built, there is some indication that it was used in the last 

days of the Roman Empire when it was reported that the 

legions of Claudius Caudex ñwere taken to Sicily in 
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boats propelled by paddle wheels driven by oxen.ò 

Paddle-wheeled water transport became common 

soon afterward, probably about the fifth or sixth century 

A.D. in the Far East.  The earliest certain evidence is a 

record concerning Li Kao, governor of Hungchao, in 783 

A.D. 

Li Kao, always eager about ingenious 

machines, caused naval vessels to be 

constructed, each of which had two wheels 

attached to the side of the boat, and made to 

revolve by treadmills.  These ships moved 

like the wind, raising waves as if sails were 

set. 

By the early 12th century, Chinese paddle-wheeled 

battle ships were being frequently employed in a naval 

arms race set in a protracted civil war.  Much of the 

fighting centered on the control of strategic inland 

waters, rivers and lakes, for which paddleboats, powered 

by the legs of their crews and not dependent on the wind, 

were ideal.  These ships increased in size, some 

approaching several hundred feet in length.  Some were 

capable of carrying 700 to 800 hundred men apiece and 

were propelled by the energy of more than twenty men 

on treadmills or turning capstans.  By the end of the 

wars, both sides had reportedly fielded thousands of 

such vessels, but with the end of hostilities, paddleboats 

in China soon went out of favor. 

 

n the west, the concept of the paddle wheel for 

propulsion would have to await the dawn of the 

Renaissance before it would again be revived, and then 

only in a few early theoretical treatises on warfare.  In 

the 13th century, the English inventor Roger Bacon 

toyed with the concept, while in 1328, Guido de 

Vigevano, advisor to King Philip V of Valois, produced 

a military treatise to aid an expedition to the Holy Land.  

Here we again see the use of paddle wheels for the 

propulsion of a purely military vessel.  The vessel, 

probably a small boat, was to be held up by floats 

formed of casks but was also fitted with paddles moved 

by handles.  Vigevano described the whole process of 

construction of the vessel, which was unique in that it 

could be broken down en fagot, or into bundles, and 

transported piecemeal on the backs of horses. 

About 1405, in a treatise by Konrad Kyeser 

dedicated to Emperor Ruprecht of the Palatinate, we 

again see details for paddle-wheel ships as well as ships 

mounted on wheels moved overland by an internal 

crank, sometimes propelled by a horse-driven wheel. 

A quarter of a century later, military vessels with 

four paddle wheels mounted on crankshafts and turned 

by four men covered by a protective roof festooned with 

portholes, are pictured in several treatises.  The use of 

the paddle wheel to propel a vessel along was soon being 

explored, primarily for use on canals and rivers.  In 
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1450, one Renaissance engineer illustrated paddle 

wheels harnessing a riverôs current, which served to 

wind up a rope around their shaft.  This rope, tethered 

upstream, pulled the vessel forward.  

In 1472, Robertus Valturius, in a treatise published 

in Verona entitled De re militari, presents us with a 

work addressing an illustration by Matteo de Pastis in 

which two vessels are pictured, one with five pairs of 

paddles mounted on coupled crankshafts, presumably 

turned by human strength. 

As the Renaissance took root, the concept of 

paddle-wheeled propulsion grew in popularity among 

such thinkers as Leonardo da Vinci, Marcus Pollio 

Vitruvius, and Agostino Ramelli.  In 1500, Da Vinci, 

who is credited with such wonderful inventions as the 

water-powered clam dredge, land cars moved by wheels 

and cogs, and the double-hulled ship, also presents us 

with a paddle-wheeled vessel driven by humans.  The 

paddle wheel had come of age, if not in practical terms, 

at least in the fertile minds of the Renaissance thinkers 

and artists.  It can be no accident that in Raphaelôs 1514 

masterpiece Galatea, we see a nymph supplementing 

dolphin power with an auxiliary paddle wheel. 

Not since Roman times, however, had a paddle-

wheeled vessel ever been fielded in the West.  Indeed, 

not until 1543 would its first field test be undertaken, 

and then not by a theoretician but by a practical mariner.  

In that year, one Blasco de Garay submitted to Emperor 

Carlos V of Spain a plan to move ships without the aid 

of oars or sail.  De Garayôs plan called for outfitting the 

109-ton ship Trinidad with paddle wheels to be turned 

by a windlass powered by twenty-five men.  Under the 

command of Captain Pedro de Scarza, the experiment 

was successfully concluded in Barcelona harbor on June 

17, with the ship reaching a speed of 3.5 knots. 

Despite the success of Trinidad, the concept was 

considered little more than a curiosity.  In 1552, a copy 

of the anonymous Roman inventorôs 4th-century Liburna 

plan was published in Basle, Switzerland, but drew only 

minor interest.  Not until 1576 would field experiments 

be renewed, this time by a Dutch admiral named Boisot, 

who constructed a double-hulled vessel called Caste of 

Delft for testing.  The vessel was propelled by a centrally 

placed paddle wheel geared to a windlass turned by a 

dozen men.  Its success is unknown, but presumably the 

effort was not ignored, for two years later the 

Englishman William Bourne published a work on 

propelling vessels by paddle wheels powered by oxen, 

horses, or men. 

 

he military value of such innovative thinking was 

clear.  In 1588, the Italian engineer Agostino 

Ramelli published a plan for a flat-bottomed amphibious 

boat equipped with wheels and paddle wheels on each 

side that were moved by a winch turned by a man inside 

the vessel.  The vehicle was actually more of a 

composite amphibious assault ship and tank to be used 

in crossing defensive moats.  When together linked with 

others of its kind, it provided a sheltered tunnel leading 

to breaches in enemy defense works. 

Nearly a century would pass before the English 

would again enter the invention fray.  In 1661, Edward, 

Marquis of Worcester obtained a patent to make ña boate 

that roweth, draweth or letteth, even against winde or 

streame,ò in which ñthe force of the winde or stream 

causeth its mocon.ò Two years later, he designed ña 

vessel of a great burthen as the river can beare, to go 

against the streame.ò The vessel was to be towed with a 

rope fastened upstream and worked by means of paddle 

wheels.  It was clearly little more than a reiteration of 

ideas put forth nearly two centuries earlier.  It is 

unknown if the vessel was ever built. 

In 1682, Prince Rupert of the Rhine, First Lord of 

the Admiralty of England (who may have been inspired 

by seeing a drawing of the Roman Liburna in a German 

manuscript copy of De Rebus Bellicis) built a horse-

powered paddleboat, which drew 4.5 feet of water and 

was propelled by four, six, or eight horses.  In a contest 

conducted on the Thames River, Rupertôs vessel easily 

outstripped the kingôs royal barge, rowed by sixteen 

men.  The Admiralty, however, considered the 

experimental vessel far too expensive for practical 

application.  The concept was quietly shelved, and the 

experimental horse boat was employed thereafter as a 

navy towboat at Chatham. 

The English persisted in their experimentation.  In 

1696, Thomas Savery obtained a patent for his ñnew 

invencon, for rowing of ships with greater ease and 

expedicon than hath hitherto been done.ò Saveryôs 

design called for propelling the ship by means of paddle 

wheels turned by men at a capstan.  He pressed his 

concept with the Admiralty but was soundly rejected by 

the conservative-thinking high command of the Royal 

Navy.  Undismayed, Savery published a pamphlet on his 

T 

Detail of Blasco de Garay's Trinidad paddle assemblage. 
Museu Maritim de Barcelona, Barcelona, Spain. 
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invention in 1698 in an effort to reverse the navyôs 

opinion, but to no avail. 

 

y this time, the French had begun to experiment 

with paddle wheelers and soon took a commanding 

lead not only in theoretical development, but also in 

practical application.  In 1693, J. M. de Chazelles began 

experimentation with a paddle-wheel boat driven by 

manpower, and on February 12 successfully concluded 

his field tests at Marseilles.  But his work, too, was 

largely ignored.  In 1707, the French physician Denis 

Papin constructed a paddleboat driven by human 

strength and tested on the Fulda River in Germany.  The 

tests were successfully completed, but again recognition 

was not forthcoming.  

Seven years later, a French inventor named Duquet 

proposed a unique variant of an accepted power source: 

wind.  His plan called for the mounting of turntable 

windmills on the deck of a ship to drive a pair of paddle 

wheels.  Although the concept seemed sound, 

experimentation would not be carried out for another 

two years and half a world away in America.  But the 

principle of paddle-wheel propulsion would continue to 

be sporadically toyed with by the French for years to 

come.  In 1732, for instance, the Count of Saxe 

developed his own scheme for a vessel powered by 

horses turning paddle wheels located on the side of a 

boat.  It was a plan that varied little from the horse-

powered paddle-wheeled vessels that would one day be 

found on many rivers and lakes in America. 

In 1753, the Swiss mathematician and physicist 

Daniel Bernoulli, an authority on hydrodynamics and 

ship propulsion, entered a competition sponsored by the 

Paris Academy of Sciences for the best manner of 

propelling boats without wind.  Bernoullli proposed that 

vessels of 100 tons be fitted with six wheels six feet in 

diameter, with propeller blades of iron mounted on 

shafts on both sides of vessels at the stern to act in the 

water.  Horses or humans could turn the wheels. 

In 1785, Benjamin Franklin considered the use of 

paddle wheels immersed in water up to the axle at the 

stern of a vessel, and engaged the idea of using pumps to 

take water in at the bow and discharge it from the stern 

to move the paddles and the boat along. 

The English again took up the contest in October 

1786, when Patrick Miller, of Dalswinton, England, 

launched a tri-hulled ship named Edinburgh at Leith.  

This vessel consisted of three hulls held together by 

cross beams.  Each hull had its own rudder.  Three tillers 

were moved by a central management system.  

Edinburgh was fitted with two paddle wheels six feet in 

diameter and four feet wide.  The ship was 73 feet 3 

inches in length and 22 feet 6 inches abeam.  Her 

paddles were operated by manual power.  One of the 

unique improvements in design was the ability to raise 

and lower the paddle wheels in the water.  As a backup, 

in case the paddle wheels failed, Miller had three sails 

mounted on the ship.  In June 1787, Edinburgh was 

successfully tested on the Firth of Forth, apparently 

along with a second vessel, an unnamed double-hulled 

paddle wheeler.  The twin-hulled vessel was 60 feet in 

length, 14 feet 6 inches abeam, and also carried three 

masts.  A five-bar capstan turned her single paddle.  

With five men at the capstan, she attained a maximum 

speed of four miles per hour.  In 1789, Millerôs paddle 

wheeler had the distinction of making the first known 

open sea voyage of a man-powered paddle wheeler when 

she successfully crossed the North Sea and Baltic Sea to 

arrive safely in Sweden. 

 

t the very moment Miller labored with his invention 

on the Firth of Forth, an almost identical, albeit 

smaller, twin-hulled paddle wheeler was being 

developed across the Atlantic by the brilliant American 

inventor John Fitch and his collaborator Henry Voight.  

The Fitch-Voight team differed from their predecessors 

in that they designed and fielded the first commercially 

operated animal-powered paddle wheeler in history, a 

vessel operated on the Delaware River.  The design 

employed a catamaran hull, with the paddle wheel 

mounted between the two hulls.  It was initially powered 

by four oxen.  Colonel John Stevens noted that when the 

vessel was first tested, ñshe appeared to get along with 

some reputationò against the tide. 

Though unofficially acknowledged as inventor of 

the so-called ñcattleò boat by the Director of the U.S. 

Patent Office William Thornton, Fitch soon parted ways 

with Voight after selling him the rights to the boat 

design for a bottle of ale.  In 1791, Voight obtained a 

patent issued by the United States Government.  Fitch, 

however, refused to surrender his claim and on April 11, 

B 
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Saveryôs paddleboat.   

Library of Congress, Washington, D.C. 
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1795, sold 4/10 of the patent rights to his proposed 

paddle-wheeled cattle or horse ferry operation on the 

North and Raritan rivers to Colonel Stevens.  Voight 

protested that he had full rights to the craft.  

Undismayed, Fitch pressed Stevens for financial support 

to open a regular ferry service on the North River and 

began to explore the concept of opening a cattle or horse 

boat link between Albany and New York City.  Stevens 

was non-committal.  Fitch, already deeply immersed in 

experiments with steam-driven vessels (as he had since 

1787 an exclusive grant from the New York legislature 

to run steamboats on the Hudson), abandoned the cattle 

boat project altogether to focus entirely on the invention 

of the steamboat. 

If the legend is true, Fitchôs main objective in lifeð

the fielding of the first steamboat in historyðcame to 

fruition in 1797 on the Old Collection Pond on 

Manhattan Island when he operated for the first time a 

steam-powered vessel.  Onboard his new craft, according 

to later testimony, was a wealthy and powerful New 

Yorker, Chancellor Robert R. Livingston, and his 

inventor protégé, Robert Fulton.  The rest is well known 

history.  Fitch, of course, failed in his commercial 

aspirations for both the horse boat and the steamboat.  

And Robert Fulton, with Livingstonôs support, 

proceeded not only with the development and 

improvement of the steamboat, but with a very-nearly-

successful scheme to monopolize steamboat 

transportation in America.  Fultonôs monopolizing 

efforts, however, produced one very important and 

unforeseen side effect: the wide acceptance and 

development of the animal-powered paddle wheeler, 

soon to be dubbed the ñteamboat,ò as an alternative, less 

expensive mode of transportation on the rivers and lakes 

of North America. 

 

s the concept of steam-powered vessels seized the 

publicôs imagination, the less glamorous teamboat 

appealed to its practical side.  Shut off from the 

steamboat by the Fulton monopoly, independent 

inventors across the new nation began to embrace the 

teamboat as a viable alternative.  Indeed, a deluge of 

patent applications flooded the infant U.S. Patent Office, 

and between 1793 and 1821 at least twenty patents for 

animal-powered vessels or component parts were issued. 

Yet it was not until the spring of 1814 that the first 

documented horse-propelled ferryboat entered regular 

service between Brooklyn and New York City, 

specifically to compete with Robert Fultonôs and 

William Cuttingôs New York and Brooklyn Steamboat 

Ferry Associates, which had been scheduled to initiate 

ferry service in the fall of that year.  The St. Catherine 

Street Ferry teamboat had been constructed by one 

Moses Rogers, a veteran steamboat captain who, it has 

been argued by some, once briefly commanded Fultonôs 

steamboat Clermont, and would later command the 

Phoenix, the first American steamer to make an oceanic 

voyage.  In 1818 he would command the steamship 

Savannah on the first transoceanic steamboat voyage in 

history.  It is thus not surprising, given his 

acknowledged smile by Dame Fortune, that Rogerôs 

teamboat, driven by eight horses walking a treadmill, 

was destined for instant success.  On its first day of 

service, the Catherine Street Ferry made twelve runs 

between Manhattan and Brooklyn, averaging between 

eight and eighteen minutes each and carrying an average 

of 200 passengers each trip.  Its incredible peak load was 

543 people. 

The success of the St. Catherine Street Ferry soon 

spawned many imitators.  The first of these was the 

teamboat Williamsburg, which was constructed at the 

yard of Charles Browne and slid down the ways on June 

14, 1814.  Williamsburg entered service between 

Corlears Hook and Williamsburg, Long Island, soon 

after.  Fultonôs ferryboat had yet to light her boilers and 

was already in danger of losing the race for customers by 

default.  Fultonôs steam ferry Nassau did not finally 

begin in service until the following September.  When it 

did, it garnered an immediate barrage of criticism in the 

press for its noisy engine, the dirty billows of smoke it 

generated, and its frequent breakdowns. 

Fulton persisted, however, and aggressively pressed 

to expand his monopoly of the steamboat nationwide, 

forcing many potential competitors to fall back upon the 

increasingly popular teamboat as an alternative.  In 

1815, Colonel John Stevens, belatedly embracing Fitchôs 

concept and forced to deal with Fultonôs monopoly, 

launched his own tri-hulled, 90-foot teamboat ferry 

service between Hoboken, New Jersey and Manhattan.  

The three hulls were fastened together with spaces 

between them to accommodate paddle wheels. 

 

he teamboat was literally off and running, its use 

spreading north along the Hudson, south into the 

Delaware, and west into the Ohio country.  In 1816, the 

first teamboat operations began on the upper Hudson at 

Newburgh, and news of its success had soon penetrated 

to the Champlain Valley and into Canada.  In late 1815, 

a Nova Scotia company, originally founded as the 

Halifax Steamboat Company to ferry freight and 

passengers between Halifax and Dartmouth, dispatched 

Robert Tremain to New York and Philadelphia to 

determine which mode of transportation was more 

efficient and profitable, the steamboat or teamboat.  

Tremain returned convinced that it was the teamboat.  

Such vessels could be built for less than $4,500, could 

operate effectively in waters with currents of over four 

knots and, unlike the expensive steam engines on 

Fultonôs boats, required little upkeep.  And, if necessary,  

A T 
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The Bertrand: Nebraskaôs Gift to Shipwreck Archaeology  

by Daniel J. Lenihan

erms like óshipwreck archaeologyô and ómaritime 

preservationô donôt often elicit thoughts of 

Nebraska.  But therein extend some of the 

deepest roots of maritime archaeology in the Americasð

30 feet deep to be exact-ðin a cornfield in the Desoto 

Wildlife Refuge, a mile or so from the present bed of the 

Missouri River.  In 1968, 

two salvors, Jesse Pursell 

and Sam Corbino used a 

magnetometer to find the 

wreck of the steamboat 

Bertrand.  The vessel had, 

103 years earlier, hit a 

ósnagô (part of a sunken 

tree) and sank on April 1, 

1865ðjust a few days 

before Leeôs surrender at 

Appomattox.  Before 

sinking, the steamboat was 

run into the mud bank so 

most passengers could 

step off without getting 

their feet wet.  This was in 

sharp contrast to the 

horrific demise 26 days 

later of Sultana, another 

river steamboat, near 

Memphis.  Sultana sank 

due a boiler explosion 

resulting in almost as 

many fatalities as RMS 

Titanic in 1912.   

Traditionally, we 

refer to vessels made for 

riverways and the Great 

Lakes as óboats.ô  

Riverboats are built for 

shallow water navigation.  Their capacity tends to be 

concentrated above the water surface rather than in a 

deep hull.  They carried cargo and passengers equal to 

seagoing vessels, while maintaining a shallow draft.  The 

inherent problem with river travel is overcoming the 

current on the upstream leg of any two-way journey.  

Before the steam engine, downriver travel was often on 

raft-like craft that could be recycled as cut timber at 

journeyôs end.  The physics of steam expansion enabled 

huge pistons to churn paddle wheels against the current, 

propelling large vessels upstream.  The wheels could be 

mounted on each side of the hull or, like Bertrand, a 

single large wheel at the stern.  This application of steam 

technology was particularly important to the eastern 

states, rich in rivers where steamboats greatly accel-

erated the nationôs growth.  

The remains of Bertrand were lost to memory after 

initial salvage attempts.  It came back to public attention 

in the mid-20th century when found by Pursell and 

Corbino.  But rivers arenôt passive waterbodies; the 

Missouri had reshaped 

itself during the 103 

intervening years, hence 

the overlying cornfield 

and thirty feet of silt 

and gravel.  Also, the 

question of ówho owns 

antiquitiesô was being 

redefined.  The 

Antiquities Act of 1906 

offered protection to 

remnants of the past on 

public lands, and in 

1916 another act 

created the National 

Park Service (NPS), 

which became the 

nationôs lead agency in 

historic preservation.  

Much of this whole 

mélange of law and 

policy was rearticulated 

in the 1966 Historic 

Preservation Act, only 

two years before 

Bertrand was found.  

Treasure hunters 

were already tearing up 

the Spanish maritime 

heritage sites offshore 

of Florida, but the 

salvage of antiquities from Bertrand in Nebraska took on 

a different feel.  There was little doubt this shipwreck 

was in U.S. waters, and the salvors were admittedly 

motivated by the potential for treasureðincluding 

mercury for refining gold; their interests were 

straightforward and easy to understand.  

The conundrum presented by salvage versus 

archaeology was understandable.  People were motivated 

to find lost things and hoped to profit from them.  All 

federal agencies representing the public at large are 

expected to protect vestiges of the past for a public in the 

future.  American archaeologists, however, considered 

themselves prehistorians.  They were largely remiss 

regarding their responsibility to speak not only for  

  

T 

The paddle wheel steamboat Bertrand excavated in 1969 in the 

DeSoto National Wildlife Refuge upstream from Omaha, Nebraska.  

Original photo credit:  Woodman of the World Magazine. Omaha, 

Nebraska. 
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historical shipwrecks but post-Columbus sites in general.  

The Society for Historical Archaeology was created only 

a year before Bertrand was found (1967), partly to 

address this issueðit included an Advisory Council on 

Underwater Archaeology.  But, from the perspective of 

this archaeologist, all these contradictions were 

addressed with reasonable grace and forbearanceéin 

Nebraska.  

The Midwest Archaeological Center (MWAC ) of 

the NPS in Lincoln was given archaeological control of 

the excavation of Bertrand, but the principal investigator 

was an historical architect named Jerome Petsche, from 

the NPS Washington Office.  Bertrand, over a hundred 

years old, was being excavated through General Services 

Administration contract with the U.S. Bureau of Sport 

Fisheries a (predecessor of U.S. Fish and Wildlife 

Service [USFWS]).  They followed no precedents for 

shipwreck excavation because, well, there werenôt any.  

This is clearly not the way it would happen nowðbut it 

wasnôt now, it was then.  The individuals involved were 

dealing with glitches in law and practice concerning the 

historical value of shipwrecks in the U.S.ðmost of 

which were corrected by later legislation.  

There were no models for shipwreck excavation in 

the U.S. and the disastrous consequences of that reality 

were already unfolding a few hundred miles away.  

Namely, with the Civil War gunboat Cairo on the Yazoo 

River near Vicksburg.  Cairo was literally pulled apart 

by a combination of salvors and Civil War historians 

before NPS was given control.  This was a different but 

related story.  Put aside for a moment any thoughts of 

óunderwater archaeologyô or the way it would be done 

today.  What was remarkable, in the case of Bertrand, 

whose hull lay so far beneath the land surface, was that 

water flooded any newly opened cavity.  To avoid 

flooding while heavy machinery, including bulldozers, 

removed soil overburden, Petsche drilled a system of 

well points (more than 200 of them) around the hull.  

Bertrand excavation in progress.  Large pipes are part of 

the system of well points used to keep the excavation dry.  

Original photo credit: United States Department of the 

Interior. Cecil W. Stoughton, 1969. 

Artifacts from the Bertrand excavation.  Below, the shirt 

shows the degree of preservation at the site.   

Original photo credit: United States Department of the 

Interior. Cecil W. Stoughton, 1969. 
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