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Introduction

This book is about the evolution of competi-
tive swimming in all its major disciplines,
fromits birth in early 19th-century England to
the present era.

Almost every era of competitive swimming
brought new ideas and breakthrough swim-
mers, who with scant regard for the record
books, reached undreamed of heights. But
never have there been such spectacular break-
throughs as those seen at the 2000 Sydney
Olympic Games and the 2001 World Champion-
ships in Fukuoka.

Breakthrough Swimming focusses on the meth-
ods and the innovative thinking behind the
success of these modern swimming giants who
have literally destroyed seemingly unassail-
ablemarks, and brought the sporttoanew high
level of performance.

Portions of this book are based on my earlier
work, Swimming Into the 21st Century which
was published in 1992, after six years of prepa-
ration, but I could not have foreseen a need so
soon for an expanded and almost completely
re-written edition. The tumultuous events of
the last decade of the 20th century dictated
otherwise. Without doubt, no other period in
the history of swimming has presented greater
challenge or change.

The so-called velvet revolutions of the late
1980s that overturned Communism and even-
tually the Soviet Empire had an enormous im-
pact on every aspect of modern life, including
sport. The breakup of the Soviet Union saw
several new independent states join the ranks
of FINA (the international swimming federa-
tion), with a resultant increase in the number of
swimmers competing in major international
meets such as the Olympics and the World
Championships.

With the reunification of Germany on Octo-
ber 2, 1990, literally thousands of East German
sport administrators, coaches, and sport scien-

tists suddenly became unemployed. It is un-
known to what extent they became part of the
new Germany, although some of their coaches
found employment in other parts of the world.
What they contributed to swimming in other
countries is unknown, but at least one of their
number spent some time in China, conducting
clinics in that country. The appearance of
performance-enhancing drugs in Chinese
swimming seemed to have coincided with the
fall of the East German regime.

Itisrare that oneis given the chance to tackle
ajobasecond time, and this carefully researched
new edition is but a modest attempt to bring
past, present, and future into unison. However,
we should not view the evolution of competi-
tive swimming as a continuing linear process
because the pioneers of the sport proceeded
down many dead ends and also frequently
failed to develop potentially valuable ideas.
The gold was there but often thrown away tobe
retrieved by others years later.

The process of change consisted of long peri-
ods of normal developmentin which there were
few deviations from the paradigms of existing
ideas. Then would follow a shorter period of
pronounced change, as rival ideas fought to
take the place of a dominant framework that
wasbeginning to decay through lack of progress.

The first part of the book introduces the
reader to the ingenuity of the great coach-
educators and how their restless inventiveness
and persistence gradually built the technical
foundations of a great sport. The evolution of
the swimming strokes is described and illus-
trated in detail, from the start of formal compe-
tition in the early 1830s through the advanced
techniques of today.

The 19th century saw experiments with dif-
ferent versions of the sidestroke, followed later
by the trudgen stroke. Then, as if to celebrate
the start of the 20th century, came an entirely

xi
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new way of swimming, the surprisingly fast
crawl stroke. But it took most of the 20th cen-
tury for the crawl stroke to be improved and
refined until it became the beautiful, smooth-
flowing action exhibited by Pieter van den
Hoogenband, Ian Thorpe, Alexander Popov,
and Susie O’Neill at the 2000 Sydney Olympic
Games, where they brought the understanding
of crawl-stroke swimming intoanew millenium
and a new paradigm.

Over the years, during all the experiment-
ing with new stroke mechanics, the question
was often asked, “But what happens to the
water when a swimmer exerts effort against
it?” The answer is that we don’t exactly know,
but it seems obvious that if swimming and
swimmers are to continue to improve we will
need to become far more adept at manipulat-
ing the reacting flow with ever increasing
efficiency. Then we ask other questions: How
much effort should a swimmer exert against
the water? Do we apply more effort than nec-
essary? Here again, we don’t rightly know.
Sufficeittosay that the textbreaks new ground
in describing how by studying the flow reac-
tions created by the swimming stroke, certain
fluid dynamic principles can be used to un-
derstand, analyze, and improve stroke me-
chanics.

The discussion on the evolution of training
methods commences with the methods used
by the 19th-century pioneers then progresses
through the 20th century to the state-of-the-art
scientific training methods used by the world’s
best swimmers in preparing for the 2000 Olym-
pic Games.

The doughty champions of Victorian En-
gland pursued training methods characterized
by ignorance and superstition. The old style
regimen of reducing a man to a living skeleton
by physicking, purgings, sweatings, and
bleedings, to build him up afresh was stupid as
well as cruel.

At the beginning of the 20th century, track
athletes were already experimenting with in-
terval training, but this form of training wasn’t
adapted to competitive swimming until 50 years
later in the mid-1950s. Before this time, swim-
mers were too preoccupied with perfecting
techniques and had noidea of how much stress

the human body could tolerate. The watch-
word was “train but do not strain!”

The chapters on training describe how, in the
1950s, Yale and U.S. Olympic coach Robert
Kiphuth introduced a method called wind-
sprints, which consisted of 50-meter sprints
interspersed with one-minuterestperiods. Later
interval training methods used on the running
track were successfully adapted to swimming
by the Australians who combined them with
Kiphuth’s earlier model. Not surprisingly, they
went on to win the majority of the swimming
medals in the 1956 Olympics. In the 1960s, Dr.
James Counsilman developed the first clear
outline of how different work-to-rest ratios
used in swimming training produced specific
physiological effects. As a direct result of his
emphasis on empirical research and useful ap-
plication, this era saw one of the greatest for-
ward surges in swimming history.

Included in the discussion on training meth-
ods is a brilliant contributing chapter by Dr.
David Pyne, physiologist to the Australian In-
stitute of Sport and to the successful Australian
National Swimming Team. Dr. Pyne covers the
physiology of modern swimming training and
the preparation of swimming teams for top-
flight international competition. In this state-
of-the-art presentation, Dr. Pyne presents in-
sightful views on future directions for the
successful application of scientific training.

The last part of this book traces the history of
competitive swimming, examines the current
problems facing the sport, and looks ahead to
future innovations. The colorful story of the
growth of organized competitive swimming is
covered in depth. This chapter spans the entire
panorama of competitive swimming, from its
start in 1837 as a professional sport to its reign
as an amateur sport for the next 100 years and
then its insidious return to professionalism in
the late 20th century. The text describes the
growth of international swimming and thebirth
of FINA as the international governing body of
swimming, a development largely brought
about by prominent British officials who based
the FINA constitution on that of the Amateur
Swimming Association of Great Britain.

The development of the great Australian tra-
dition in swimming is covered in depth, begin-



ning with the construction of the first swim-
ming pool in the 1870s and continuing to the
reorganization of their national swimming pro-
gram in the late 20th century, which led to the
notable successes of Australian swimmers at
the Sydney Olympics. Following the Austra-
lians is an account of the outstanding record
and great contribution to world swimming by
the United States, the giant of world swimming
in terms of technical knowledge, coaching ex-
perience, excellence, and a long roster of bril-
liant Olympic champions that continued to in-
crease at the Sydney Olympics. The growth of
the national program concept and the sudden
and remarkable rise to supremacy by the Japa-
nese swimmers in the 1930s is also covered.

The chapter on the doping plague in swim-
ming discusses the so-called success of the
former state-sponsored East German program,
which was based on the illegal administration
of performance-enhancing drugs to athletes
under the charge of state officials, and the
subsequent trials of the officialsinvolved. There
is also a detailed account of the current doping
problem in Chinese swimming, whose athletes
have tested positive far more frequently than
those of other countries. In the past 30 years, the
scourge of doping has gradually reached a
crisis point where the survival of competitive
swimming now lies in the balance. The most
astute minds of our sport, almost without ex-
ception, agree on this point.

Thelast 10 yearshave seen theabandonment
of the once holy grail of amateurism and the
growing influence of large corporate sponsors,
warmly welcomed by officialdom as partners
in the sport. The availability of prize money
and large endorsement fees tempt the use of
performance-enhancing drugs, a problem that
showsno sign of diminishing, despite attempts
to fight it.

With these changes has come a growing
disregard, in some quarters, for the integrity
of the sport and the educational values inher-
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ent in hard work and honest effort, not to
mention the thrill and challenge of fair compe-
tition. As swimming moves into the new mil-
lennium, it is clear to keen observers that the
sport is in danger of losing its connection to
the traditions and values on which it wasbuilt.
Unfortunately, people who abhor these trends
often feel powerless, inadequate, and drained
in the face of the attendant subterfuge and
dissimulation.

In many countries, faceless bureaucratic sys-
tems control all levels of sport, and politics has
become almost a vocation within their national
offices, a job for professional administrators
and pragmatists rather than the idealists and
innovators of the past. The centralization of
power in national headquarters and national
sport centers, to a large extent, leads to a denial
of individuality.

Swimming needs enlightened and coura-
geous leadership to help meet these internal
transformations. Instead, the love of power
and personal prestige has become a preoccupa-
tion for many, and the old boys” network re-
mains a constituent part of the so-called Olym-
pic family.

There exists also the anomaly of an osten-
sible amateur body conducting a professional
sport. Many are convinced of the need for a
revised FINA constitution that would reflect
the changed nature of the sport, as well as
address the need for a more equitable voting
system that recognizes the contribution of
FINA’s founding nations and the generations
of outstanding coaches whose knowledge and
experience have led to so much progress.

By giving special attention to the connective
tissue that binds each phase of the sport’s de-
velopment, it may still be possible to take the
best from the past and add it to the present to
make abetter future. With renewed pride in the
traditions of our sport, we may yet be able to
tackle the future with confidence, purpose, and
resolve.
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Chapter 1

History of the
Swimming Strokes

From the sparse descriptions on
record, early attempts at swimming
probably consisted of random arm
and leg movements with no spe-
cific techniques; otherwise, we
know little of the early history of
human swimming. Before orga-
nized competitive swimming
started in England, about 170 years
ago, there waslittle need to develop
methods beyond those that came
naturally to each individual.

The technical development of
swimmingdidn’tstartuntil the mid-
19th century with the building of
swimming pools, the invention of
the stopwatch, and the beginning
of competitive swimming as a for-
mal sport.

The first competitive swimmers
were more intent on developing
good stylerather thanspeed. Grace-
ful and elegant movements, with a
minimum of splashing, were con-
sidered the hallmarks of style by
the early exponents of the sport.
This was evident in 1844, when
English swimmers saw the swim-
ming methods of visiting North
American Indians in London. Be-
cause the Indians’ more advanced
overarm strokes were characterized
by wild splashing, their methods
were dismissed by the English as
unworthy of imitating.
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Neither did the English know that across the
broad expanses of the Pacific Ocean, the inhabit-
ants of Polynesia and Melanesia had been swim-
ming with overarm strokes for more than a thou-
sand years. And along the coasts of South
America, Africa, and India, versions of the
trudgenstroke, another technique moreadvanced
than those that existed in Western culture, had
been swum naturally for time immemorial.

Swimminginthe AncientWorld

Archaeologists know that humans developed
watercraft by 40,000 years ago, and so it’s rea-
sonable to assume people were swimming by
that time (Nemecek 2000). Many of these early
swimming activities seem to have been part of
religious rituals, recreation, or military maneu-
vers.

Swimming is one of the oldest arts, if we are to
form an opinion from the fact thatno trace of its
origin, discovery, invention or improvement is

to be found in any of the ancient writings.

—William Wilson (1883)

The firsthuman swimmers most likely lived
by the sea or near warm rivers. Five thousand
yearsago humanslearned to divertrivers such
as the Nile, the Euphrates, and the Indus, and
it’s likely that people living in these regions
were at home in the water and swam fre-
quently.

In the ancient world, diverting rivers to
protect city—states led to swimming for mili-
tary purposes. Bas-reliefs housed in the Brit-
ish Museum show a river crossing by Assur-
nasir-pal, King of Assyria, and hisarmy. When
these reliefs were found in the ruins of the
royal palace at Nimroud, students of swim-
ming techniques were excited because here, at
last, they expected to find evidence of swim-
ming skills used in ancient times. Nineteenth-
century observers thought the reliefs showed
soldiers swimming either sidestroke or the
trudgen stroke, while 20th-century observers
concluded that the Assyrians were actually
swimming the crawl stroke! And so, as al-
ways, conclusions are drawn from one’s own
vantage point.

The Baths of Caracalla and other baths built
by the Romans were enormous, but the swim-
ming tanks set aside for actual swimming were
very small. Those at Pompeii were only 13 feet

Descriptions in Ancient Literature

A nobleman of the Middle Kingdom of Egypt (2160-1780 B.c.) proudly recorded that his
children took swimming lessons with the king’s children, but no mention is made of skills

being taught (Cureton 1934).

A few references to swimming are found in the Old Testament, but they, too, do not
elaborate on swimming skills possessed by ancient peoples. The following Biblical excerpts
must rank among the earliest references to swimming: “. . . he that swimmeth, spreadeth
forth his hands to swim” Isaiah 25:11 (approximately 760 B.c.) and “. .. a river that | could
not pass over: for the waters were risen, waters to swim in, a river that could not be passed
over ... Ezekiel 47:5. (Ezekiel was exiled to Babylon in 597 B.c.)

Cursory references to swimming have been made over the centuries by the Egyptians,
Israelites, Accadians, Sumerians, Babylonians, Hittites, Greeks, Romans, and other ancient
nations. Much has been made of the fact that the Romans were said to have considered no
branch of education more important than swimming, but like the other accounts from
ancient times, they left few descriptions of methods they used.

Translations from Greece and Rome speak of swimmers using alternating overarm
motions, and it's possible that a type of overarm stroke may have been in common use long
ago. But this must remain pure conjecture because, as literate as the ancient Greeks and
Romans were, their writings give few descriptions of actual swimming techniques.
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However, one rare and beautifully written passage was left to us by Manilius, a 1st-
century Roman poet, who waxes lyrical on the pleasures of swimming:

For just as the dolphin glides through the water on swift fins,
now rising above the surface and now sinking to the depths,
and piles up waves and sends them off in circles, just so will
each person born under the sign of the Dolphin fly through
the waves, raising one arm and then the other in slow arcs.

(Marcus Manilius (circa 14 A.p.), from Astronomica, an unfinished poem on
astronomy and astrology.)

One can envision the scene 2,000 years ago: a balmy day, a buoyant sea, and a skilled
swimmer performing, yes, a type of overarm stroke. Across the centuries, a fellow enthusiast
conveys with words his love of the water and his fascination with swimming propulsion. His
reference to dolphin swimming was prophetic in the extreme, as imitating the dolphin action
is the most successful adaptation humans have made from nature to their own swimming
propulsion. And he must have had sharp eyes, for he describes not only technique but even

the reacting vortex flows in the water, an unusual observation even today.

wide, and Cicero complained that he needed a
wider pool to avoid hurting his hands against
the wall. However, the baths of Mohenjo-Dario
in the Indus valley (in today’s West Pakistan)
were somewhat larger. They measured 39 feet
long and 23 feet wide and were said to have
been the birthplace of a form of synchronized
swimming that served a religious function
(Cottrell 1960).

In the Middle Ages, swimming became un-
popular throughout Europe because people
believed water helped spread plague and other
common epidemics. When people did swim,
they preferred a form of breaststroke that kept
their faces out of the water. Not until the second
half of the 19th century was prejudice against
swimming largely overcome.

Swimming inthe Western World

In 16th- and 17th-century Europe, the breast-
stroke was performed with the head held high
and completely out of the water (Thevenot
1699). Instead of using a frog kick, propulsion
was applied with the insteps and not the soles
of the feet (Muths 1798).

Early in the 19th century, breaststroke swim-
mers adopted a frog kick in which the ankles
were dorsi-flexed and propulsion developed
by pressing the soles of the feet against the

water (Counsilman 1968). As the stroke tech-
nique developed, so did the drills used by
swimmers, although some of these drills were
strange (figure 1.1). Debate followed on whether
using the soles of the feet in the frog kick
yielded more propulsion than spreading the
legs and then straightening them before clos-
ing in a tight wedge, such as the kick shown in
tfigure 1.2 (Thomas 1904).

Figure 1.1
were weird and wonderful. From Dalton 1899.

In the 19th century, breaststroke drills

Such discussions on the most efficient use of
the legs in the breaststroke kick marked the
beginning of technical thinking and a growing
interest in improving propulsion. Understand-
ing the positive effect that could be achieved by
a slight change of technique was (and is) sig-
nificant; this ability later was to prove an im-
portant characteristic of a capable coach.
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Figure 1.2 The wedge kick style of breaststroke used in the 19th century. From Wilson 1883.

Charles Steedman (1867) was probably the
first to caution against drawing the knees
forward under the body when swimming
breaststroke (figure 1.3). He said that thisnega-
tive or retarding action caused resistance and
retarded the progress of the swimmer. He said
that by “bending the knees laterally, rather
than under the body the draught of the latter
is decreased, or, in other words, the whole of
the body remains nearer the surface of the
water, and consequently the resistance to its
progress is much less” (p. 93).

Figure 1.3 Breaststroke inthe 19th century. Pulling
with straightarms and drawing the knees under the
body were common faults. From Sachs 1912.

William Wilson (1883) said that “another mis-
taken idea is that the propelling part of the kick
is obtained from the soles of the feet; these mis-

takes to a great extent account for the too often
unsuccessful efforts made by those who wish to
teach themselves.” Wilson said that the major
propulsion should be obtained from the leg kick
because it is “easier to push the body forward
than to pull it through or along. The legs are
stronger than the arms, therefore itis economical
to obtain all the power possible from the lower
limbs” (p. 35). He added that learners tended to
use the arms with all the power possible, and
thus pulled the body along (figure 1.4).

TOP VIEW

ARM ACTION
OF BREAST STROKE

SIDE VIEW

Figure 1.4 Breaststroke armactioninthe 1920s.
From Bachrach 1924.
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Descriptions in Western Literature

Onlyin the last 400 years have references to swimming techniques appeared in books. Early
examples say little, mainly because stroke analysis was still in its infancy and underwater
observation nonexistent.

Although Nicolaus Wynman wrote the first book on swimming, Colymbetes, sive de arte
natandi et festivus et iucundus lectu (published in 1538 by H. Steiner of the University of
Ingolstadt, Augsburg, Swabia), an earlier book, The boke named the governourby Sir Thomas
Elyot (published in 1531 by Thomas Berthelet in London), briefly discussed swimming as an
important part of the education of gentlemen. (Copies of The boke named the governour, 258
folios, are housed in Cambridge University Library and the British Museum.)

But it was Wynman's book, Colymbetes, that first instructed Europeans that the human
stroke was the stroke “which all must learn as the scientific stroke.” Colymbetes is a little
book in crabbed Latin, full of abbreviations and mistakes or misprints. Wynman, a German
Swiss professor at Ingolstadt University, mentioned that the cogent reason for not learning
to swim had been the mistaken belief that the souls who are confined to hell have to cross
the river Styx by swimming. If they cannot swim, how would they cross?

Within the next 50 years, two more books of note followed. Historia de gentibus
septentrionalibus Romae (History of the Northern People) by Olaus Magnus was published in
Rome by Magno Gotho in 1555 and discussed swimming among the other leading customs
of northern people. The other book was De arte natandi (The Art of Swimming) by Sir Everard
Digby, published in England in 1587 but written in Latin because it was considered vulgarin
certain quarters to write in English. Both books advocated breaststroke in preference to the
more primitive forms of swimming that existed at the time (Cureton 1934).

Had Digby written in his own language, as Elyot did, his book would have sold better and
also been too well known to have been so readily plagiarized or translated without
permission. As it was, Digby’s work was translated three times: twice into English and once
into French. The French edition was translated into German, Spanish, and ltalian. An
abbreviated translation of Digby’'s work was published in 1595 by Middleton. Another,
published in 1658, professing to be original, was an almost literal translation by Percey, who
claimed it to be his own work.

Next, Melchisedec Thevenot translated Digby’s original Latin work, De arte natandi, into
French, and it was published by T. Moette in Paris under the title of L ‘art de nagerin 1696,
fouryears after Thevenot's death. In 1699, The Art of Swimming, translated back into English
from L ‘art de nager, was published in London, the translator never suspecting that Thevenot
was not the original author (Thomas 1904). Thus Digby’s work was the only one known for
centuries to French and English swimmers, but few, if any, could have known that Digby had
been the original author because Thevenot was always given the credit for it. Even that great
scholar Benjamin Franklin, who got to the root of most things he touched, quotes Thevenot
without the slightest suspicion that the original author was English.

Thevenot described swimming “as an old sport which hitherto had not received the
investigation necessary to improve in efficiency.” During Thevenot's time, breaststroke was
still considered the scientific stroke in Europe (Cureton 1934). Thevenot's book was
regarded as the authoritative work on “scientific swimming,” as it was called then, and was
reprinted in 1764 and 1772.

In recognition of Thevenot's perceived preeminence among swimming authors during a
century when swimming was considered a health hazard, Thevenot was inducted into the
International Swimming Hall of Fame in 1990, nearly 300 years after his translation of Digby’s

(continued)
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(continued)

work had been published. Although Thevenot was a recognized scholar in many fields, a
stronger case can be made for Digby’s inclusion in the International Swimming Hall of Fame.

Although Ralph Thomas (1904) claimed that Thevenotin his famous book had plagiarized
Digby’s work, written a century before, the prestigious British Library Catalogue simply states
that Thevenot's book was “adapted” from Digby's De arte natandi. Another point for
consideration is that Thevenot's book was published four years after his death, and itis more
than likely that Thevenot only translated Digby’s work for his own scholarly satisfaction,
without intent to publish it. The latter explanations would appear to be more plausible,
particularly as Thevenot was a minor celebrity of his day, a highly respected and distin-
guished Oriental scholar, and a founder of the French Academy of Sciences. As librarian of
the Royal Library (from 1684), he collected many valuable books and manuscripts.
Nevertheless, he never went out of Europe, and he did not know how to swim.

The more recent evolution of swimming in Western culture is ably recorded by several
outstanding authorities, and especially so in the classic descriptions by Steedman (1867),
Wilson (1883), Sinclairand Henry (1903), Thomas (1904), Cureton (1934), and Carlile (1963).

From Breaststroke to Sidestroke

Although humans are not ideally endowed by
nature to be highly proficient swimmers, they
eventually discovered thatimproved technique
could produce surprisingly facile and dexter-
ous propulsion. This fact explains the almost
obsessive fascination with stroke techniques in
the early years of swimming development.

For many, the improvement of swimming
skill became an interesting and fascinating in-
tellectual exercise as well as a test of physical
ability. More often than not, clues leading to
improved methods were observed in the tech-
niques of great natural athletes. The term natu-
ral athlete is worth proper understanding.
Broadly stated, it means an athlete who does
the right thing naturally, as part of his or her
true nature. Yet the progress of many a natural
athlete was stifled by the imposition of tech-
niques thatinterfered with the swimmer’snatu-
ralmovementinclination. Of course, much was
heard about their coaches’ successes but little
about their failures.

When organized competitive swimming
started in the early 19th century, the sidestroke
became the standard racing style. Both arms
remained submerged throughout, and the legs
performed a wide scissors kick with opening
and closing movements that resembled walk-
ing. Swimmers eventually found they could

reduce resistance by recovering one arm over
the water instead of underwater as in the breast-
stroke. This stroke became known as the English
overarm sidestroke, and descriptions by the
experts of the day were belabored with numer-
ous fastidious points of technique (figure 1.5).

Figure 1.5 Early chart showing the mechanics
of the sidestroke. From Sinclair and Henry 1903,
p. 81.



It’s easy to imagine how the sidestroke
evolved from the breaststroke. In effect, the
early underarmsidestroke wasreally the breast-
stroke swum with the body turned on its side.
Swimmers found that by turning onto their
side they encountered less water resistance.
Sachs (1912) says, “It is necessary to cleave the
water with the head or shoulder in order to
avoid undue resistance” (p. 133). At first, the
sidestroke was swum with both arms in the
water during both pull and recovery; this was
known as the underarm sidestroke (figure 1.6).

Figure 1.6 “A figure swimming on the side, but
it is intended for the sidestroke.” From Reichel
1897.

With the start of widely organized swim-
ming championships in England in 1871, the
quest for speed encouraged even more swim-
mers toimprove their stroke efficiency (Sinclair
and Henry 1903). This desire for technical im-
provement was increased by the fact that until
1906, there were no separate events for differ-
ent strokes. Except for the breaststroke, which
was sometimes swum as a novelty item, swim-
mers competinginasinglerace used any stroke
they liked (Counsilman 1968).

Realizing the superior speed of the English
overarm sidestroke (figure 1.7), racers aban-
doned the underarm stroke and recovered one
arm over the water (Cureton 1934). Sinclair and

Figure1.7 TheEnglish overarmsidestroke. From
Sachs 1912, p. 134.
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Henry (1903) diagrammed overarm sidestroke
technique and wrote that the great exponents
of the art of swimming were the Englishmen
Nuttall and Tyers, and no other nation had
swimmers capable of extending them. The kick
of the improved stroke that these swimmers
used was a marvelous screw-like leg kick (scis-
sorskick), whichalso gained J.A. Jarvis marked
supremacy in England (figure 1.8).

Figure 1.8 The Jarvis kick. From Sinclair and
Henry 1903, p. 83.

J.A. Jarvis won many English champion-
ships with the use of what came to be known as
the “Jarvis kick.” Jarvis was the “first to dis-
cover that certain movements of the feet were
of definite assistance in giving power to the
English side-overarm stroke and of improving
its speed” (Sachs 1912, pp. 139-140).

H.D. Faith of the Otter Club describes Jarvis’s
kick in a small brochure titled The Over-Arm
Side Stroke (1912):

The swinging forward of the top leg makes
the water around the leg wash forward in
the direction the leg is swinging. In the case
of the under leg a back wash is created. As
the legs are whipped together the top leg,
coming back, meets and grips the water
which is still being washed forward, and
the under leg, coming forward, meets the
wash going backward, the screw-like action
of the legs giving a continuous grip of the
water and making the stroke a continuation
of screw and wedge (Sachs 1912, p. 140).
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Faith’s description indicates how advanced
the skill of lucid stroke analysis had become. Of
even greater interest is that Faith gives one of
the few references to the flow reactions of the
water that exist in the historical literature.

The adoption of the English overarm side-
stroke showed a growing awareness of the
importance of decreasing resistance in propor-
tion to speed. The emphasis on the leg action
was carried over from breaststroke swimming,
and the indications are that at this stage, a full
appreciation of the arms’ potential for propul-
sion still did not exist. Nor did there appear to
be much concern about developing a more
continuous mode of progression, other than
the fact that sidestroke swimmers were in-
clined to insert an extra tiny wedge (Jarvis) or
flutter kick (Nuttall) into the closing phase of
their leg actions.

In his classic work The Swimming Instruc-
tor (1883), William Wilson describes the method
of the improved English overarm sidestroke.
The stroke’s popularity was apparent, and a
number of swimmers laid claim to having been
thefirsttouseit. Harry Gurr—called the “Pocket
Hercules” because of his short stature, healthy
red skin, fair hair, and neat physique—and
Harry Gardner of Woolwich were the first who
won any races of importance by lifting one
hand out of the water and carrying it in the air
beyond the head.

The influence of the dominant leg kick of
traditional breaststroke was hard to shake off.
As a result, the pioneers were slow to appreci-
ate the potential power of the arms. Sachs
(1912) describes how the double overarm stroke
was taught:

In the double overarm stroke, the left arm
isbroughtas far forward as it will go—the
head being immersed and even turned
slightly on to its left side in order to give
the arm full stretch. As the left arm is
pulled back towards the body, this ten-
dency towards turning on the left side will
be increased, and the right arm has thus
the opportunity of coming clear of the
water. The arm is then stretched ahead as
far as possible, and the body rolls back on
its right side again. It is necessary to ob-
serve here that this roll is very slight in-

deed, and is confined to the head and
shoulders. It is mentioned only to assure
those who try this stroke that they cannot
do without it even to a modified extent
(Sachs 1912, pp. 142-143).

History shows the double overarm sidestroke
tohavebeen a cul-de-sacin the development of
swimming. Because of the constant change in
body position and the consequent lack of con-
tinuity, the stroke was not very successful.

The Trudgen Stroke

John Trudgen was born at Poplar, London, on
May 3, 1852, and went to Buenos Aires with his
parents in 1863. While in Buenos Aires, he
learned the South American Indian stroke from
thenatives, which waslater named the trudgen
stroke (figure 1.9) after his firstappearanceina
swimming race in England on August 11, 1873.

Figure 1.9 The trudgen stroke.

English spectators were startled when
Trudgen won his first race, the English 160-
yard handicap, with a most unusual stroke.
The idea for a double overarm stroke came
from observing his unusual technique, which
later was to become the basic arm stroke of the
crawl. (Keep in mind that the typical alternate,
overarm windmill stroke of the Pacific Island-
ers had been swum for hundreds of years.
Only when this action became part of Western
swimming culture, after its rediscovery by the
Australians, did it receive its present name of
crawl stroke. See pp. 15 and 16 for more infor-
mation.)

The difficulty with the trudgen stroke was
that it lacked continuity; in fact, it was very
jerky because it timed one breaststroke kick to
every two arm strokes. An attempt was made



to overcome this handicap by combining the
scissors kick of the sidestroke with the trudgen
armaction. Thekick, originally performed with
considerable knee-bend, was narrowed and
the legs were held straighter, but the timing of
the side scissors kick still prevented a perfectly
continuous arm action (figure 1.10).

SIOT VIEW

TRUDGEON,
ARMS OUTor WATER

10) E%
—
S~—.  SIDE STROKE,
®, - ARMS IN WATER

TRUDGEON,
BODY ROLLS -

®

SIDE STROKE, — %
b ALWAYS ON SIDE

Figure 1.10 (a)Trudgen leg action. (b) Trudgen
arm action and body roll. From Bachrach 1924.
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According to Sinclair and Henry (1903, p.
87), Trudgen’s championship swim was de-
scribed in the Swimming Record (August 12,
1873) by the editor, R.P. Watson:

His time was very fast, particularly for
one who appears to know but little of
swimming, and should he become more
finished in style, we shall expect to see
him take a position almost second to none
as a swimmer.

I question, indeed, if the swimming
world ever saw a more peculiar stroke
sustained throughout a 160 yards race.
Here we had aman swimming apparently
easy, turning very badly, and when fin-
ished, appearing as though he could have
gone at least another 80 yards at the same
pace. His action reminds an observer of a
style peculiar to the Indians; both arms are
thrown partly sideways, but very slov-
enly, and the head kept completely above
water.

Sinclair and Henry (1903) agreed that
Watson’s opinion was well borne out, for
Trudgen afterward became one of the speediest
sprint swimmers of his time, and his peculiar
action became known as the trudgen stroke.
Trudgen swam high out of the water, thrusting
both arms in front of him with his chest and
head well raised but practically in the same
position as a breaststroke swimmer.

As aresult of Trudgen’s influence, consider-
able experimentation followed with double
overarm swimming. Many swimmers still
wished to remain on their sides, however, be-
cause they feared that swimming in a flat posi-
tion on the chest would cause too much frontal
resistance, so they developed a stroke in which
they turned from side to side to enable an
alternate recovery of each arm.

There was no mention of a regular breathing
method within the rhythm of the trudgen stroke.
One can only guess how this important aspect
of swimming technique evolved. Perhaps, as
often happens, it was by chance; as a double
overarm swimmer was turning from one side
to the other, the swimmer may have noticed
bubbles escaping from the mouth while the
tace was submerged. Of course, the next step
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would havebeen tolearn tobreatheinaregular
rhythm with face-out-of-water inhalation fol-
lowed by steady exhalation again as the face
submerged.

Trudgen’s hand-over-hand stroke was said
to be common to the ancients and the aborigi-
nes of America and Africa. When the British
tirst tried it, they could not continue it for any
length of time. In the late 19th century many
forms of the trudgen stroke came to be swum
by sprint swimmers and water polo players.
Because the stroke was so fatiguing, few swim-
mers could maintain it for over 200 yards,
although in short races it won preference over
the English side overarm stroke.

R. Thomas (1904) reported R.P. Watson as
saying, “imitation of the trudgen or Indian
stroke had completely demoralized London-
ers as swimmers.” The endeavor “to imitate
Trudgen, together with short distance handi-
caps, ranging from 80 to 90 yards have degen-
erated Londoners to the level of mediocrity.
However, the stroke or a modification of it has
been taken up by water polo players with the
most undoubted advantage. The swimmer
appears to go much faster than with other
strokes.”

Swimming in the New World

Backin time, to the dawn of history, primitive
peoples used the dog paddle, a stroke that
naturally involves the principle of continu-
ous propulsion. With the addition of a breath-
ing technique, only one step is needed for the
transition from dog paddle to an overarm
stroke, but somehow making this slight
change never occurred to these early swim-
mers. Today dog paddle is used only as a
temporary expedient in teaching beginners
to swim.

Around the 17th century, European swim-
mers started to copy the swimming move-
ments of the frog, and from this came the stop-
start action of the breaststroke, the first formal
type of swimming in Western culture (see
p-5).

But recent research suggests a scattering ef-
fect that shows that the evolution of the swim-
ming strokes did not follow a precise sequence

of events, such as that contained in the litera-
ture of Western civilization. To say that the
study of swimming was always an intellectual
exercise would be incorrect because a veritable
hodgepodge of swimming strokes, completely
out of sync with the assumed traditional se-
quence, were swum in various parts of the
world. In fact, the evolution of the swimming
strokes provides a fine example of how history
can take one body of evidence and turn it
around.

Most accounts of the history of the swim-
ming strokes have led us to believe that there
had been but one pure line of ancestry—a se-
quence from dog paddle, also called the human
stroke, tobreaststroke, sidestroke, then trudgen,
and finally to our greatest creation, the crawl
stroke. In fact, this was not so because the
principle of continuous propulsion, a deriva-
tive of the sport of ocean surfing, had already
been observed for thousands of years in the
overarm swimming strokes of the Polynesian
peoples.

Long before Magellan, Balboa, da Gama,
and Cook had broken out of the traditional
confines of European waters to pursue their
voyages of discovery, the peoples of Polynesia
were naturally swimming the powerful over-
arm ocean stroke that later became known as
the crawl. While Europeans pursued their la-
borious methods of swimming, the indigenous
peoples of the South Seas had long been swim-
ming the more facile overarm stroke that pro-
vided continuous propulsion instead of a stop-
start progression through the water.

In 1849, Sidney Howard, an American, pub-
lished The Science of Swimming as Taught and
Practiced in Civilized and Savage Countries, in
which hereferred to dela Perouse’s trip around
the world in 1785. Captain de la Perouse said
that the Indians, or natives, of Easter Island
(one of the South Sea Islands) were remarkable
swimmers using overhand strokes.

Not until the late 19th century did the self-
termed sophisticated swimmers of Europe
deign to dispense with their quiet, graceful,
nonsplashing strokes and experiment with the
newfangled, hand-over-hand action displayed
to them with telling effect by visitors from
overseas.



How would the PacificIslandershave viewed
the swimming of the 19th-century Europeans?
A raised hand would politely have covered
their smiles at the sight of the awkward stop-
start movements of the breaststroke, sidestroke,
and trudgen, and the theoretical explanations
that accompanied their performance.

Let no one be mistaken: speed swimming
started in the majestic, thundering surf of the
Pacific Islands and not in the streams of the
bucolic European countryside. In contrast, the
400-year literature of European swimming
shows a more studied, tedious, and slower
development of the sport than that which ex-
isted naturally for thousands of years among
the Polynesians. (See “Descriptions in Western
Literature,” p. 7.)

The carefully preserved (by word of mouth)
legends and mythology of the Polynesian
peoples tell us that they swam their powerful
oceanic overarm stroke long before it entered
Western culture to become the racing crawl
stroke, a masterpiece of human ingenuity and
adaptation. Speed swimming found its origins
hundreds of years ago on the warm-water surf
beaches of the Pacific where surfing and swim-
ming were the natural sports of the islanders.
In the traditional surfing skill, known as the
huki, they used arapid overarm windmill stroke
combined with a flutter kick to catch the gath-
ering momentum of a cresting wave.

The huki was performed either on a surf-
board or while lying prone on top of a wave as
it began to break. This basic movement, de-
signed to match the tremendous speed of a
powerful incoming wave, was also the natural
swimming method of theislanders when swim-
ming in still water. In fact, there is distribu-
tional evidence to show that throughout
Oceania, children were taught to swim with
this method while lying on a short surfboard.

Many writers have described the thrill and
excitement of speed as the essence of swim-
ming in the surf. Jack London (1911) on his visit
to Hawaii drew a vivid picture of how he
paddled the windmill stroke to catch a big fast-
moving wave. Born in the surf out of the sheer
necessity to quickly generate speed, the huki,
or the crawl, asitbecame known whenitspread
to Australia and other swimming nations, was
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later to revolutionize the sport of speed swim-
ming.

When Duke Kahanamoku, the great Hawai-
ian swimmer, gave an exhibition of surfboard
riding at Long Beach, California, on July 30,
1922, he also unintentionally showed the esti-
mated crowd of 5,000 spectators how the an-
cient Hawaiian huki technique of paddling
and flutter kicking was used for mounting a
cresting wave. On July 31, 1922, the Long Beach
Daily Telegram described it this way:

Duke Kahanamoku, Olympic champion
and inhis prime the world’s greatest swim-
mer, gaveanexhibition of surfboard riding
in front of the Hotel Virginia yesterday.
Lying face down on the board with the
legs protruding into the water, the swim-
mer would begin a thrash with the legs
such as is used in swimming the crawl
stroke. At the same time, he would paddle
with his hands furiously. This work was
started justbefore the surfbreak. The rush-
ing waters would lift the board and carry
it along at a terrific pace. As soon as the
board was going well, the surfer would
pull himself up to a kneeling position and
then gradually rise to his feet.

For moreinformationand early descriptions,
see King (1778), Ellis (1831), Thrum (1896),
London (1911), Twain (1872), and Finney and
Houston (1996).

The Advanced Styles
of the North American Indians

There is every indication that for centuries
Native Americans swamin greatnumbers with
a superior overarm stroke, while the so-called
civilized world persisted with breaststroke and
sidestroke.

Unfortunately, early organized swimming
in North America copied the European swim-
ming style, particularly the methods brought
to America by the colonial English. This was a
pity because more advanced styles already ex-
isted in North America, as noted in 1739 in the
diary of the English colonial William Byrd,
founder of Richmond, Virginia, and a planter,
satirist, and writer of diaries (Byrd 1928).
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Writing on September 30, 1739, Byrd noted:

This being Sunday, we were glad to rest
from our labors; and, to help restore our
vigor, several of us plunged into the river,
not withstanding it was a frosty morning.
One of our Indians went in along with us,
and taught us their way of swimming.
They strike not out both hands together
butalternately one after another, whereby
they are able to swim both farther and
faster than we do (Byrd 1928).

Even when the better American style was
exported to England 100 years later in an 1844
London exhibition by two Native Americans
from the Ojibbeway Nation—Flying Gull (We-
nish-ka-wen-bee) and Tobacco (Sah-ma)—the
English paid little attention and refused to
change, despite the obvious superiority of the
Native American swimming style. This fore-
runner of the modern crawl stroke was de-
scribed in The London Times (April 22, 1844) as
being totally “un-European,” declaring that
the Indians thrashed the water violently with
their arms like sails of a windmill and beat
downward with their feet blowing with force
and performing grotesque antics.

The Mandan Indians

In his A Manual of Swimming (1867), Charles
Steedman quoted George Catlin’s memoirs on
the habits of the Mandan Indians. Catlin de-
scribed a place half a mile or so from the village
where the women and girls went every sum-
mer morning to bathe in the river. All the
people learned to swim well; even the worst
swimmer would fearlessly enter the rushing
current of the Missouri River, crossing the
river with ease.

According to Catlin, all American Indians
knew how to swim; they learned and taught it
well. Many tribes spent their entire lives on the
shores of lakes and rivers, paddling across
them in fragile bark canoes that were prone to
accidents, “which often throw the Indian upon
his natural resources for the preservation of his
life.” Also in times of war, the Indians had to
plunge into and swim across wild streams and
rivers when they had no canoes or boats.

The mode of swimming the Mandans and
most of the other tribes used was quite different
from the swimming in other parts of the world
that Catlin had visited. Catlin described the
method:

The Indian, instead of parting his hands
simultaneously, under the chin, and mak-
ing the stroke outward, in a horizontal
direction, causing thereby a serious strain
upon the chest, throws his body alter-
nately upon the left and the right side,
raising one arm entirely above the water
and reaching as far forward as he can, to
dip it, whilst his whole weight and force
are spent upon the one that is passing
under him, and like a paddle propelling
him along; whilst the arm is making a
half-circle, and is being raised out of the
water behind him, the opposite arm is
describing a similar arch in the air over his
head, tobe dipped in the water as far as he
canreach before him, with the hand turned
under, forming a sort of bucket, to act
most effectively as it passes in its turn
underneath him.

Catlin called it a “bold and powerful mode
of swimming” though lacking in grace. Still
Catlinnoted that the stroke used by the Mandan
people helped them avoid much of the fatigue
and strain inherent in other strokes, preserving
their strength. (Adapted from Steedman 1867,
pp. 192-193).

The Crawl Stroke

Because organized competitive swimming first
started in England in the late 19th century, it
was natural that English swimming methods,
suchas the overarm sidestroke and the trudgen
stroke, would spread to the rest of Europe and
be copied there, although more advanced
double overarm methods actually existed in
the Pacific Islands and other warm maritime
countries. In fact, there can be no doubt that
from time immemorial, overarm swimming
strokes had existed in countries bordering on
warm tropical seas. This was particularly true
of the Pacific where the natives had swum a
type of overarm stroke that was later to be



known as the crawl stroke (figure 1.11). But,
because no international governing body of
swimming existed at that time, there were no
visits with swimmers from countries outside of
Europe.

The crawl stroke. From Sachs 1912,

Figure1.11
p. 145.

However, the turning point in the develop-
ment of the crawl stroke came when Dick Cavill,
amember of the famous Australian swimming
family that had originally emigrated to Austra-
lia from England, realized that the side scissors
kick actually retarded continuous propulsion.

The probable sequence of events, as recon-
structed by historians, was as follows: Accord-
ing to Carlile (1963), Fred Cavill, an English-
man, settled in Australia in 1879 and started a
swimming bath at Lavender Bay in Sydney
Harbor. Fred Cavill had six sons, three of
whom—Syd, Arthur (“Tums”), and Dick—
played an important part in the crawl’s devel-
opment.

In 1914, Syd Cavill wrote in the Sydney
Referee that while on a visit to Apia in Samoa,
he raced a woman swimmer who gave him the
hardest race of his life. Syd noted with amaze-
ment that she swam an overarm stroke but did
not kick at all. After watching her intently, Syd
tied his legs and found that he could swim as
quickly with his legs tied as he could with his
legs free using any other stroke. Then he wrote
home and told Tums aboutit. The restis history
(Carlile 1963, p. 133).

Sullivan (1928) relates how the original crawl
stroke evolved in Australia, thus the name
“Australian crawl stroke.” Sullivan retells the
story told by Louis de B. Handley, an American
authority on swimming. Tums Cavill raced
Syd Davis over 33 yards with his legs tied and
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won. Then Cavill and Davis raced again, only
this time Cavill’s legs were untied. Davis won
the second race.

Dick Cavill, Tums’s brother, couldn’t believe
what he saw. After a few private time trials,
Dick was convinced thathisbrother really could
sprint faster without using his legs. Dick rea-
soned that when properly applied every ounce
of power must increase speed; therefore, the
scissors kick was radically wrong. The ques-
tion was to find the right kick.

Then Dick remembered seeing Alick
Wickham, a Rubiana sprinter, use an odd
straight-legged kick, learned from the natives
at Colombo, Ceylon. He experimented with it
and was surprised by the results. The kick
proved speedy from the very first trial.

Now he had the kick, but finding a harmoni-
ous arm action bothered him considerably. By
the time Dick found it, the 100-yards champi-
onship was only a few days away. He entered
the race anyway, anxious to publicly test his
new stroke. Dick started at a terrific pace and
reached the 50-yard mark five yards ahead of
the nearest competitor. However, due to his
imperfect mastery of the new stroke, he was
passed by the speedy Bishop.

Even though Cavill was defeated, this race
gave coaches an idea of the value of this new
stroke. (The peculiar action of the stroke earned
it the name “the crawl.”). They immediately
embraced the new stroke and formed classes to
teach it. The success was marvelous. Men who
had been indifferent swimmers gained in apti-
tude, good men improved, and soon the world
was ringing with the news of the crawlers. At
Rubiana, Al Wickham used the crawl to swim
50 yards in 24 seconds. Then Dick Cavill swam
a phenomenal 100 yards in 58 seconds. Soon
the stroke invaded Europe, eventually reach-
ing America in 1904 (Sullivan 1928, pp. 37-38).

Duke Kahanamoku (see also p. 13), the first
great Hawaiian Olympic swimmer, assured
questioners in 1912 that the crawl stroke “had
always been natural to the Hawaiians,” while
Alick Wickham, a Solomon Islander who lived
in Sydney at the beginning of the 20th century,
and who once held the world’s 50-yard record
for a fairly long period, said that all children in
these islands swam a form of crawl stroke.
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Wickham claimed that even before 1900 one of
hisbrothers, whowasbeing educated in Sydney,
swam the crawl there on numerous occasions
but, possibly because he was not a speedy or
polished demonstrator, no particularnotice was
taken of him. Paradoxical as it may seem, Alick
Wickham swam a perfect six-beat crawl stroke,
but mainly because he was usually finished by
75 yards, his stroke was not copied in its en-
tirety. However, a two-beat, heavy, muscular
leg beat evolved, becoming known as the Aus-
tralian crawl (Kiphuth 1942).

The Origin of the Term
Crawl Stroke

Carlile (1963) gives two versions on how the
term crawl stroke may have originated:

1. When Alick Wickham, a boy from the
Solomon Islands, was first seen swimming his
strange continuous overarm stroke in Australia
in a 66 yards under-10 years handicap, George
Farmer, a prominent Sydney coach, excitedly
exclaimed, “Look at that kid crawling.”

2. The second version of the origin of the
termis that 15-year-old Dick Cavill, the stroke’s
tirst great exponent, burrowed his head so
deep below the water’s surface while swim-
ming the new stroke that he persistently swam
over his rivals who complained that young
Cavill was “crawling all over me.”

However, in his benchmark book A Manual
of Swimming (1867), Charles Steedman gives
evidence of a much earlier origin of the term:
“An easy method for a person to learn to swim
without the aid of a teacher is first to acquire
what is commonly termed the crawl or dog
stroke” (p. 78).

Steedman then describes the action of the
dog paddle, a stroke still in use today for teach-
ing beginners. It is possible that the term crawl
stroke may have long been in common use to
describe the dog paddle and that George
Farmer’s use of the term crawling in reference
to Wickham’s spectacular method of swim-
ming might have inferred that Wickham was
crawling, or dog paddling, so fast that his arms
were actually coming out of the water, instead

of reaching forward underwater as in the con-
ventional dog paddle action.

The Development of Fundamentals

It should notbe thought that the crawl, the new
wonder stroke, was accepted everywhere with
acclaim. To the contrary, some thought it was
inelegant and others regarded it as very tiring.
Sinclair and Henry (1903) described the stroke
like this:

The swimmer appears tobe crawling over
the water instead of being in it, hence
there is much splashing. It cannot be said
that the action is graceful, but it certainly
is particularly speedy, as Cavill has swum
a 100 yards in a 44 yards’ bath in the
remarkable time of 58 3/5 seconds (p. 23).

The early crawl stroke was a difficult stroke
to swim because it was born without a breath-
ing technique. The first crawl swimmers swam
as far as they could on one breath, before lifting
the head forward out of the water to take an-
other breath. A workable method of breathing
came later.

The new method could be used only for
short distances because it consumed energy
rapidly. The first swimmers to use the crawl
were mainly those who had grown up doing
the trudgen stroke, and few could use it to
complete the 100-yard racing distance. They
swam trudgen for most of the distance before
switching to the crawl to perform a spectacular
grandstand finish.

The early crawl swimmers bore little resem-
blance to the polished technicians of modern
swimming. They burrowed their heads in the
water, mouths shut tight and lungs starved for
air, and they let their arms fly round and round
in a flurry of wild splashing, while the legs
kicked once for each arm pull, using a deep
knee-bend that caused each foot to hit the sur-
face with a resounding whack.

Despite all the excitement about 