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Abstract. The objective  ofthis  study  was  to exarnine

changes  in sailors' physical chai'acteristics  during three
different time periods immediately  before the 1996  New

Zealand O]ympic trials, as a result  ofa  newly  introdueed

sport  seienee  programme,  Twenty  five (19 male  and  6
feTna]e) Olympie development  squad  members

volunt･eered  as  subjects  and  eompleted  fitness tests at/
different times between  April 1995  and  March 1996 after
being administered  with  individualised physieal training

programrnes, Statisticall>, significant  improvements were
observed  in body weight,  surn  of skinfolds,  flexibility

(assessed using  a sit-reach  test),  aerobie  endurance

(assessed using  a  maximal  effort  2500 m  rowing  test)

and  sl/rength  Cassessed as the maximum  number  of push-
ups,  pull-ups, and  sit-ups  that could  be completed  ill
2 minutes)  over  the three tirne periods, Thus,  physieal
training was  e ffective in improving many  aspects  of  sailors'

fitness, espeeial]y  early  in the sailing  season  as a  result

of pre-season  training. Physical performanee  correlated

poorly with  both light and  heavy wind  racing  performaRee,
The results  suggest  t,hat individually tailored training

programines wi]1 increase  sailing  speeific  fit,ness,

However, it is impossible to know  what  proportions of
raeing  performance  can  be attributed  to physieal fitness,
skill,  talent, and  technology, therefore the effect  of

physical training on  racjng  performanee  is diffieult, to
deter]nine.

       (Appe Human  Sci, 18  (6), ell-21Z  1999)
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Introduction

The physieal demands of  Olympie class  dinghy sailing

'Prese7tL.'
 Dep(wtwzezat Qf ffeatth Sciences,

Scievzces a･nd  Technology,  [ffNVTEC
"'Prese7zt.'

 Centre Jbr Sport Pet:fbrma".ce,

Aucictand

FaczLleu tafHeui･th

The  U"it'e7'sity qf

are  unique.  To counter  the forces of the wind  on  the sailCs)

the saUor  must  lean out  over  the willdward side  of the buat.
This actjvity (hiking) involves quasi-isometric action  of the
muscles  in the anterior  side  of the body (abdomtnals, hip
and  knee  extensors  especially)  and  during racing  requires

strength,  enduranee  and  flexibility (Mackie et al., 1999).
   There have been a number  of  studies  that have
investigated the physjcal deinands of  dinghy sailing

CNiinimaa et al., 1977; Marchetti et al,, 1980; Shepherd,
1990; Le Goff, 1988; Gallozzi eL  al,, 1993; Putnam, 1979;
Vogiatzis et al,, 1993, 1994; Mackie  et  al., 1999; Legg  et al,,

1997; Legg et al., 1999), There are,  however,  on]y  two

previously reported  studies  ot' physical training, and  the

effects  of  the training on  sailors physieal ability CWright et

al., 1976; Spurway and  Burns, 1993), ･ The physieal
conditioning  programmes that "Jright et al. and  Spurway
and  Burns  used  were  specifie  t･o dinghy sailing but were
not  tailored to the needs  of  each  individual, in terms of the

class of boat sailed  and  the weaknesses  of eaeh  sailor, No
attempt  was  rnade  to relate  the improved  physical
eharacteristjes  ofthe  sailors to raeirig  perfonmance. "rright
et  al, found that the  sailor's racing  performanees improved
fol]owing the prescribed physieal training prograinme,
However, the reasons  for the improveinents were  not  clear,

Legg et･ al, (1997) compared  the physicai performance  of

31 elite New  Zealand sailors wjth  that oi' le8 elite  sailors

from 10 other  nations,  The New  Zealand sailors  were

lighter and  younger than  the other  sailors  and  tended to
have greater shoulder/arm  strength  and  enduranee  and

were  aerobically  fitter. The measurements  were  not

repeated  at  a  ]ater date so  it was  not,  possible to examine

changes  in the sailor's  physieal characteristics.

   The aim  ol' the present stud],･ was  to examine  the

changes  in sailor's ph.v･ sical  chara,cteristics  during the build-
up  to the 1996 Olympic: game.s seleetion  trials after  beiRg

providecl with  individualised training programines as  part
of  a  ne",ly  intreduced sport  science  programine  (Legg et
al., 1997; Legg and  Maekie, 1999, Mackie and  Legg, 1999b),

The  training programmes  included strength,  endiirance  and

flexibility training arLd were  periodised into off-season,  pre-
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season  and  in-season. A  secondarv  aim  was  to examine

the relationshlp  between sailors' physieal characteristics  te

racingperformanee,

that it might  provide a competitive  advantage  to their

opposition,  particularly in some  cases  gjving them  elues  t,o

their illjuries.

Methods

Subjects

   Twenty  five C19 male  and  6 fema]e) Olympie

developrnent squad  sailors  were  used  as  $ubjects  at

dift'erent times during the period April 1995 to March 1996.
Tbe  subjc.cts  consisted  of five Lase]', four Europe, three
Mistral and  ene  Finn sailor, and  four 470 skippers,  five 470

c'.rew･, two Tornado skippers  and  one  Tornado  crew.

St'urfy design

   Three periods of time were  usecl te study  ehanges  in

sailors' physieal characterisLics,  Depending  on  sailor's

avaLlability, different, sailors  were  tested in ea ¢ h of the

three time periods. The first group ot' sailors ",as  test,ed

during i'Xpri1 1995 (end ol competitive  sailing season)  and

again  during December  1995 (early the next  season),

Tradit,ionally, sailors  are  most  fit for sailing  at  the end  of

the sailing  season  CMarcblApril) purely as  a result  of a

season  of  sailing.  By testing sailors again  near  the start of

the following season,  the effects of pre-season physical

preparation (as a result  ol' the newly  advised  training

programme)  were  not,ed,  The  second  group of sailors was

tested during Sel)tember 1995 Cbeginning of sailing season)

and  agaiTi in i)ecember 1995 Cearly but we]1  into the
seasorD.  This allowed  comparisons  of  sailors  physical

characteristics  as they movecl  froni pre-season training to
in-season training, IJastly, The sallors that had been chosen

as the 1996 Olyrnpic team  were  tested during Aprjl 1995

Cend of season)  and  again  during March  1996 (end of  the

following season),  This comparison  allowed  sailor's

phy. sical fitness t/o be monitored  over  two  successive

seasons  during the long-terTn build-up to the l996 Olsqnpic

games.

frLdivictualisect t?'a･in･ing p]'ograwz'"ncs

   In generai, the underlying  pattern of training over  the

sailing year included sLreiigth (wejght, trainjng), endurance

(inostly running,  cye]ing  and  rowing)  and  flexibility

Cmixture of  pre and  post exet'cise  stret,ching  and  whole

flexibility sessions)  an(i was  periodised into off-seaso],  pre-

season  and  in-season. It is difficult to be specific  about

t/he inclividualised training programines  foilowed by each

sailor since  at the versT inigh level at whieh  these athletes

perform  it is esseritial that the training programmes  are

highly individual, so by their veTy  nature  are determined

by the particular needs  oi' botlt the dass of dinghy and  the

physical charaeterisLies  if the  individual sailor,  ineluding

any  modMcations  associated  due to iiijuries. Iii addition,
for ctompetitive  reasons  some  of the sailors were  less than
willing to diviilge the details ut' their prograrnme  arguing

Testprotocol

   Physical charaeteristjcs  were  nLeasured  using  bocly

eomposition,  fiexibility, strength and  endurance  test,s.

Body  composition  was  determiried by reeordiiLg  the sum

of skinfolds  from eight  sites t'or male$  and  7 sites for
fema]es.

   Flexibility "ras deterinined using  a sit and  reach  test

CLegg et･ al., 1997). Each  suQject  sat  ivith  their legs in front
of  them  "dth  their feet flat against  a  box approximately  2O
em  in height. The subjects  were.  barefoot and  their knees

were  loeked. The best oi' three measurements  from the

tips of  the fingers to the soles  of  the feet were  reeorded,

and  each  attempt  was  required  to be maintained  for at least
three seconds.

   To measure  strengt,h, pre$$ ups,  sit ups  and  pull ups

were  used  (Legg et  al,, 1997). WheTi possible a test for

isokinetic streiigth  w･as  completed  t'or the quadriceps and

hamstrings  using  a Biodex machine.  When  performing
press ups,  the maximum  number  of eont,iriuous, full body

pres$ ups  were  counted  (Legg et al., 1997). rJrhe

 body was

required  t･o be lowered to a position where  the arm  was

parallel with the floor. The required teinpo was  one  seeond

up,  and  one  secon(a  down.

   [Vhe maxirnuin  number  of  eontinuous  sit  ups

performed  in a  t･wo minute  period were  measured.  The
hands  were  held behind the head, feet were  anehorecl,  and

elbows  were  required  to toueh  the knees during each
repetition.  Subjeets were  advised  of  30, 60 and  90 seconds

so  they eould  pace  t,hemselves. The  test eeased  when  the

subject  could  no  ]onger work  eontinuously  or at the end

of  two  minutes.

   When  subjects  perfo rmed  chin  ups,  an  under  hand and
shoulder  "ddth  grip was  used  (Legg et al,, 1997). The chin

was  required  to touch the bar to eount  as a suecessful

repetjt,ion,  an(i the body  was  required  to be ]owered to a
near  straight  arm  position with minimal  body s"dng.  The

required  tempo  was  1.5 seconds  up  and  1,5 seconds  down,

   "Jhen  an  isokinetic leg strength  test, was  undert,aken,

angula,r  velocity  "ras  sei, to 30 degreesfsec for three
repetitions.  The outcoine  was  expressed  as  peak  torque

CNm) for both the quadriceps and  hamstring museles,  The

siTtgle  highest, peak torques were  recorded,  The test was

preeeded  with  a  warin  up  trial of  1O reps  at 180 degreesf
see.

   Not all subjects  jn each  group completed  all ot' the

t,esl,s. The subject  numbers  that completed  Lesl,s are  shown

in Tables 1-3,

Data processtng

   Means and  standard  deviatic)ns were  calculaled  for the
outconLes  of  each  test, for the initial and  final test in the
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three time perieds. Paired t-tests were  performed  on  the

same  sets  of data so that differences in sailor's  physieal
characteristi ¢ s between the initial and  final fitness tests
could  be identitled, Because the changes  in subjeets

physieal characteristics  over  time were  of primary concern

rather  than the absolute  measures,  males  arid  tema]es were

grouped together.

    Sailors physieal eliaracteristies t,hat were  ineasured

closest  to the Olympie trials (a light weather  regatta)

during March  1996 were  eoi'related with  sailors 01ympie
trials final ramking  in relation  to the other  sailors used  in
this study.  Sailors physieal eharaeteristies  were  also

eorrelated  wlth  the sailors  iinal ranking  in the Sail Auckland
International Regatta Ca moderate/heavy  weather  regatta)

in February 1996. I]aser sailors physical eharacteristics
were  also correlated  with their fbial ranking  in the National

Laser Championships held iii March  1996, By comparing

these results it was  determined  how  closely sailors physica]
eharacteristics  were  related  to raeing  performance  in light
weather  and  in windier  weather.

SJ  et  ai. 213

Results

Cha'nges i.n sailov's physicat  charactev'ist'ics

    Tables i, 2 and  3 show  the mean  and  standard

deviation ot' sailors physical characteristics  in the three
groups. In the April-Decentber group CTable 1) there were
significant  inereases in body  weight  C2,1 kg), sit and  reach

C35 mm),  pul] up  (2,2), and  sit up  scores  (13.1). There
was  a signjficant  deerease in 2500 m  rowing  time (O.7
deeimal minutes).  The iiumber  of push  ups  sailors  could

perform  increased C3.9) however  this change  was  not

significant,

   The  September-December  group CTable 2) exhibited
significant  increases in pull ups  (3.3) and  sit ups  C14).
Signifieant decreases were  observed  in sum  of skinfolds

C14,3 mm)  and  push  ups  (O.5). )F{ean sit and  reach  score

increased (13,1) and  2500 m  rowing  time decreased (O.5
decimal rninutes),  but lhe  changes  were  not  signifieant.

Mean  maximum  knee  extensor  torque deereased (8 N]n)

Table 1 Mean  (standard deviation) data for the  physical eharacteristies  of  sailors

   Lest,ed between April 95-December 9S

n Apri] DecembevDitl'erenee

Body  weight  (kg)
Surnfskinfolds Cmm)
Flexibilitv       t.

 Sit and  reaeh  (iuiu)
,4erobic EiLduranee

 2500  iu  row  (dec,min)
Strength

 Push ups  (No.)
 }'ull ups  CNo,)
 Sit ups  (No,)

7

 [r)

9

9

9119

 70.2 (8,7)''
 84.4 C32.2)

148.3 (82.7)

 10,O CI.1)

 25.3 (122)
 7.1 Cs.,v,)
 49.1 (10.1)

 72.1 C7,7)
 90.0 (29,9)

183.3 (92.1)

 9.3 (O,6)

29.2 Cll.8)
 9.3 (7.4)
 622  (12.ri1)

 2.0*

 5.6

3s,s

-O,7*

 3,9

 22,k

 13,1**

S'-p<O.05,
 
*"-p<O,Ol

 (using palred  t test).Ma]e/Fernale  ratio  =  3.0/1,

Table 2 Mean  Cstatidarca devfiation) dal,a for the  physical charaeteristics  ofsailors

   tesLed between  September 95-Deaeinb(.,r 95

n.SepteruberDece,mber

Body  weight  Cl{g)
Suinlskinfolds Onin)
Flexibilitv       '
  Sit and  reaeh  Cmm)
Aerobic Endurance

 2500 m  row  (dec,iniiL)
Strengt,h

 l"ush ups  CNo,)

 Pull up$  CNo.)
 Sit ups  (No.)
 Knce  ext.  CNm)
 Knee  fiex. (Nm}

34

s

8

8s566

 70/3

 99,4

124,4

 10.2

 10.2
  7.5

 41,2251.ir,126.8

C5.9)C30,9)

(87.7)

(1,4)

{1.4}c[r,.1)C18.4)(87.9)C39.7)

',6I,

 85.1

137,5

  9.7

  9,7
 10.8

 55.2243.5118.9

(6.3)C28.7)

C63.5)

Cl.1}

(1,1)(7.0)C18,8)(75.5)C3,O,.ol)

Diffcrence

   O,1-
 14,3* *･

  13.1

 
-O.5

 
-O,5*

   3,3**
  14,1*
 
-s.o

   7.9*

*-p<O.05,
 

'/"-p<O.Ol
 Cusing paired t･ test),Mala/Fo.ma]e  ratio  =  2.3/1.
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Table 3 Mean  {staiidard dei,ia:ion)

   Lested bctweell April 95-Marah

Perforrnance ot' SaiEors

data96ior Lhc.', physieal characteristics  of  sailors

1'L April 9t)March  96DiU'erence

Body  weight  (kg)
Sum/sldnt'olds Cnin])
Fiexibl].jtv       v
  Slt and  reach  (inm)
iXerobic  Enduranee
  2500  m  row  Cdae,min)
Strength

  Push ups  CNe.)
  Pull ups  CNo.)
  Sit ups  (No.)

/T)6

o

o

5ci5

67.5 Cle.7)
68.0 C3e.･1)

25,2 (9,3)
 9,8 (3,2)
41.4 C6,5)

65,9 C9.4)
60.5 (13.1)

25,2 (8,8)
12.7･ (5,2)
47.2 (4.,1)

-1,6-7,5

o2.9*i).8*

"-p<O,05
 Cusing I}aired t test), Mate/Fcina!eratio=2.3/1.

Table4  Correlatiens(rL' values)  beti-,eei] physicalperfol'IILallceand racing  pert'orinanee jn dassas with  a reasoiiable  subject  size

C]rew",pell  Conipetitlon･

(uiiT{l strungth)

Body Sum  of

",uighl,  skinfo]ds

            Maiiishee-
SiL,& 2500m
              ting I'ull-ups
reach  Row
             Pov,er

               Leg Leg
])ush-ups Sil.ups szrength  strength

             quadrieeps  hamstrjngs

470  crew

470 sldpper

Laser

7

6

6

Olympic triais Cligbt)
Suil Au{tldand (ivoderate)
Ol.v[npLc trials (lighO
Sail ,Xuc/k[and  CmoderaLe)
OIympic  trials (light)
Sail Auckland (tnoderaLe)
Laser Nat,ionals (moderaLe)

  O.15 U.12
-O.3,V-)

 O.62

  O.44 O.03

  O.:33 -O,26

  O.6S O.09
  o.r,fi o.2･ 2
  O.60 O.76

  O.73 -O.39
 O.27 O.35 -O.08

  O.IO O.6B -O.31
 
-O,IS

 
-O.33

-027
 
･-O.66

 O.62 O.313 -CLt/l4
-o.16 o.it/s 

-o.33
 o.27 -o,le

  O.51 O.j]9 O.18 -O.03
 O.21

  O.03 O.Oi, O.62 -O.70 -O,4:3
-O.20

 O.49 O,76 -O.59
 
--O.47

e.46O.06O.78O.8ttnO.62O.5:]O.i)5-O.].6

  o.6e

  O.28-O,36

  O,26-O,61-OA3

 O.l4

 O,48

 O.03-
 O.81-O.67-O,98-O,93

insignificantly while. niaximum  knee  flexor torque

decreased  C7,9 Nm)  significantly.

    Increases iii pull ups  C2.9) aTid  sit ups  (5,8) wcre  Lhe

only  significant  changes  in the April 1995-March 1996

group (Table t3). I-Iowever, fiexibilit}, and  e)duranc/e  t/ests

were  not  earried  out  foi' this group. Both  mean  body

weight  and  sum  of skint'olds deei'easc,.d (1.6 Kg  and  7,5 rmn

respectively)  but the changes  w･ere  not  significanL

Relati,onsh?lp {of'phys'icat  ch･(w'a.cter'istics with  7'ac'ing

pe]tibrrtnance

    Poor corre]ations  beLween physical performanee  and

racing  performance  were  observed  ln all elasses  ior all of

the sailing  regattas, The highest eorrelations  (r2=O.85 and

r2=O.78)  were  observecl  in the  male  470 skipper  betweeTi

sjt up  scores  and  performance  in the Sail Auck]and rc..gatta

and  Oiyinpic trjals rc".speb.ctively. The  Laser  class  bad

positive correlations  of  rL'=O.76  betwecn  sum  of skint'olds

and  ]]aser Nat,ionals perfor'rnance and  ma,inshecrting  power

and  Laser Nationals perl'ormanee. Negative corrctlations  of

rL=O.98  and  r2=C}.93 were  observed  between hamstring leg
strength  and  Sail Auckland performance  and  Hamstring less

stre.ngth  and  Lasei' Nationals performance  respectively,

Discussion

Changes  i･n saitors  physical characteT'v;stics

    If sailors  follo",ed their usual  training patterns, then

there should  havc  been a  decrease in sailing  specifie  fitness

over  the April-I)ecember period. They  would  be fittest at

the end  of  the sailing  season  CiNpril) 
,
 then  a lack of physieal

training during off-season  and  pre-season would  mean  that
their fitness would  decrease. The fact that flexibility,
enduranee  and  strength  seores  all iinproved (4 out  of 5
significantly)  suggests  that t,he prescribed training

prograinnLes as part of the. sport  science  prograrrune that

was  intredueed  ",as  effective  in irnproving the  physieal

preparation of sailors for the 1995196 season.  The lack of
significaTit  ehange  in the rnean  push  ups  seore, ma>,  refiect

the sailors  tendency  to focus on  training muscles  specil'ic

t,o sailing  (e.g, pull ups  and  sit ups),  and  neglect  those

aetions  that do not  relate directly. to sailing. If so,  Lhis

would  raise coneern  as weighl,  1,raining should  inciude

antagonist  muscle  gruups as  well  as  agonists  to preveRt

rnuscle  imbalances. The significant inerease in body  weight

and  the insignifieant, iiicrease in sailors  sum  of skjn t'olds

suggest  that the sailors  experieneed  an  jncrease in musele
mass  as  a  result  of pre-season and  early season  physical

tra]TIIIIg,

NII-Electronic  
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    The resuks  from the group of  sailors  tested  during
September 1995 aiid again  during December 1995 pJ'ovide
an  indication of  the fitness changes  that oceurred  as  the

sailors  moved  frorn pre-season training  to in-season

training. The sigRificant increase in mean  sit-up  and  pull-
up  seores  reflect the inereased use  of sailing re]ated

muscles  due to increased sajljng time  (abdomina]s for

hiking; back, shoulder  and  arm  muscles  for pulling ropes).
The significant  decrease in mean  push-up  score. a]so

reflect,s  the move  to incretise}.d actual  sailing, as the push-
up  action  is not  used  regularly  when  6ailing. Insignificant
change  jn aerobic  endurance  was  to be expeeted

considerjng  that by December  mosl/  $ailors were  Iikely to
be involved in 'maintenanee'

 level off-water  training,

Although changes  in flexibility were  insignificant, fiexibility
would  be expected  to improN,e during the sailing season  as

a  result  of increased  sailing.  Signifiearit decreases in
sailors' sum  ot' skinrolds  and  very. Iittle change  in body
weight  suggest  increased proportions ot' lean muscle  rnass,

which  is also  consistent  with  increa,sed sailing  and  less
emphasis  on  gym  based work  outs,

   Significant increases in mean  pull up  and  push  up

scores  for the group tested during April 1995 aiid  again

during March 1996 (the chosen  1996  Olympie team)
reilects  increased at,tention given to physjeal conditioning

siriee  the previous season.  Surpristngl},, the decrease in
sum  oi' skin  folds (that usually  t'ollows physical
conditioning)  was  not  significanr.  Hewever, subjeet

numbers  were  geTic',rally less for this group of saj]ors,

   In the three  subject  groups, many  or the iniLial and

ex,en final physica] performance  measures  are poorer  than

those reported  by Legg et al. C1997) u,heit  inales  and

females w･e.re grouped  together. Howevei', the sub,iects  in
Legg's study had a much  higher proport,ion ol' rviaLe sub.]'ects

Cmale]female =  4.8:1 compared  xvith  3,O:1, 2.3:1 and  4.5:1
in the iXpril-Dee,  Sept-Dec and  April-March  groups
respectively).  Theret'ore, one  would  expect  1/,he scores

reported  by Legg  et al. to be superior.  Soine of the fttness
relatecl scores  in the preseiit study  were  however bet,tc.r
1,han those reported  by Legg et  a], despite the greater
proportion of fenLales in the subjeet  groups, Superior 2500
m  rowing  times were  obseriied  in the llnaL results  of the

April-Deeernber group and  the  September-December

groups. A greatei' number  of sit-ups wcre  observed  in the

final results of 1,he April-December greup and  a  greater
llurnber  of pull-ups were  observed  in the final results  of

the April 95- March 96 group, These  l'indillgs suggest  that
the recently  prescribed physical trajning prograinmes are
iinproving the ritness of Olyrnpic elass sailors.

   The sub.ieets adherence  t,o the exereise  prograrnmes
was  not  controlled  or  monitored.  Fer this reason  the

ehanges  in subjects  physieal charaeteristies  eannot

definitely be attributed  t,o the exercise  programmes,  but

rather  to the adviee  that the subjects  reeeived  regarding

physical preparation.

   The physical performance  tests used  iri the present
study  were  based on  those tl'iat ",ere  first employed  by a

US  national  eoach  during t,he late 1980s as part of  his

eonsultaney  adviee  to a  number  ol' national  alld provincia]
sailing teams  around  the world  (Legg et al., 1997). The
t,est/s were  based upon  those used  t'or selection  of  military

personnel. The  push-up and  pull-up tests are  a  measure

of  shoulderfarm  strength  and  enduranee.  The ext(nt  to

whieh  1,he sarne  musele  groups are  used  in dinghy, racing

is not, clear. The sit-up test was  used  in the present study
because  it had  been used  ill an  earlier study  (Legg et  al,,

1997). As  a  test of  abdontinal  strength  and  endurance  it

tias severe  limitatiolls since  the hip flexor inuscles  are a

prominenl/ determinant of the performanee  of the test, A
test which  more  elose]y  simulates  the hiking act,ion  ol'

sailing  would  be more  appropriate,  Cycling or running  tests

would  be inapproprial,e, The  maximal  effort roxving test

is considered  to be a realistie  and  appropriate  way  of

assessing  aerobic  power jn dinghy  sailoi's as  jt utilise  the

rnuscles  in the 1ower and  upper  body and  invelves dynamie

flexion and  e.xtension  of  the t,runk-all of whieh  is

appropriate  in varying  degrees as a  simulant, uf the physical
activities in Olympie elass  dinghy  raeing.  The  face validity
of  the  tests used  in t･rte preseRt stud}, to assess  the physical
abilities  of  the sailors  is questionable aTid has been
objectively  examined  by Mackie  et al., 1999 based on

ret,respeetive  postural and  temporal  analyses  of  body
postures duririg simulat,ed  on-water  racing,  The latter
study  has provided  a mueh  impr'oved and  relevant  set of

physical perforrnance tests for sailors and  is reported  iii a
book of  the proceedings of a  SaiLjng Science Symposium

held in Glasgow, Scotland ln July 1999 Cunpublished at the
time of writing).

Reeal,ionship ofphysic(ml･ chcw'acte7"isttcs  u)ith  ract'ng

pe7:fo7wla'lzce

   The  facl that there were  poor correlations  between

physica] characterist,ics  and  racing  performance is

understandablc'.  given that the Olyinpic trials were  held in
predominantly  light weather  conditions.  In lighL coTiditioRs
t,he sailor inainlv  sits on  the side  of t,he boat winieh  is not            ttt
vet'y physically demanding,  However,  one  woulct  expect

the imp]'oved correlations  in the "dndier  Sail AuckLand  and

IJaser Nationals. Even in wind},  conditions,  skill and  taetjcs
play a large part iik overall performanee in a  ya,cht race,

and  these faet,ors cannut  be control]ed,  It is impossible to
know  what  proportioll of  a  sueeessful  sailing performance
call  be attribut,ed  to physieal fitness. Also subjeet  numbers

were  sma]1  due  to necessary  divisions by class  maidng

correlations  dii't'icult, Abetter  indication uf  the relationship

between  physical pert'ormanee and  racing  pe.rformanee
may  be possible by  using  bigger subjeet  sizes and  a greateJ'
number  of racing  results,

   ]]egg et  al. C1997) also  examined  the relationship

between physical performanae  and  racing  performaJ'iec,', No
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identifiable relaLiunshjps  were  found  except  t,hat Older

sailors  teTided 1/o have  better raeing  perforrTiances
suggesting  that experience  contribut,es  signit'icantly to

raeing  performanee. Peor subject  numbers  in each  class

and  other  faetors sueh  as skill and  talent/, again,  may  have

beell reasons  for sueh  poor  relationships.

   Only two other  st,udies  have attempted  to exairiine  Lhe

re[ationship  between a  sailor's physical charaet,erist,ies/

eapabilities  and  their on-wat/er  sailing  I)erl'ormance

CNiirLimaa et  al., 1977; Plyley et  al,, 198."}), Both  studies,

as  well  as  that of  Legg  et al. (1997), compared  the

biological characteristies  oi sailors with  an  overall ranking

or rating  of the sailor's sailing ability derjved either  from

the team captain,  the other  sailors in the team  CNiinimaa
et al., 1977) or  the national  coach  (P]y]ey et al., 1985; Legg
et al., 1997). Plyley et al, fouiid 1'hat, body mass  was  well

matched  to sailing  performanec ranking  for most  of  the

Olympie classes  of vessels  and  that flexibUity gave a

competitive  advantage  in the Soling class  and  that hand

grip strength  hell)ed in Lhe Flying Dut,ehman class,

Niininiaa et  al. C1985) showed  that in high wind  conditions

there was  a  competitive  advantage  for muscular  strength

toleranee of  anaerobic  effort  and  absolute  aerobic  power
as  well  as  balanc.e and  resistance  to mental  fatigue. Whilst
the latter topic is the subject  of a separate  study  b}･' the
authors  of the present study,  Shepharcl C1990) has

suggested  that the aerobie  power  may  serve  as a marker

for body mass  and  thus the abjlity to eouriterbalaiice  the

boat. Niinimaa's findings are  sirnilar to those of the present
study  in that the correlations  were  generally higher iri

windier  conditions.  The  present study  is, however,  the 1)'rst

to explore  the relation  between physieal eharac:Leristies  and

race  performance  usirig  actual  raee  rankings  rather  than

rankings  based upon  the subjeetivc}  judgement of  all

independenL  Cthough usuall,x,, cxpet'O  ranker.

Conclusions

   The introduction of  individualised training

programmes to members  of the New  Zealand Olympic
development squad  has been effective  in increasLng many

of the sailor's'physical eapabilities at clifferent stages  oi' the

training year. Significaiit increases in various  physical
capabilities  were  observed  iR the April-De.cember,
September-Deceinber arid  April 96-Marc/h 96 groups. Some
oi' the iinproveinents were  greater than the result,s  of  the

same  activities previously reported  even  though  t,he

proportion ot' females in the subject  groups were  Iarger

than  the previous study.  The  improvements  in physical
attributes  are  a  result  of  tlLe advice  the subjects  received

rather  t,han the  training  programmes  themselves,  as

adherence  was  not  controlled.  Physiea] pert'ormanc/e was

poorly related  to raeing  perfermanae.  This is
understandable  sjnce  the racing  performances  were  duriitg

lighl, wind  eonditions  where  racing  is not  partieularly

physieally demanding. How･ever, poor correlations  were

also observed  when  the results  froin wiiidier  raees  were

used.  It is impossible to control  for saUor's  skill  and  taetical

ability,  which  counts  for a  large part oi' the overall

performance  in Olyrnpie yacht raerng. Greater numbers  of

subjeets  and  race  resuks  would  provide a bet,ter indicatioTi
of the true relationship  between physical performance  and

racing  performanee.
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