
Japan Society of Exercise and Sports Physiology

NII-Electronic Library Service

JapanSociety  ofExercise  and  Sports  Physiology

Anthropometric
2000 Rowing

                  and  Physiological Factors Predicting

m  Ergometer Performance Time

Chie YOSHIGAi,  Yasuo KAWAKAMI2,  Tetsuo FUKUNAGA2,

Kohji OKAMURA3  and  Mitsuru HIGUCHI4

iGraduate
 School of Education, 17ie University oj' 71okyo, 7-3-1, Hongo, Bunkyo-ku,

7bkyo 113-OOI3, J`rpan
2Graduate

 School of Arts and  Science, 77te University of 7bkyo, Multi-Disciptinary Sciences,

Lijle Science, 3-8-1, Komaba, Meguro-ku, Tokyo 153-8902, Japan
3Saga

 Research inst., Otsuka Pharmaceutical Co,, Higashiyama, Ohmagari, Higashisefberi-son,

Kanzaki-gun, Saga 842-OJ95, Japan
`Laboratory

 for Health Evaluation, National Ihstitute of Hlealth and  Nutrition, 1-23-1, Tbyama,

Shinjuku-ku, 7bkyo 162-8636, Japan

                 Abstract
  YOSHIGA,  C,, KAWAKAMI,  Y., FUKUNAGA,  T,, OKAMURA,  K,

and  HIGUCHI,  M., Anthrepometric and  Physiological Fectors Prediet-

tng 2000 m  Rowing Ergometer  Pertormance  Time. Adv. Exerc, Sports

Physiet,, Vol,6, No,2 pp.51-57, 2000, In attempt  to predict 2(X)O m  rowing

ergemctcr  peribrmance  time,  wc  srudied  anthropornctric  and  physio]ogi-
cal  limlting factors arnong  78 collegiate maTe  rowers.  Among  varlables  that

we  measured.  2000 m  rowing  performancc time  was  significantly  and  in-

versely  related  to [ean body mass  (r=-O,68), maximal  oxygen  uptake

(-{).64). and  leg extension  power (-O.S4) (p<O,Oel). respectively,  Fur-

therrnore,  stepwise  mu]tiple  rcgresslon  analysis  indicated that teun body
mass,  maximal  oxygen  uptake,  and  leg extcnsion  povver were  selected  Hs

the explunutory  variab]es  in the erder  of  strength  ef  a sta"dardized  par-

tlal regression  coefficient.  Subsequcntly, we  developed single  and  mul-

tipTe linear regression  rnodcls  to predict 2000 m  rowing  perfoTmunce time

apptying  Rldgc regression  analysis  to the rnultiple regression una]ysis.

The  multip]e  model  using  three  explanatory  variabtes, 20{H) m-  rovving

ergometer  performance time (sec)=S59,45-1,04XLBM (kg)-12.8Sx
        

-1
         )-O,CX]67xleg extension  power (W) wus  the most  ac-VO:,... (1･min
curate modeHn  the present study.  The  findings of  thc present study  suggest

that the three  most  important  factors predicting successful  rowing  arc  lean

body mass.  maximal  oxygen  uptake,  and  teg extension  power. Our  find-

ings would  help rowers  and  coaches  to identify their potentiai talents and

to construct  highly focused training prograrns.
Key  words/  lean body mass,  maxirnal  oxygen  uptake,  leg extension  power

                lntroduction

    Elite rowers  have shown  to have the highest
maximal  aerobic  capacities  of all athletes  (1, 3, 4,
7, 9), when  they are  expressed  in absolute  units,

Among  elite rowers  higher maximal  oxygen  uptake

in a variety  of  exercise  manner  is associated  with

the better rowing  performance. Additionally,

isokinetic knee extension  strength  as  well  as  strength

measured  in a simulated  rowing  position have been
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correlated  with  rowmg  ergometer  performance (20,
21, 23),

   In recent  years, the development of  models

based on  laboratory data has gathered attention

because it has practical importance for talent iden-
tification and  for the development and  assessment

of  activity-specific training programs. In addition,

performance prediction modeling  could  help us  un-

derstand the physiological characteristics of  a sport

activity, Performance prediction models  have been
successfully  developed for road  cycling  (5, 16),

track cycling (6), and  distance running  (19) using

both anthropometric  and  physiological variables.

However,  so  far only  one  multiple  regression  analysis

was  applied  to develop prediction equations  to

predict 2000 m  rowing  ergometer  performance time
using  anthropometric,  metabolic  and  strength  vari-

ables  (21),
   The present study,  therefore, was  conducted:  1)
to identify the effects  of  anthropometric  and

physiological variables  on  the maximal  rowing  per-
formance of  rowers,  2) to develop single  linear reg-

ression  models  to easily  and  feasibly predict a 2000

m  rowing  performance time  on  the rowing  er-

gometer, and  3) to develop a multiple  linear reg-

ression  model  that provides both rowers  and  coaches

a more  accurate  prediction of  a rowing  perfor-
mance  time  such  that it allows  them  to assess  their

potential talents and  to make  training programs
success,

            Subjects and  Methods
Subjects,

    Seventy-eight collegiate  male  rowers  par-
ticipated in the present study [age 20± 1 yrs,
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   height 176
± 5 cm,  body weight  (BW) 69± 6 kgJ,

   All subjects were  informed of  the design and  pos-
   sible risks  of  the study  before providing written  in-

   formed consent  to participate in the experiments  as

   approved  by the Ethical Committee of  the Nation-

   al Institute of Health and  Nutrition. None of  the

   subjects  had any  diseases or  injury in the three

   weeks  prior to the experiment,  nor  were  taking any

   medication,  No vigorous  exercise  was  allowed  on  the

   experimental  day prior to the testing.

   Body  composition.

      Height was  measured  to the nearest  milimeter,

   BW  (kg) was  measured  to the nearest 0.01 kg on

   the calibrated  electronic  scale. Body  density was  cal-

   culated  as Db(Bp)=BW!Vb(Bp) where  Db(Bp) is body

   density and  Vb(Bp) is body volume  determined by the

   BOD  POD  system  (Life Measurement  Instruments,

   Concord, CA)  (8, 18), and  percent body  fat (%)
   was  derived using  the Brozek formula (2). And then

   lean body mass  (kg; LBM)  was  calculated.

   Maximal  oxygen  uptake,

      All subjects  completed  a progressive running  test

   (22) on  a treadmill to deterrnine their V02.,,. The

   test was  terminated  when  the subjects were  unable

   to continue  because of  exhaustion.  The  following

   criteria  for obtaining  V02.,. were  used:  (1) a plateau
   in V02  against  work  load, or  (2) respiratory  ex-

   change  ratio  (R) exceeding  1,O, (3) an  age-predicted

   maximal  heart rate  (HR), and  (4) the rating  of  per-
  ceived  exertion  (RPE) of  19 or  20.

      The  initial speed  was  set at 160 m･min'i  or  180

  m･min'i  for 2 min  and  then increased by 20 m･minTi

  every 2 min.  The  incline was  set at 3,O degrees

  (13), The expired  gases were  collected  in Douglas

  bags during the last 1 min  of each  stage,  The volume

  of  the expired  gases was  measured  with  a dry gas
  meter  (Shinagawa Seiki Co,, Tokyo, JAPAN). The

  oxygen  (02) and  carbon  dioxide (C02) content  of

  the collected  gases was  analyzed  using  the Res-

  piromonitor RMi300i  (Minato medical  science Co,,
  Tokyo, JAPAN).

      The  HR  was  monitored  continuously  by an

  electrocardiogram  (Nihon Kohden  Co., Tokyo,

  JAPAN)  as a safety  and  check,  The  RPE  was  also

  recorded  every  2min,  
･

  Leg  extension  power.

      As a  measure  of  muscular  power in the lower

  limbs, the maximal  bilateral leg extension  power was

  determined by an  isokinetic dynamometer  Anaerop-

  ress  3500 (Combi Co., Tokyo, JAPAN), The  ap-

  paratus is developed for measuring  the explosive

YOSHIGA  et al,

 power of  the leg in extension  and  was  found to be

 reliable  and  validity  (14) in subjects  of  both sexes.

Briefiy, the subjects  sit on  the seat  and  press their
feet on  the plate as hard as  they can  in a horizontal
direction until  the legs are  fully extended.  The body
weight  of each  subject  is used  as a  resistance,

Roveing pet:formance.

    On a  separated  day, a 2000 m  rowing  all out

test was  performed on  a  wind  resistance  braked
rowing  ergometer  (Concept II model  C, Morrisville,
VT,  USA), After a 5-min warm-up  period, sub-

jects rested  for 3 min.  From a 
"standing

 start",

each  rower  began to row  the first 10 strokes  with

rnaximal  effort  at a cadence  of  40 strokes-rnin-i.

The stroke  count  was  then  reduced  to ap-

proximately 34 to 36 stroke･minTi  until the last 250
m  of the test. Each  rower  increased the stroke  rating

to 40 to 42 stroke･min-i  for the final sprint. All
rowers  simulated  competitive  rowing  on  Concept II
rowing  machine  and  did their best in order  to elicit

their best time,

Analyses,

    Pearson product-moment correration  coeffi-

cients  were  generated between each  of  the

explanatory  variables  and  critcrion  variable  2000 m

rowing  ergometer  performance time (sec). The
explanatory  variables  included height (cm), BW

(kg), body fat (%), LBM  (kg), V02.,, (1-min-i,
mlJkg  (BW)-i･min'i, ml･kg  (LBM)-'･min-i), leg ex-
tension power  (W, W･kg  (BW)'i, W･kg  (LBM)").
Stepwise multiple  regression  analysis  was  conducted

using  the explanatory  variables  to select  the better
explanatory  variables.  Subsequently, single  as well

as multiple  linear regression  analysis  was  per-
formed to predict 2000 rn rowing  ergometer  perfor-
mance  time, Ridge regression  analysis  was  applied

to the multiple  regression  analysis,  and  the correla-

tion matnx  was  standardized  again.  The  multiple  cor-

relation  coefficients  adjusted  for the degrees of

freedom were  used  to assess  the proportion of  each

of  the explanatory  variablcs.  The  adjusted  multiple

correlation  coefficients  consider  both the number  of

explanatory  variables  and  the sample  size, resulting

in a shrinkage  multiple  correlation  coeffieient  which

is approximately  corrected  the upward  bias of  the

correlation  coefficients,  thus providing a  more  ac-

curate  estimate  of the goodness-of-fit of the each

prediction models.

   Standard error  of  estimate  (SEM) for each

model  was  calculated  to assess  the accuracy  of

prediction. Significance was  set at p$O.05. All data
were  expressed  as means ± standard  deviation (SD).
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                               Factors Predicting

Analyses of  the data were  performed using  a

STATISTICA  statistical package.

                  Results

Correlation between 2000 m  rowing  ergometer  per-

formance time and  physiological variables  (7bbte 1),

    Among  anthropometric  variables,  LBM  was

most  strongly  correlated  with  2000 rn rowing  er-

gometer performance time  (Fig, la), BW  and  height

were  also  strongly  correlated with  2000 m  rowing

ergometer  performance. Among  V02.,, variables,

absolute  V02.,, expressed  in 1-min"i was  most

strongly  correlated  with  2000 m  rowing  ergometer

performance time (Fig. Ib), However, no  correla-

tion with  2000 m  rowing  performance time was  ob-

served  in V02.,. expressed  in ml･kg  (BW)"i･min-i
or  ml-kg  (LBM)7i･min'i, Among  leg extension

power variables,  absolute leg extension  power  (W)
was  most  strongly,  significantly  correlated  with  2000

m  rowing  ergorneter  performance time  (Fig, lc),

However,  no  correlation with  2000 m  rowing  per-
formance time  was  observed  in leg extension  power
expressed  in W･kg  (BW)-i or  W･kg  (LBM)-'.

T7te accuracy  of prediction (7keble 2).

    Prediction of  the 2000 rn rowing  ergometer  per-
forrnance time  using  

"LBM
 (kg)" (r2=O.46, SEM=

              Table 1 Anthropometric characteristics,

                     rowing  ergometer  performance
                     2ooO m  rowing

Rowing Performance
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The regression of  2000 m  rowing  ergometer

performance time  on  LBM  (kg) for 78 male  rowers.

Single Iineur regression  model:  2000 m  rowing  per-
formance ergometer  time  (sec)=548-1.99xLBM
(kg), r=-O,68,  p<O,OOI. Standard error  of  es-

timate=11,O sec,

oxygen  uptake,  leg power and  2000 m

 78 male  rowers,  and  correlatiens  with

time.

Variables

 (unit)
Means ± SD Range

Correlation with 2000 m

  rowing  ergometer

  performance  time

Height

  (cm)Weight

  (kg)Body
 fat

  (%)Lean
 body mass  (LBM)

  (kg)Maximal
 oxygen  uptake  (V02max)

  (1'min'1)
  (ml'kg (BW)Jmin-')
  (ml'kg (LBM)･min=i)
Leg extension  power

  (W)
  (W'kg (BW)-i)
  (W'kg (LBM)'i)
The 2ooO m  rowing  ergometer  performance

  (sec)

     176.3± 4,7

      69.3± 5.8

      11.7± 3.6

      61.2± 5,1

      423 ± O.34
      6Ll ± 3,9
      69.3± 4,7

     2300 ± 379

      33.2± 4.8
      37,6± 5,1
time

     426.3± 14.9

168.1-188,9

58.1 - 84,1

 5.4-25.3

 50,2-74.7

 3.34-5.00
 51,8-70,7
 57.5-79,6

1517-3198

 23.5-46.5
 25.7-51.2

 396-459

    *-O.35

    **-
 O.66

 O,05

    **-o,os

    **-O.M

 O.06

 O.08

    **-O,52-O.21-O.21

"P<O.Ol"'P<O.OOI



Japan Society of Exercise and Sports Physiology

NII-Electronic Library Service

JapanSociety  of

      {
`

,o

      46e

    B
     :
    1
     .E
     1.
     2
     ; 440

     g
     

en

     8
     U
     E

     g
     8 a2o

     v
     

.}
     E
     E

     8
     R
      4oe

      380

    Fig.

ggt

L1

ExerciseandSportsPhysiology

      't･-""'"-""'/'""""""'F-----･'"""''r'"''       1 1 + t

       - - J l
---------r------]1---------it------t'1-'

     g l l l

      

      -''''''
 

      
.......

 
      

      

.......
       - - ･te  

t
       4 t t -
       t - t -

       - - t -

       - + t -
       - - t -

       - 4 1 /
       i 4 1 1

C,YOSHIGA

''i

l

     '

     l.
     ;.".HI

     11
     1

-･----l
     l･
     1
     lt
     i
     !

     l
     1

3,O 3.5 A,O 4.5 5.e 5,5

             MaximaLoxygenuptake{I'min'/)

lb The regression  of  2ooO m  rowing  ergometer

  performance time on  V02... (ltmin']) for 78 male

  rowers.  Single linear regression  model:  20oo m

  rowing  performance ergometer  time (sec)=574-
  27.2XV02.,,  (1･min'i), r=  -O,64, p<O.oo1. Stan-
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           Leg extensiefi  power  ("･')

The  regression  of  2000 m  rowing  crgometer

performance time on  ieg extension  power (W) for
78 male  rowers,  Single linear rcgression  model:

20oo m  rowing  ergometer  performance time  (sec)
=473-O.0205

× leg extension  power (W), r=  
-O,52,

p<O,oo1. Standard error  of estimate=12,9  sec,

Table 2Criterion  variable,  regression coefficients,  explanatory  variables,  constant  terms,

corrclation  coefficients,  adjusted  correlation  coefficients, coefficient  of

determinations, adjusted  coefficint  of  dcterminations, and  standard  error  of

estimations  on  single linear regression  models  and  multiple  linear regression

model  for 78 male  rowers.

Criterionvariabte Explanatury variable

        Constant
Regression
         term

coefficient

         (sec)

Correlationtoefficient

   r

,'Ndjustedcorrelationcoefficient

   r

Coefficient of Adjusted Standard

determination cDefficient  of  error

        determination nf estimate
    z z

   r r  (sec)

Ca single  lineur regressen  model>

 2ooe m  rowing  ergometer  time (sec)

<a multiple  linear regression  model)

 ZooO m  rowing  ergometer  time  Csec)

 LBM  (kg)
            -]
 VOz... "･min )

Leg power  (W)

 LBM  (kg)
            -b
 VOe.,, (T'min )

- 1.99-2Z2-

 O.021

-
 1.Z･t-141

54S574473

562

   s*-O.68

   +--e.6q

   *i-e.sz

-O.69+-

O.46e,41O.27

e.ns

11,e]l,6IZ,8

10.8

 LBMLeg

 powerCkg}(w)-

 1.50-

 o.u{ms
-

537 -e.67-* O.44 112

 VO!malLeg

 power(t'min

 >

 (W)-ZO.2-  O.11 537 -O.65-* U.43 11,3

 LBM  (kg)
            

-1
 VOL,m,. U'Min )
Leg power  <W)

- 1,04-IZ.9-

 O.O075S9 -O.71si O.50 10,6
**P<O,OOI
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                             Factors Predicting

11.02 sec)  was  more  accurate  than  that using

"V02.,.

 (1･min-i)" (r2=O.41, SEM=11.59  sec)  or
"leg

 extension  power (W)" (r2=O.27, SEM=12,87

sec).

   Stepwise multiple  regression  analysis  indicated
that LBM  (kg), V02.,, (1･min-i), and  leg exten-

sion  power (W) were  selected  as the explanatory

variables  in the order  of  strength  of  a standardized

partial regression  coefficient.  The other  variables

were  rejected  at the criterion  for significance  e.05,

   The 2000 m  rowing  ergometer  performance time

predicted using  two  explanatory  variables  
"LBM

(kg)" and  
"V02.,.

 (1･minLi)" (r2=O.48, SEM=
10,78 sec)  was  more  accurate  than  those predicted
using  one  explanatory  variable  (Fig, 2), However,
the 2000 m  rowing  ergometer  performance time

predicted using  
"lean

 body mass  (kg)" and  
"leg

 ex-

tension power (W)" (r2=O.44, SEM=11.15 sec) or

that predicted using  
"V02.,,

 (1･min-i)" and  
"leg

 ex-

tension power (W)" (r2=O.47, SEM=11.00  sec)

was  less accurate  than  those predicted using  only

"LBM

 (kg)",
   Finally, the highest linear adjusted  coefficient  of

determination was  obtained  in multiple iinear reg-

℃
 thta

 o･ny"8ggg

t･ny
gg･gRgseq

Rowing Performance 55

   ression  model  using  three explanatory  variables

   
"LBM

 (kg)", 
"V02.,,

 (1･minJi)" and  
"leg

 exten-

   sion  power (W)" (r2=±O.49, SEM  =10,60  sec),  The

   prediction equation  for 2000 m  rowing  ergometer

   performance time (sec) was  559.45-1,04xLBM

   (kg)'12,85× V02.,. (1･min-i)-O,O067× leg exten-

   sion  power (W) and  the power of  prediction is

   
-O.71

 (p<O.OOI).

                   Discussion

      A  major  finding of  the current  study  was

   four-fold, Fkst, among  anthropometric  variables,  LBM

   had the highest correlation  (r=-O.68, p<O.OOI)
   and  BW  had the second  highest correlation  with  2000

   m  rowing  performance time  (r= -O.66, p<O,OOI),
   A  previous study  (21) had reported  that BW  cor-

   related  with  2000 m  rowing  ergometer  performance

   time  (r=-O,41, p<O,05, n=19).  The  results  in the

   present study  confirm  that the heavier a rower  is,

   the faster he can  row  a  boat, Especially, the more

   LBM  in a  rower  is associated with  the greater per-

   formance in a rowing  ergometer.

      Second, V02.,, (1･min-i) had a strong  and  sig-

   nificant  relation  with  2000 m  rowing  ergometer  per-

A4hx
   

Fig. 2 The  rnultiple

     (kg) and

     2000 m

     × VOImax

    regression  of  2000 m  rowing  ergometer  performance time  on  LBM

 V02... (1･min'i) for 78 male  rowers,  Multiple linear regression  model:

rowing  ergometer  performance time  (sec)t559-1.24XLBM (kg)-14.1
 (1･min']), r=  

-O.69,
 p<O.oo1. Standard error  of estimate=10.8  sec.
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     S6 C,

   formance time  (r= -O,64, p<O,OOI). The  mean  of

   V02.,. (ml'kg (BW)'i･min-i) in this study  is similar

   to that reported  in previous studies (11, 12, 17).

   The V02.,. of  rowers  was  mainly  due to their large

   body dimension (24), When  the V02.,, waS

   expressed  per BW  or  related  to BW  to the power
   2!3, the smaller  and  less successful  rowers  showed

   similar  or  slightly  larger values  (26). Also, we  could

   not  find any  significant  relation  between V02.,.

   (ml･kg (BW)ni･min-i) and  2000 m  performance time
   (r=0,06).
       The first and  second  findings suggest  that what

   rowing  performance demands to all rowers  to be a

   successful rower  is not  relative  VOz.,. (ml･kg
   (Bw)-i･min-') but absolute  V02..  (1･min-i) and

   LBM,  We  can  suggest  that it is not  good to devote

   training time  to elevating  only  V02.,. (ml･kg
   (Bw)-i･min-i) without  resistance  training to raise

   LBM,

       Third, leg extension  power (W) was  found to

   have significant  correlation  with 2000 m  rowing  er-

   gometer performance time  (r=-O.52, p<O,OOI).

   Although peak force during competitive  rowing  are

   not  very  high when  compared  to those in other

   sports such  as  explosive  sports  or sprint sports,  the

   force must  be maintained  at a  high level for about

   200 strokes  to compete  successfu11y  over  2000 m

   (10). At racing  speed,  the force applied  to the oar

   was  measured  and  the best oarsman  developed the

   peak force varied  between 700 N  (71,43 kg) and  900

   N  (91,84 kg) (15), Our present findings are  consis-

   tent with  some  previous studies  that suggested  that

   isokinetic knee extensor  strength  have significant  cor-

   relation  with  rowing  ergometer  performance (20,
   21), And  isometric knee extension  strength  also  cor-

   related  with  rowing  ergometer  performance (28),
   Taken together  these previous results  and  its present
   data suggested  that muscular  power in the leg is an

   important factor for the success  in rowing.

      Finally, we  developed the prediction model  of

   maximal  physiological variables  and  variables  so as

   to allow  rowers  and  coaches  to predict 2000 m

   rowing  ergometer  performance time  and  to identify

   potentially talent rowers  and  to develop and  assess

   the training programs. In previous study  (26), a

   direct relationship  between placing in an  intema-

   tional championship  regatta  and  the average  V02rnax

   (1･min-i) of  a crew  has been  established  and  it was

   reported  that the average  V02.,, (1･min-i) for the

   first place was  6.11 (1･min-i) and  that for the 13th

   place was  5.10 (1･min-i). Although the power of

   prediction model  using  a explanatory  variable

   
"V02.,,

 (1･min-i)" in the present study  was  lower

   than  that in the previous study  (26), our  results  have

YOSHIGA   et al,

supported  the previous result, Although the sub-

jects in this study  were  lighter and  had lower per-
formance than  those of the previous study  (26),
we  can  clarify the anthropometric,  physiological vari-

ables  of  Japanese male  collegiate  rowers. This study
is the first study  that measured  anthropometric  and

physiological variables  on  such  a large number  of
Japanese male  rowers,  Thus, we  believe that our

study would  give necessary  information for coaches
and  rowers  to consider  which  direction they  should

select  so  as  to attain  to their each  goal.
    Russell et al, (21) measured  anthropometric,

metabolic,  and  strength  and  reported  that the model
using  only  anthropometric  variables;  sum  of  skin-

folds, height, and  BW  predict better than  the mul-

tiple model.  In this study,  we  developed two  mul-

tiple models  using  two  variables  from different
categories,  that is, from anthropometric  category  and

physiological category,  that could  more  accurately

predict 2000 m  rowing  ergometer  performance time
than  the multiple  model  using  two  variables  from
one  category.  The discrepancy between the present
study  and  Russel et al may  be that we  measured

body fat (%) and  LBM  (kg) using  the BOD  POD
while  Russel et al. (21) measured  a  skinfolds  but
did not  report  body  fat (%) or  LBM  (kg).
    Furthermore, we  developed one  multiple  linear
regression  model  using  three explanatory  variables

after  we  selected  the explanatory  variables  using

stepwise  regression  analysis, The  findings of  the

present study  suggest  that rowing  exercise  requires

both anthropometric  and  physiological variables,  es-

pecially LBM  (kg), V02... (1-min=]), and  leg ex-

tension power (W).
    Physiologically, the present finding of  the as-

sociation  between the higher V02.., (l･min-i) and

the better performance confirm  the findings of  pre-
vious  results  (27), The  relative  energy  contribution

from aerobic  metabolism  is 70-80 %  during rowing

20eO m  and  the remaining  energy  is supplied  by
anaerobic  metabolism  (27). And  the existence  of  cor-

relation  between LBM  (kg) and  2000 m  rowing  er-

gometer performance time  is reasonable  considering

that the V02.,, (1･min-i) of  rowers  was  mainly  due
to their large body dimension (24). The  finding of
the relation  between the stronger  leg extension  and

rowing  performance is expected  because high levels
of leg strength  are  necessary  to overcome  water  resis-

tance or  resistance  of  rowing  ergometer  during the
drive phase of  the stroke.  Because leg drive is an

initiator of  each  stroke,  leg strength  is required  to

maintain  power through the duratien of  the exer-

cise bout.

   In conclusion,  we  determined the effects  of
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anthropometric  and  physiological limiting factors that

predict 2000 m  rowing  ergometer  performance time

and  attempted  to develop prediction models  that

coaches  and  rowers  can  apply  for the assessment  of

their potential talent and  for constructing  successful

training programs. The  results  of  this study  sug-

gested that LBM  (kg), VO].,, (1-minJi), and  leg

extension  power (W) significantly  and  inversely cor-

related  with  2000 rn rowing  ergometer  performance
time. Thus, the findings of the current  study  sug-

gest that it is necessary  for rowers  who  want  to

become successful  rowers  to emphasize  their train-

ing program  that increases LBM,  V02.,., and  leg

extenslon  power.
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