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Comparison of VOz for buoyancy and propulsion during

swimming between male and female

Haruo Tkegamil
Takeshi Shigeeda?
Junko Kuyama3
Takeo Nomura! _
Takashi Kurokawat
Shinji Goto*

Abstract

Body fat lessens underwater body weight and may offer an advantage for swimming perfoma-
nce. The pfesent study was undertaken to measure separately VO, for buoyancy and ‘that
for propulsion during swimming in the swimmig flume and to elucidate the advantage of
lower underwater body weight in female. R ‘ ‘

Three male swimmers and three female swimmers participated ‘as’ the subjects. VO,
was measured during free style swimming at a constant speed of 0.6, 0.8 and 1.0m/sec.
Underwater weight was increased stepwisely by loading an extra-weight around the subject’s

waist or decreased by suspending a weight which pulls the waist upward via a wire and pulleies.

1 Institute of Health and Sport Science, The University of Tsukuba.

2 Chikuzen High School, Fukuoka.

3 Arima Junior High School, Kanagawa.

4 Doctoral program in Health and Sport Science, The University of Tsukuba.
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VO, at a given speed depended proportionally on the underwater weight. VO. for propulsion

was estimated by subtracting resting VO, from the intercept on the ordinate, and VO, for

buoyancy was calculated from the slope.

VO, for buoyancy was independent of swimming speed and the average value for female
swimmers was much smaller than that for male swimmers (852%+140ml/min for male, 186+
83ml/min for female). This difference in VO, for buoyancy depended largely on the
difference in underwater weight as the calculated values of VO, for buoyancy per kg of

underwater weight revealed much smaller difference between sexes (117+46ml/min for

VO, for propulsion increased exponentially with increasing speed. The increasing rate

was larger in female than in male. This is probably because of relative inferiority of

D

male, 9136ml/min for female).
2)

swimming ablity in the female group in this study.
3

The rate of propulsion VO, to total VO, during swimming was larger in female than in
male. This represents the advantage of lower underwater weight in female for swimming.
This result offers the probable explanation for the discrepancy which exists in male-female
ratio of the world records between swimming and running.

(Haruo Ikegami, Takeshi Shigeeda, Junko Kuyama, Takeo Nomura, Takashi Kurokawa and

Shinji Goto, “Comparison of v Q. for buoyancy and propulsion during swimming botween male

and female,” Jap. J. Phys. Educ., 28— 1 : 33—42, June, 1983)
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Table 1 Physical characteristics of the subjects and their best records in swimming performance.

sex age height weight
(year) (cm) (kg)

male 20.0 171.2 68.3
0.8 +1.4 i4 9

female 18.7 161.2 57 3
=+0.9 +4.0 - +£3.4

We RVOz lOOm 400m
(ke) (m{/min) :
2.97 275 5872 4723”7

+0.21 +8 +271 +6"5

1,98 223 170372 474972
+0.19 +10 = *277 +979

W tunder water weight, rVO,: restingvVO, -
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Fig. 1 Schematic drawing of the experimental instrumentation.
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Fig, 2 Schematic illustration of Asmussen’s method to estimate V(. for buoyancy

- (BVO and v O: for propulsion (pVvQ2). '
resting VQ: , Ww: underwater body weight, Wi:
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Fig. 3 Relatxonshxp between underwater welght (abscissa) and VQ: (ordinate) at the given -

swimming speed in male, -
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Fig. 4 Relationship between underwater weight (abscissa) and Vv Qs (ordmate) at the

given swimming speed in female,
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Fig. 5 Comparison of ¥ Q: per unit body weight during
swimming without additional weight loading

between male and female,
*+ 1 p<0.01
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Fig. 6 Comparison of VO per unit underwater weig-
ht during swimming without addtional wei-
ght loading between male and female.
+»:p<0.01 .
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Fig. 5 X EHEG DL RIZ It 2 BT fRE X
DD VO: ThdH, Btk bFEDEMILHE-T
BEEIEIIITHER Uiz, £ LT 0.6 V0. 8m/sec
DB ERBLETOLEBRRDEEAB D D55,
BEETRE, o, ZHICFLT 1.0m/sec D
BETRLFOEPEERLRE P oz, AULE
HWEOHBEIOWT, BAFREXDID VO
Lk E DBRE A B E Fig.6 ok b,
0.6—0. 8m/sec TIILATF-DHEBRE L L DIBEE
Tixiz <, 1.0m/sec D& FRIILFOEIBF
DRI DELLAREP-72(P<0.01),

Bh VO: 2Ek#EEOHEETARS & Fig.7 ©
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ml/min
male
600}~ -
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4oof- i

E 24
200F _ _J_ I
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Fig. 7 Comparison of v : for buoyancy between
male and femle (absolute values).
* :1p<0.05, **:p<0.01 :

Do BLAEHTRL, BTFOEBLTLVHAD
PIEREP o1z, VHHE (RPOBER) RBFH
352140ml/minCd % DIz L TLFTIiX185%
84ml/min T - 7z(P <0.01), BifzAH{kEY
DOBH vO. 1 Fig.8 TRTXS5KK, B-#&

ml/min-kg [ mate
150l female
- 100 "
50t
0

Fig. 8 Comparison of v for buoyancy per unit
underwater weight between male and female.

DOXHGE (BF : 117+46ml/kg/min, #3-: 91
+36ml/kg/min) FEICELL TWCHE # M i
BEESBED BRI 572,

WICHEE VO, 2B RES D TA 3L Fig.9

ml/min kg

qo - D male'
female

30|

205

10}

0.

0.8 . 1,0 m/sec

Fig. 9 Comparison of ¥{7Q; for propulsion per unit

body weight between male and femal
* 1p<0.05 :
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VO: ZBAKPREY D OfETh 5 & (Fig. 10),
LDBLHETEBIEECR o7

FRBIC BT 5 LMRIEAUE, REFRRIEER
87, BHv0., KUY vO: #7577 & Table 2
DX SR ot ERRFEEEEL 100 & LizHE
DHDRAOEEED vy aRITRLTH . ZH
THBEFRN VO: OBEBRILTFOFSETID
FLLAEL, BT HEHEA 1. 0m/sec DHEI
i, BF 152} L TETF: 9.2%Th b,

I/min kg
[ male
female
1.0 Fk
Ul5 ~

0 e, Y e
0,6 0.8 1,0 m/sec

Fig. 10 Comparison of y(: for propulsion per unit
underwater weight between male and femele.
* $p<0.05 =**+x:p<0.01

Table 2 Total vQ: (tVQ:), resting V.Oz (RVO:2) VO: for buoyancy (8V(Q:), and
VvV O: for propulsion (pv(Q.) in swimming. % of each component for total VQ:

was shown in parentneses.

speed TV Q: (mf/min)

(m/sec) male female male

RVQ: (m{/min)

female

PV Q: (mf/min)

female

BV Q: (mé/min)

male female male

0.6 115735 85857** 27548 223£10** 306135 197+108 576108 438::86
(100) (100) (23.8) (26.4) (23.0) (49.8) (51.0)
0.8 1589+93 1341X85*  275%8 223+10**  400£181 14963 914:+96 96965
(100) (100) (17.3) (25.1) (11.1D) (57.5) (72.%)
1.0 2291+141 2298495 275+8 223+10** 349454 211-+£56* 1667177 1864146
(100) e 2.0 (15.2) 9.2) (72.8)  (81.1)

*3: P <0.05 *+: P <0.01
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THLTFOREFOHER (R —TVH) 245L,
HHOREWVE ELTORESBETOLNIESE

LT 5(Table 3)7),

" Table 3 Cdmparison'of the world records in running and swimming between male and female,

running world records

(Jan, 1981)

distance male female male/female
400m 43786 ° 48”60 90.24
800m 1742733 1754794 90.29
1500m - 3/32703. . 375600 89.43
3000m 7732710 821712 - 89.15
5000m 13708740 15708780 86.75

—FEED 7 v = v 7O FEHE AR LT
HEELTH B &, BEMZ ST omass i 8y
EL B o TWD, T v=vrkkoMRnsE
RALNDHLOX ) BERO—-FE, KIBHL>
V=V RBWTIRKRS DR TS b Fflle gt
THHDITHLT, KRZBWTIEEDXSKK
BB RZ T EREDIDEFRIN
5o
ERICERE LN SR VWEER, 48X
HER= 2vF —DLkio TERDH, EEREDOK
BEHRBS USSR =3 v -3 bbb T
ETHD, BILIKEOREWGEGITIXEREE = 2
N F—DHEERBEL, SHEOINEIZSVTD,
1.0m/sec DXL LTIZE - TPk h 1R
WEITH B, D, BEHE=FArF 308 0E
BN/ 5, Lo TI ORIBEL
T IO TREMEESE-Twd, LAl
7o, TOMOAMEHOBETITTRIE
SEDTOREMETHD, =xX—dxLL
THEENUEbDN 2B, Lo T
Dle L ELRBL DD ZF - DRIz BT
i, SEOHKIITEZLR LD TH oo EEA
bhd,

2 £

B AROARPRELZHX LT 5, K
WITIHRISH DSV Z L AR LG L L 5T
MRD 5, ZAERKEKORIZEL LDTfEbh
5 VO: EHEEDRDIZEDLNS VO: 2 UE
L, RPGREORDPEBOKKIZENIZEDE
ErE2ThEr eV B2V THFE LI
TH D,

Bt 345, 5H6 BOWEI, HEH0.6, 0.8

swimming world records

(Aug, 1980)

distance male female male/female
100m 49744 54779 90.23
200m 1749”716 1/58"23 92.33
400m 3750749 470628 93.59
800m 7/56749 8724762 94.44
1500m - 14758727 16704749 93.13

RO 1. 0m/sec D7 v —A¥k%E4ToH, VO 2
SELTz. T ORRIEICEES D TAPRE 2 RIS
B, HHECREEEZASLUETCELSIE LTS X
S L TARFREZ RS S8, ARPEREI B
TERDEE LT 572, - VO: HEKFERETH
LT my bT5HZLERRYE - TELNSEIFER
DEHEPLEFEL 7DD VO, %, £YHTRPH
TG VO 22 LEIK 2 LI L - TEED D
D VO: ZRD,

1 FLDTRER VO R & T mEERe
»b, TOEHEIBFTOFE (3562+140ml/min)
MBELF0Fh (18683ml/min) k h AZIAT
Hote, ZOEBAKPRACAKSLEREL T
T, BfAREREY D i 5 L B0z
SEL72(BF ¢ 117=46ml/min, 43 : 91+36ml/
min),

2 JBEODIZAVSNSE VO: 1T, FKEDOH
T RE - THEESIC IR L, £ ORI
BFLOLLFOEBRTH 7288, ThidieF
DRZKRETIBBTOTN L VELEHZ LITBEHEL T
WwaEELZLBNS,

3 VO T RIHEDRDD VO, DEE
i, BFIDDIEFIEBEVTAREL, TOHLTF
DRPEED/PEINT EIIAREKIC B THEHL S
R > T3, BFoORAREFCHT LT
THhOWSRZ, BHKOBEATIIEECEEL VK
W, T OERLTFORIE DS\ T & 34k
TREMEALTCWAZ EICERTH LD EHE
z2bh3,

518 - SEX]
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