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Abstract The metabolic and drag responses, together
with the distance between the draftee and the leader,
were studied in six female triathletes swimming behind a
lead swimmer who used either a two- or a six-beat kick,
at an average velocity of 1.24 m - s™' (range 1.20-1.31).
Drag was measured by passive towing. Oxygen con-
sumption [49.1 (3.8) versus 50.4 (5.0) ml - min~"' - kg™'],
blood lactate [6.7 (2.3) versus 6.8 (1.9) mM], heart rate
[172 (13.6) versus 173.5 (12.5) beats - min~!), rating of
perceived exertion [13.7 (1.2) versus 13.5 (1.0)], stroke
rate [38.3 (1.5) versus 39.5 (1.4) cycle - min—!], stroke
length [1.95 (0.09) versus 1.89 (0.15) m - cycle™'] were
not statistically different between the two-beat and the
six-beat kick situations. The energy cost of swimming
per unit of distance [0.65 (0.06) versus 0.67 (0.08) ml
0, -m'] and the passive drag were similar for both
kicks. The distance separating the draftee from the lead
swimmer was between 14 cm and 85cm and was
inversely correlated with passive drag: r= —-0.82,
P < 0.05, for the two-beat kick and r=-0.82,
P < 0.05, for the six-beat kick. The higher the passive
drag, the closer the hand of the draftee to the feet of the
lead swimmer. It was of no more benefit to triathletes to
draft behind a two-beat kick swimmer than behind a six-
beat kick swimmer.
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Introduction

Drafting while swimming front crawl, i.e. swimming
directly behind another swimmer, is mainly used in tri-
athlon or open-water races. Drafting allows the swim-
mer to devote more energy to propulsion and gain time
when swimming at maximum speed (Chatard et al.
1998) or to save energy for the cycling and running
events that follow (Bassett et al. 1991; Kreider et al.
1988; Sleivert and Rowlands 1996).

In submaximal conditions, at 95% of a maximum
speed over a 549-m swim, Bassett et al. (1991) showed
that drafting affects the metabolic response to swim-
ming. It reduces oxygen consumption by 10%, blood
lactate concentration by 31% and the rate of perceived
exertion by 21%, but it does not affect the distance per
stroke. In maximal conditions, the lower-body drag
forces encountered by male swimmers, and measured by
passive towing, are responsible for the observed meta-
bolic changes (Chatard et al. 1998). These forces are 13—
26% lower than those for the lead swimmer, depending
on the velocity of the triathletes.

As elite front crawl swimmers, triathletes can use two
kick rhythms (two- or six-beat) during the swim part of a
triathlon. Thus, when drafting, they may follow a lead
subject swimming with either a two- or a six-beat kick.
A six-beat kick creates lots of bubbles and turbulence,
making drafting more difficult than when following a
two-beat kick. Indeed, a six-beat kick can induce a visual
and arm-sweep handicap for the draftee. However, it is
unknown whether the draftee derives more benefit from
following a two-beat kick swimmer than a six-beat kick
swimmer. In addition, little is known about the distance
chosen by the draftee for following the lead swimmer. In
other sports such as cycling (Kyle 1979a, 1979b; Olds
1998; Olds et al. 1995), speed skating (Van Ingen
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Schenau 1982), running (Pugh 1971), and cross-country
skiing (Spring et al. 1988), this distance has been shown
to be a determinant factor in drafting. The smaller the
distance, the lower the drag and the energy expenditure.

Thus, this study was primarily undertaken to inves-
tigate the effects of the kick rhythm (two-beat versus six-
beat kick) of a lead swimmer on the metabolic responses
of a group of female triathletes performing a 400-m
swim at 95% of their maximum 400-m velocity. Also,
this study wished to determine if a visual, or arm-sweep
handicap translates into a higher oxygen uptake. This
study also evaluated the passive body drag of the tri-
athletes in the two drafting situations and determined
whether or not more turbulence increases drag. Finally,
the present study investigated the distance at which the
draftee chose to follow the lead swimmer.

Methods

Subjects

Six female triathletes (three seniors and three juniors) were studied
(Table 1). They were all members of the French national triathlon
team. All the subjects volunteered for the study and signed an
informed consent form. The project was approved by the Univer-
sity Committee on Human Research. Measurements were made for
the whole group over a 4-day period.

Anthropometric measurements

Height and body mass were measured. Body fat content was esti-
mated from skinfold thickness, expressed in mm, at four sites (bi-
ceps, triceps, sub-scapula, and supra-iliac) on the right side of the
body, measured with Holtain calipers, as described by Durnin and
Rahaman (1967). An average of three independent measurements
was taken for each fold. If the second measurement was not within
5% of the first, further measurements were taken until two mea-
surements were within 5% of each other. Buoyancy was evaluated
by measuring hydrostatic lift (HL — Chatard et al. 1990a). This is
the force that enables swimmers, with forced inspiration, to float. It
was measured at the end of a maximum inhalation when the lungs
were full of air and when the subjects were floating, in the foetal
position, facing downwards. A lead mass (0.1-1 kg) was placed on
the swimmers’ back, between the shoulder blades. The load
required to keep the subject just under the water was recorded as

HL. This method has previously been shown to be very reliable
(r=0.98 for eight swimmers) and easy to use (Chatard et al.
1990b, 1995).

Velocity of the 400-m swims

All tests were conducted in an indoor 50-m swimming pool with a
water temperature of 26-26.5 °C. Each swimmer had swum 400 m
in an official competition the month preceding the experiment.
Their overall time was used to calculate the maximum swimming
velocity in m - s™'. During the experiment, swimmers performed a
submaximal 400-m swim at 95% of their maximum 400-m com-
petition velocity and were studied in two different drafting situa-
tions. They drafted directly behind a male competitive swimmer
swimming in the same lane. The lead swimmer used either a two- or
a six-beat kick rhythm, randomized for each swimmer. The pace of
the lead swimmer was set by an observer walking along the side of
the pool at the required constant speed, controlled with split times
every 8.33 m. The same lead swimmer was used for all the triath-
letes. Whatever the pace, the draftee was instructed to be as close as
possible to the lead swimmer. The two trials were performed at the
same time of day, with a 3-day interval between them, after a
15-min warm up, starting in the water, without diving.

Expired gas analysis

During swimming, the triathletes were free of equipment. Oxygen
uptake, | - min~', was measured from the expired air collected over
20 s after completion of the 400-m front crawl swims, as described
by di Prampero et al. (1976) and used in previous studies in
swimming (Chatard et al. 1995; Costill et al. 1985; Montpetit et al.
1988). Expired gases were collected in a Douglas bag using a
Daniels breathing valve. The time between the end of the trial and
the beginning of the expired gas collection was as short as possible
and never longer than 2 s. Oxygen and carbon dioxide contents
were determined using Beckman OM 11 and LB 2 gas analysers
(Fullerton, USA) calibrated with gases of known concentrations.
Volumes were measured using a Tissot spirometer (Tecmachine
Gymrol, Andrezieux-Boutheon, France). This method has been
found to be valid [r=0.97, standard error of estimate, SEE,
0.238 1 - min™'] when tested on 20 swimmers (Chatard et al. 1990b)
and reliable (reliability coefficient: 0.92-0.97), (Costill et al. 1985;
Montpetit et al. 1988).

Post-exercise blood lactate concentration
Blood samples (40 pl) were taken from the fingertips of the swim-

mers 1 min and 3 min after the 400-m swim. Lactate concentra-
tions were measured by the electroenzymatic method with a lactate

Table 1 Main characteristics of the six female triathletes, tethered (7'S) and lead (LS) swimmers. (HL Hydrostatic lift, ST skinfold

thickness, sum of four sites)

Subject Age Mass Height HL ST Training characteristics
(year) (kg) (cm) (N) (cm)

Swimming Cycling Running Duration
(km - week™') (km - week™") (km - week™") (h - week™")

1 20 57.4 164 1.4 29 15 200 40 16

2 25 60.1 170 2.7 39 15 250 50 18

3 30 64.0 165 2.8 38 15 350 60 23

4 27 63.0 168 1.3 29 16 300 50 20

5 18 52.3 173 1.6 30 13 150 35 13

6 20 59.9 167 2.5 30 15 200 30 13

Mean 233 59.5 167.8 2.1 32.5 14.8 242 442 17.2

SD 4.7 4.2 3.3 0.7 4.7 1.0 74 11.1 4.0

TS 23 64.3 170 1.6 23 16 250 40 18

LS 23 77.6 184 2.2 31.8 16 250 40 18




analyser (Cetric, Toulouse, France). The highest of the two (1 and
3 min) concentrations was recorded.

Energy cost of swimming

The energy cost of swimming (ml O, - kg™ - m™!) was calculated
from the ratio of the overall metabolic power output, expressed in
ml O,-kg™'-s7!, to the speed in m-s~'. In turn, the overall
metabolic power was obtained from the sum of the O, consump-
tion above resting (assumed equal to 4 ml O, - kg™ - min™") and
the rate of the anaerobic energy release. This was assumed to be
proportional to the rate of blood lactate accumulation per unit of
time, on the basis of an energy equivalent of 3 ml O, - kg™' - mM ™"
(di Prampero 1981; di Prampero and Ferretti 1999).

Heart rate

Heart rate was measured by telemetry during the 400-m swim using
a waterproof monitor taped over the chest which sent the data to a
wrist watch receiver (Polar 4000, Sport Tester, Kempele, Finland).
Data were not obtained for 4 of the 12 measurements.

Rating of perceived exertion (RPE)

After each trial, subjects were asked to rate how tired they felt using
the Borg scale (Borg 1970).

Stroke rate and stroke length

During the 400-m swim, the stroke rate, expressed as the number of
complete arm cycles per minute, was measured on three complete
stroke cycles with a frequency meter, three times for each 50 m, and
the mean value was recorded. The stroke length was calculated by
dividing the mean velocity of the whole swim by the stroke rate.

Hand distance of the draftee from the feet of the lead swimmer

The smallest distance separating the hand of the draftee from the
feet of the lead swimmer was measured using a video-camera,
placed behind a porthole below the water surface. A yardstick was
used as a reference for distance measurement and was placed on the
bottom of the pool at a depth of 1.2 m. Two measurements were
performed for each 50 m, and the mean value was recorded.

Measurement of passive drag

Passive drag was measured using a mechanical winch and a strain
gauge with a load cell connected to a strain bridge, Cétim,

467

Saint-Etienne, France (Chatard et al. 1990a, 1990b, 1995, 1998).
The digital signal was stored and analysed on a personal computer
(386 type). The subjects were towed over 20 m, in a prone position
with their arms extended above their head, alone in a non-drafting
position and in the two drafting positions (Chatard et al. 1998).
The triathlete was directly behind another tethered subject (TS)
who used either a two- or a six-beat kick. None of the subjects used
a pull buoy for all the measurements. Although TS was not per-
forming any arm strokes, TS was asked to set a kick rhythm as
close as possible to that of a normal two- or six-beat swim. The
strain gauge was close to the feet of the TS, attached with a rope to
a belt around the waist of the TS. The distance between the hand of
the draftee and the feet of the lead swimmer was set at 50 cm.
During the measurements, the subjects held their breath after a
maximum inspiration. The TS held on to a flexible steel cable while
being dragged towards the apparatus. A roller fixed in the wall of
the pool held the cable horizontal during towing. The same TS was
used for all the drag measurements. Before each experiment, the
linearity of the strain gauge was tested between 0 and 98.1 N.
A total of 72 measurements were made, 35 with the two-beat kick
and 37 with the six-beat kick. Each triathlete performed the test five
to eight times at various velocities, from 1 to 1.7 m-s~'. The
passive drag at 1.24 m - s™', the average velocity of the 400-m
swims, was calculated for each swimmer from the regression line of
the relationship between passive drag and velocity.

Statistical analysis

Means and standard deviations were calculated for all variables.
Student’s z-test was used for pairwise comparisons of responses
measured in the two drafting conditions. Passive drag was analysed
using a two-way ANOVA (SuperAnova, Abacus Concepts, 1989),
with repeated measures on the second factor (two-beat, six-beat
kick). Correlation coeflicients were calculated for the whole group,
using Stat View 512+ (Abacus Concepts, 1996) and Cricket
Graph. A P value of 0.05 was regarded as significant.

Results

The main characteristics of the six female triathletes,
tethered and lead subjects are presented in Table 1. Data
for the selected responses to the two drafting situations
(lead subject swimming with a two- or a six-beat kick) are
reported in Table 2. (oxygen consumption [49.1 (3.8)
versus 50.4 (5.0) ml - min~' - kg™'], blood lactate [6.7
(2.3) versus 6.8 (1.9) mM], heart rate [172 (13.6) versus
173.5 (12.5) beats - min™"), RPE [13.7 (1.2) versus 13.5
(1.0)], stroke rate [38.3 (1.5) versus 39.5 (1.4) cycle -

Table 2 Selected variables measured during and after the 400-m swims at 95% of the maximum 400-m velocity behind a lead swimmer
kicking with either a 2-beat (2B) or 6-beat (6B) rhythm. (/La] Blood lactate concentration, HR heart rate, RPE rating of perceived

exertion]
Subject  Velocity O, consumption [La] HR RPE Stroke rate Stroke length Hand distance
(m-s7h (ml - kg™' - min™") (mmol-1"") (beats - min~") (cycle - min™") (m - cycle™!)  (cm)
2B 6B 2B 6B 2B 6B 2B 6B 2B 6B 2B 6B 2B 6B 2B 6B
1 1.20  1.18 51.5 48.3 4.8 57 180 174 14 15 38.6 40.1 1.86 1.76 140 393
2 1.28 129 50.3 49.2 8.8 8.3 13 13 394 387 195 2.0 73.0 721
3 .20 1.20 425 50.4 43 69 160 164 12 14 357 385 201 1.87 739  56.5
4 1.26 126 51.3 59.6 5.8 49 16l 165 15 13 373 403 2.02 1.88 66.4 653
5 1.20  1.18 46.7 44.7 6.3 5.1 15 14 398 415 1.82 1.7 61.0 765
6 1.31 1.32 524 50.1 10.1 9.7 187 191 13 12 388 37.6 2.03 211 854 504
Mean 1.24 1.24 49.1 50.4 6.7 6.8 172 1735 13.7 13.5 383 395 195 1.89 62.3 60
SD 0.05  0.06 3.8 5.0 2.3 1.9 13.6 125 1.2 1.0 1.5 14 0.09 0.15 25 14
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min~'], stroke length [1.95 (0.09) versus 1.89 (0.15) m -
cycle™'], and hand distance [62.3 (25) cm versus 60.0
(14) cm] were not statistically different between the two-
and the six-beat kick situations. Moreover, the energy cost
of swimming [0.65 (0.06) versus 0.67 (0.08) ml O, - m™']
was not different between the two situations.

HL was correlated with the skinfold thickness
(r=0.82, P < 0.05). No correlations were found
between the passive drag and any anthropometrical
variables. Passive drag was similar for the two-beat and
six-beat kick situations (Fig. 1). The passive drag behind
a two- and six-beat kick was lower than in the non-
drafting situation (P < 0.05) and the relative difference
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Fig. 1 Relationship between the distance separating the draftee and
the lead swimmer and the passive drag measured during drafting a
two-beat (@) and a six-beat kick () at a 1.24 m - s™' velocity (mean
velocity of the 400-m swims)

was divided on average in half with increasing velocity
(20.1% at 1.1 m-s™'; 14.1% at 1.4 m s~ and 11.4%
at 1.7 m-s™).

The distance between the draftee’s hand and the feet
of the lead swimmer was 14cm to 85cm. At
1.24 m - s™', the average velocity of the 400-m swims,
the hand distance was negatively correlated with the
passive drag (Fig. 2) calculated for each swimmer from
the regression line of the relationship between passive
drag and velocity either in the two-beat (r = —0.82,
P < 0.05) or six-beat kick situation (r=-0.82,
P < 0.05). The higher the passive drag, the closer the
hand of the draftee to the feet of the lead swimmer.

Discussion

The main findings of the study are that:

1. The kick rhythm of the lead swimmer did not influ-
ence the metabolic and drag responses of the draft
swimmer.

2. The mean distance at which the draftee followed the
lead swimmer was close to 60 cm and depended on
the passive drag measured during passive towing. The
higher the passive drag the closer the hand of the
draftee to the feet of the lead swimmer.

Kick rhythms and metabolic responses

The effect of drafting has been much studied in sports
like cycling (Kyle 1979b; Olds 1998; Olds et al. 1995),
kayaking (Gray et al. 1995), running (Kyle 1979a,
1979b; Pugh 1971), roller skating (Rundell 1996), cross-
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country skiing (Bilodeau et al. 1994, 1995), and speed
skating (Rundell 1996; Van Ingen Schenau 1982). These
studies investigated factors that affect the metabolic re-
sponse of the draftee either in submaximal or maximal
exercise conditions. The factors studied were anthropo-
metric factors such as projected frontal area (Bilodeau
et al. 1994, 1995), body mass (Rundell 1996), the num-
ber of leaders, group or individuals (Kyle 1979b;
McCole et al. 1990) and the distance separating the
draftee from the leader (Kyle 1979a, 1979b; Olds 1998;
Olds et al. 1995; Pugh 1971; Spring et al. 1988; Van
Ingen Schenau 1982).

In swimming, only two studies have investigated the
effect of drafting (Bassett et al. 1991; Chatard et al.
1998). The factors affecting the metabolic response of
the draftee are their velocity and body fat content
(Chatard et al. 1998). Faster and leaner subjects have
larger gains in performance than slower and fatter sub-
jects (Chatard et al. 1998). An explanation could be that
faster triathletes are better swimmers than their coun-
terparts and, thus, could benefit more from the drafting
situation because of their better swimming ability. This
observation could be put in relation with that of Rundell
(1996), who indicated that some speed skaters are more
effective draftees than others. The higher gain in per-
formance observed for leaner subjects is consistent with
the drag variations. Indeed, swimmers with a greater
skinfold thickness tend naturally to adopt a more hori-
zontal position because of a better floating position and
thus have a lower body drag than leaner subjects
(Zamparo et al. 1996).

In the present study, we found that there was no more
advantage for a draftee to follow a triathlete swimming
with a two-beat than with a six-beat kick. Indeed, the
energy cost of swimming and the metabolic responses of
the draft swimmers were nearly identical in both situa-
tions and were unaffected by the kick pattern of a
leading swimmer.

Kick rhythms and drag

The difference between the non-drafting and the two-
and six-beat kick situations (11% to 20% reduction in
drag) is the same as found in a previous study, where
drafting behind an immobile leading male swimmer re-
duced drag by 13 to 26% depending on velocity (Cha-
tard et al. 1998). This is similar to the 16% to 23%
reduction in drag calculated by Van Ingen Schenau
(1982), and to the 25% reduction measured by Spring
et al. (1988) for speed skaters.

In swimming, drag is determined by the pressure
drag, friction drag and wave-making resistance (for re-
views, see Clarys 1979; Toussaint 1992). Questions
about which of these components are modified by
drafting and whether the passive drag values reported
significantly reflect the active situation remain to be
determined. Indeed, in the present study, the three dif-
ferent drag components and the active drag were not
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measured. The active drag might be markedly different
in the two kick situations since the draftees actively swim
in water characterized by different turbulence.

In passive towing the subject did not use a buoy as
the lead swimmer could not kick with it. At a low speed,
the feet probably did not float. It was therefore difficult
to generalize the measured effects to the actual swim-
ming situation, where a more horizontal body position is
probably adopted. A small variation in the head position
could also explain variations in drag (Miyashita and
Tsunoda 1978). However, although some swimmers
complain about the six-beat conditions, they did not
report having a modified head position.

The lack of difference between the two-kick situations
was unexpected. The two-beat kick is used mainly to
keep the legs near the surface, and the leg muscles are
not working as hard as they do in a six-beat kick
rhythm. A six-beat kick creates more turbulence and is
thought to induce a visual and arm-sweep handicap for
the draftee (Maglischo 1982) and increase passive drag.

Some swimmers complained about the bubbles and
turbulence when following a six-beat kick swimmer.
They indicated that they had difficulty maintaining a
close contact with the lead swimmer. However, although
the regression line of the passive drag measured in the
two-beat kick situation was always below the regression
line of the passive drag measured in the six-beat kick
situation (Fig. 1), there was no statistical difference in
passive drag.

The measurement of passive drag and the metabolic
variables were obtained in two separate sessions with
two different leaders. To the best of our knowledge, no
study has yet examined if the body shape of the leading
swimmer influences the metabolic responses of a draftee.
Since the purpose of this study was to examine the kick
rhythm effects on the metabolic responses, the lead
swimmer had a kick rhythm that creates most of the
turbulence encountered by the draftee. However, an
influence of the lead swimmer’s body shape could not be
ruled out.

Distance chosen by the draft swimmer
for following the lead swimmer

An important finding of this study concerns the distance
spontaneously chosen by the draftee in following the
lead swimmer. This distance differed greatly between
swimmers (minimum 14 cm, maximum 85 cm). It was
similar for the two drafting situations but depended on
the body drag of the triathletes. The higher the passive
drag, the closer the hand of the draftee to the feet of the
lead swimmer.

Some studies have shown that passive drag depends
mainly on body shape (Van Tilborgh et al. 1983), taller
and leaner subjects having higher passive drag. It also
depends on practice level, elite swimmers having lower
passive drag than poor swimmers (Chatard et al. 1990a,
1990b; Van Manen and Rijken 1975). The reason why
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taller, leaner, and/or poor swimmers tend to swim closer
to the lead swimmer than other swimmers is unclear. It is
possible that these swimmers gain more from this situa-
tion. Indeed, some studies have shown that drag and
energy expenditure are dependent on the distance sepa-
rating the draftee from the leader. The smaller the dis-
tance, the lower the drag and the energy expenditure.
Kyle (1979b) reported that the reduction of wind resis-
tance falls from 44% at a wheel gap of 0 m, to 27% at a
wheel gap of 2 m when drafting another cyclist. Reducing
the wheel gap from 30 cm to 15 cm between cyclists of a
four-man 4000-m pursuit team reduces wind resistance
and saves 1.5-2 s over the 4000 m. In speed skating, the
drag reduction was 16% at 2 m and 23% at 1 m between
skaters (Spring et al. 1988). In roller skaters, drag re-
duction was 12% at 1 m and 3% at 2.5-3 m between
skaters (Spring et al. 1988). There may be another reason
for this, which involves drafting technique. Some athletes
are better draftees than others (Rundell 1996) and have
developed the ability to adjust the distance and draft ef-
ficiently. However, this study did not clearly demonstrate
that faster swimmers follow the lead swimmer at a dif-
ferent distance than do slower swimmers. The number of
subjects studied and the range of swimming velocities
tested were too low to draw definitive conclusions.

Conclusion

There was no more benefit to triathletes to draft behind
a two-beat kick swimmer than behind a six-beat kick
swimmer. Metabolic and drag responses were not af-
fected by the two conditions. This study also showed
that the distance at which the draftee chose to follow the
lead swimmer was related to the passive drag. The higher
the passive drag, the closer the hand of the draftee to the
feet of the lead swimmer. Further experiments are nec-
essary to investigate whether adjusting this distance
improves drafting efficiency.
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