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KEYWORDS Summary This study investigated whether pacing differed between 68 male and
Elite; 35 female triathletes competing over the same ITU World Cup course. Swimming,
Triathlete; cycling and running velocities (ms~' and km h~") were measured using a global posi-
Drafting; tioning system (Garmin, UK), video analysis (Panasonic NV-MX300EG), and timing
FenTdie: system (Datasport, Switzerland). The relationship between performance in each

discipline and finishing position was determined. Speed over the first 222 m of the
swim was associated with position (r=—-0.88 in males, r=—0.97 in females, both
p<0.01) and offset from the leader, at the swim finish (r=—0.42 in males, r=—0.49
in females, both p<0.01). The latter affected which pack number was attained in
bike lap 1 (r=0.81 in males, r=0.93 in females, both p<0.01), bike finishing posi-
tion (both r=0.41, p<0.01) and overall finishing position (r=0.39 in males, r=0.47
in females, both p<0.01). Average biking speed, and both speed and pack attained
in bike laps 1 and 2, influenced finishing position less in the males (r=-0.42, —0.2
and —0.42, respectively, versus r=—0.74, —0.75, and —0.72, respectively, in the
females, all p<0.01). Average run speed correlated better with finishing position in
males (r=—0.94, p<0.01) than females (r=—0.71, p<0.001). Both sexes ran faster
over the first 993 m than most other run sections but no clear benefit of this strategy
was apparent. The extent to which the results reflect sex differences in field size
and relative ability in each discipline remains unclear.
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Introduction

The Olympic Games triathlon involves a 1.5km
swim, 40 km cycle and 10 km run completed under
- ¢ _ y ips 1 P
* Corresponding author. draft-legal’ conditions." To become eligible for
E-mail address: V.E.Vleck@wmin.ac.uk (V.E. Vleck). selection, Elites must attain a designated Interna-

1440-2440/$ — see front matter © 2007 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jsams.2007.01.006


mailto:V.E.Vleck@wmin.ac.uk
dx.doi.org/10.1016/j.jsams.2007.01.006

Triathlon pacing: Comparing the sexes

425

tional Triathlon Union (ITU) Olympic qualification
ranking, via a cumulative ‘points for places’ sys-
tem of tiered competition in which the most
commonly raced events are ITU World Cups. The
points awarded for a given race position are
adjusted according to a ‘quality of field factor’
(QFF) published by ITU (www.triathlon.org), and
are limited to athletes finishing within a set per-
centage of the winner’s time. The ability of a
given athlete to attain ranking points will be
influenced by his or her absolute performance
level in each discipline (relative both to him-
or her-self and to other competitors), and by
the extent to which he or she experiences resid-
ual fatigue from the preceding discipline(s).! The
latter is likely to be affected by how effort is
distributed within each stage.?3 Where there is lit-
tle physiological difference between competitors,*
athletes may ‘win or lose depending on their
pacing’.?

Although the Elite triathlete may draft within
the swim®8 and run sections of competition,
thereby being exposed to less metabolic demand
and being able to race at a higher speed, it is
within the cycle® ' that the formation of drafting
packs is likely to be most competitively significant.
In males, the poor cyclist who swims fast enough
not to miss, or drop off, the first or second cycle
pack may still be able to maintain a good race
position. He whose inferior swimming performance
leads him to lose the pack, or work relatively harder
to catch it, may suffer greater residual fatigue dur-
ing the run, with negative consequences for overall
performance.>

No published data exists regarding the extent to
which discipline specific pacing, and ability to form
or ‘catch’ bike packs, is associated with perfor-
mance in elite females, although sex differences in
ability to run after cycling have been shown.* This
study aimed, therefore, to determine whether sex
differences exist in how Elites complete a triathlon
and in which stages are especially important for
performance.

Methods
Subjects

Timing and race position data was obtained from
the official race timers for all 68 males and 35
females in the 2002 ITU Lausanne World Cups. Field
size was within the normal range for 2002. The sub-
jects were informed of the benefits and purposes of
the study beforehand, according to the Declaration
of Helsinki.

Procedures

Each subject was examined over the swim, bike and
run. The swim comprised a 2x 693 m non-wetsuit
course with a 20m section (here termed transition
zero or ‘TQ’) after lap 1 where the athletes left and
then re-entered the water. The pontoon was 46 m
long. The bike involved six laps of a 6.7 km circuit
(including a short hill at each lap start). The run
comprised four laps of a flat 2.5 km circuit.

Instrumentation

A video analysis system (Panasonic NV-MX300EG)
was synchronised with the official timing system
(Datasport, Zollikofen, Switzerland). Timing mats
and or cameras were situated at the swim start,
at each swim turn-around buoy (222, 496 m), the
swim exits (693 m), the end of the swim-cycle tran-
sition (T1), the start and end of the cycle-run (T2)
transition, 993 m after the end of T2, and the
end of each bike and run lap. Distances between
the timing points were measured using calibrated
ropes, a global positioning system (GPS) (Garmin E-
trex Vista, Garmin Europe, UK), measuring wheel
(Debrunner, Givisiez, art.851.236), and theodolite
(Leica TC600).3

Data collection

Elapsed time (s), position and time-gap(s) to the
next athlete(s) were determined at each stage.
Researchers with downloadable multi-lap stop-
watches (Digitimer, Leisure Systems International,
UK) also indicated athlete(s’) race numbers, stop-
watch lap number and or times to the camera(s)
as the athletes passed. They were pre-warned by
researchers at previous stages, via walkie-talkie
(Model TP329, Oregon Scientific, UK), of pack sizes,
composition, and estimated arrival times. Athletes
less than or 4s behind the next competitor were
considered to be within the same pack. Athlete
speed (ms~') for each section was calculated at
222, 496, 693 m (the swim exit), 693 plus 20m
(the swim re-entry) and at 1385m of the swim.
Speed (kmh~') was calculated for each bike lap
and between 993, 3505, 4932, 6017, 7444, 8529 and
9890 m of the run.

Statistical analysis

One-way ANOVAs (in conjunction with the Tukey
or Tamhane’s T2 posthoc test for equal or unequal
variance, respectively) were used to compare var-
ious proportions of the field for speed during,
and position at, each stage, and pack formation
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(i.e. whether differences existed in the time gaps
between successive athletes) between different
stages. Pearson’s product moment correlation was
used to determine the relationship between speed

for each stage and position. The ‘Statistics Pack-
age for the Social Sciences’ (SPSS, High Wycombe,
UK), Version 13.0, was used throughout. The 95%
confidence limit was set as the level of significance.

Table 1 Number of packs formed (followed by number of athletes involved) at various points of the Lausanne
2002 ITU World Cup triathlons
Lap Distance Males Females
S 1 222 m 1 54 1 35
496 m 1 53 4 226, 8%, 42 1
693 m 2 497, 5 4 25%, 57, 429 1
2 693+20m 2 497, 5 4 256, 5%, 4%° 1
1385m 8 94, 15, 14, 154 241% 14, 136 3 5 20%8, 17, 420 9% 1
T1 7 606, 111, 14, 14, 128 48 9 104, 44, 36, 327, 18, 418 35
627, 1
B 1 6.7km 6 400, 4°, 1517, 216, 54, 1 &2 7 104, 8%7, 47, 2™, 824, 2110, 1
2 13.4km 4 315, 16¥7, 27°, 4 6 129,928 878 1242, 222 292 1
3 20.1km 6 4450, 131, 124, 221, 17, 455 1 6 GrE, AT, 119, 459, 25, 4
4 26.8km 5 438,192, 447,216, 4 5 857, 12%, 9118, 143 433 1
5 33.5km 4 20, 42195 3% 6 4 8%, 12%, 9169 177 5
6 40.2km 4 2%, 421, 3%, 6 4 857, 324, 979, 927 ¢
T2 4 229’ 43136, 342’ 8 6 855, 16, 224’ 921’ 9222’ 6
R L1 993 m 11 216, 344 64, 16, 1125 15, 238, 16 2,3, B, 19, 19, 219 19 25,
14’ 19’ 311’ 2 410’ 58’ 16’ 36’ 2208’ 25’ 120’
281
L1 2420 m 16 355,26,16, 24 16 15, 18, 20 1@, 17, 200, 206, 7 {18 29
182’ 112’ 118’ 120’ 16’ 114, 210’ 120’ 1016’ 17’ 16, 16’ 26’ 19,
219’ 1 112’ 2170’ 133, 230’ 126’ 1
L2 3505m 20 413,136, 145, 34, 14,110, 17, 21 18, 18,221,283 17,216 118,
24’ 327’ 122’ 158’ 116, 126, 112’ 226’ 115’ 311’ 68, 27’ 111’ 112’
15, 118, 26, 110’ 135’ 1 319y 1143’ 17, 153’ 135, 245, 1
L2 4932m 21 42,18, 24, 15, 175, 4°, 15, 38, 25 113,18, 136,235, 210,27, 19,
27’ 15, 114’ 110’ 211’ 111’ 217’ 129’ 111’ 28’ 19’ 19’ 78’ 18’ 18’
146, 122, 140, 319’ 329, 1 19, 111, 116, 2111’ 18’ 181’ 136’
110’ 157, 1
L3 6017m 27 G [LCRETRA NN o A 22 119, 462, 2°, 110, 331 110, 216,
36y 27, 16, 221y 24, 113, 17’ 219y 211, 411, 115’ 321’ 114, 17’
113 16 132 224 125 136 210 180 110 1102 137 120 167 1
120: 24: 24,)141”146 ) ) ) b ) ) ) b )
L3 7444m 28 15,217, 116, 15, 24, 27, 18, 27 125, 298 11 126 117 410 411
104’ 310’ 25’ 212’ 14’ 38’ 36’ 318’ 112’ 218’ 16, 125, 39’ 311’
125’ 29, 19, 216’ 138’ 16, 15’ 115’ 16, 111, 121’ 111’ 125, 130’
136, 113, 122, 225’ 17’ 361, 146’ 111, 1129, 148’ 132’ 170’ 1
1
L4 8529 m 32 212175118 /37 16 16 13, 24 123, 253,123 110 127 220 28,
54y 44, 212, 19, 210, 15, 16, 39, 16, 322, 18, 125’ 27, 115, 421’
35’ 127’ 29’ 17’ 24’ 227’ 121 221’ 117’ 111’ 130’ 26’ 1149’ 151’
126’ 16, 115, 132’ 224’ 113’ 2,6’ 159’ 167, 1
271y 151, 1
L4 9890m 35 16,128, 17, 114,27, 14, 14,24, 29 118, 2%, 125, 48,133 217 17,

84, 14, 119, 17’ 29, 14, 17, 511,
116y 112, 14, 110’ 24, 16, 238’
114’ 143’ 110’ 17’ 111’ 38’ 140’
118’ 110’ 145, 125’ 1

38’ 114, 112, 110’ 119’ 17, 17’
111 212 19 119 229 114 18
110’ 110’ 126’ 1136’ 157’ 177’ 1

Key: B: bike, L: lap, R: run, S: swim, T1: first transition, T2: second transition. Superscripts denote time gap to next athlete in

seconds, where it exceeds or equals 4s.
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Results

Overview

Sixty three percent of the male and 91% of the
female field finished within the cut-off time (at 5%
and 8% of the winner, respectively) for awarding of
world ranking points.

Pack formation

The number of packs that formed in the two fields at
various points of the race is illustrated in Table 1.
The time gaps between successive males differed
between when they exited the water at the end of
the first and second swim laps (p <0.02), between
the end of T1 and bike lap 1 (p<0.01), between
the end of run laps 1 and 2 (p<0.02), and between
run laps 2 and 3 (p <0.05). In females, the time dif-
ferences between successive athletes did not differ
between consecutive event stages (ns).

Pack formation differed between the leading 32
males and females at both swim exits (p<0.02 and
p<0.05, respectively), at the end of T1 (p<0.05),
at the end of bike laps 1-3 (all p<0.05), and at the
end of the first, second and third run laps (p <0.05,

p<0.02, p<0.02, respectively). These ‘time-gap’
differences no longer existed in the swim and bike
when only the leading 25 athletes were compared.
They were maintained within the run section up
until nine competitors (the number in the lead
female group at the run start) were examined.

Swimming performance

Speed over the first 222m of the swim was
faster than between any other swim timing points
(all p<0.02 or less) in males (Table 2). It was
faster than between 222 and 496 m in females
(p<0.01). The males who attained the first bike
pack at the swim end swam faster over the first
222 m than those who did not (1.4140.04 versus
1.35+0.03ms~ ", p<0.01). Their average positions
at 222 m were 21+ 13 versus 40+ 11, respectively
(p<0.01). Although they also swam faster over
other swim sections, the average position of the
males who made it into the first bike pack and
those who did not only changed again (to 23+ 16
versus 52 +13, p<0.05) when they went over the
equivalent section (i.e. from the pontoon back to
the first buoy) of the second swim lap. Those who
got into the first bike pack finished the swim within

Table 2 Average speeds (ms~' for swimming and running, km h~" for cycling) and correlations of speed with overall
finishing position for the entire race field over specific stages of the Lausanne 2002 ITU World Cup triathlons

Section Speed r
Males Females Males Females
Swim 0—222m 1.39+0.01 abcdef 1.21+0.06 a —0.42" —0.49™
222—496 m 1.27 +0.00 aghij 1.19+0.01 bcd —0.44" -0.27
496—693 m 1.26 +0.00 bgklm 1.244-0.01 bde —0.38" —0.45"
(693 +20) to 1385m 1.27 +0.00 chk 1.144+0.01 ace —0.33" —0.42"
(693 +20) to 915m 1.29 +0.07 dno — —0.42" —
915—1189m 1.244-0.04 eilnp — —0.302° —
1189—1385m 1.27 +0.03 fjmop — —0.23 —
Bike Lap 1 (0—6.7 km) 37.60+0.51 35.51+0.17 fg —0.20 -0.71"
Lap 2 (6.7—13.4km) 37.88+0.41 35.714+0.15 hi —0.47" —0.74"
Lap 3 (13.4—20.1 km) 39.16 +0.16 ab 35.51+0.17 jk —0.49" -0.63"
Lap 4 (20.1—26.8 km) 38.58+0.16 cd 35.27+0.17 —0.51" -0.72"
Lap 5 (26.8—33.5km) 37.64+0.31 ace 34.87 +0.12 fhj —0.31° —0.69"
Lap 6 (33.5—40.2 km) 37.97 £0.10 bdf 34.47 +0.13 gikl —0.58" —0.63"
Run 0-993m 5.3340.03 abcdef 4.55+0.22 mnopq —0.71" —0.63"
L1 993—-2420m 5.16 +0.03 bghij 4.43+0.20rs —0.74" —0.61"
L2 2420—3505m 5.07+0.03 c 4.41+0.03 mt 0.84" —0.65"
L2 3505—4932 m 5.01+0.03 dg 4.3440.18 nu —0.82" —0.56"
L3 4932—6017m 5.00+£0.03 eh 4.35+0.03 osv —0.87" —0.66"
L3 6017—7444m 4.96 +0.03 fi 4.28+0.18 prw —0.81" —0.44"
L4 7444—8529 m 4.954+0.03 j 4.314+0.03 gx —0.83" —0.61"
L4 8529—-9890 m 5.07 £0.03 4.46 +0.03 stuvwx —0.59" —0.22

“p<0.01, 'p<0.05, letters (a—x) significantly different, within the specified triathlon discipline in the same sex, at the p<0.05

level.
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102.49 £+ 1.40% (i.e. within 13.6 +8.5s) of the best
swimmer’s time and were up to 29s behind him at
the swim end. The females who made it into the
first and second packs at the end of bike lap 1 fin-
ished the swim within 101.14% and 102.90% of (i.e.
13—33s behind), the first swim finisher.

Cycling performance

Average speed in the males, both overall and in
each pack, increased over the bike until 20.1 km
(lap 3) (Fig. 1) It then decreased until 33.5km (lap
5), and increased in the final bike lap (Fig. 1). The
difference in average speed in males who were in
packs 1 or 2 in lap 1 and those in pack 3 approached
significance (p<0.06). Those male swim finishers
who had not made it into packs 1 or 2 in lap 1
cycled faster than those who had over laps 2 and
3 (p<0.05). Between 13.4 and 20.1km the field
came together—83% of the males were in one group
by the end of lap 3 (Table 1). The first and sec-
ond males at the bike end had ‘made’ gaps of 20
and 31s, by the end of laps 5 and 6, respectively,
to the next athletes. This lead over the main pack
was maintained through T2 but decreased to 2s by
the end of run lap 1, when the maximum time gap
between consecutive athletes in the top 32 was 4s.
No males who had been in the 4th or 5th pack in
bike lap 1 continued racing after T2.

The time-gaps between the first and second
female packs at T1 end widened to 24 and 57s
after bike lap 1. These time-gaps did not subse-
quently decrease at any time within subsequent
laps—instead they moved up the field (Table 1).
Pack formation in females did not then change
between successive bike laps (ns). The females who
were in pack 3 in bike lap 1 increased speed until
20.1km but had neither attained the speeds of,
nor reached, packs 1 or 2 by the end of bike lap

45.00
43.00
=~ 41.00
|
*E 39.00
= 37.00
§ 35.00
2 33.00
@ 31.00
29.00
27.00
0

Bike lap number

Fig. 1 Speed (average +S.E. (kmh~")) over each bike
lap by pack number to which the athletes belonged in
bike lap 1: males. () First pack (n=40); () second bike
pack (n=4); (a) third bike pack (n=15); (O) fourth pack
(n=2); (X) fifth pack (n=5).

Bike lap number

Fig. 2 Speed (average &S.E. (kmh~")) over each bike
lap by pack number to which the athletes belonged in
bike lap 1: females. (#) First pack (n=10); (O) second
pack (n=8); (a) third pack (n=4); (O) fourth pack (n=2);
(X)) fifth pack (n=8).

3 (Fig. 2). They cycled slower than those who did,
over every lap (all p<0.05) except lap 2. Although
average speed tended to decline over the bike after
lap 1, the average rate of decay in cycling speed
after lap 3 did not differ between females who had
been in different packs in bike lap 1 (ns) (Fig. 2).

Running performance

Position at the bike end did not differ between
males who had been in packs 1 or 2 in lap 1, and
males who had been in pack 3 (22.7 + 14.0 versus
36.1+16.5, ns) (Fig. 1). All except one started the
run within 35s of each other. No differences were
seen between athletes who had been in the first
or second pack in bike lap 1, and those who had
attained either pack by lap 3, either in rank at
the bike end or running speed (Fig. 3, ns) but the
top 50% of finishers ran faster than the bottom 50%
over every run section (all p <0.01). Speeds over the
first 993 m were faster than over the other sections
(Table 2, all p<0.01).

5.80
5.60
% 540
= 520
43}
2
2 500
c
5 4.80

nd
4.60

4.40

0 2,000 4,000 6,000 8,000
Run distance (m)

10,000 12,000

Fig. 3 Run speed (average +S.E. (ms~')) by pack num-
ber in bike lap 1: males. (#) First pack; (CJ) second pack);
(A) third bike.
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5.30
5.10
__4%0
“n 470
E 450
§ 4.30
S 410
3.90
3.70
3.50

0 2,000 4,000 6,000 8,000
Run distance (m)

10,000 12,000

Fig. 4 Run speed (average £S.E. (ms~")) by pack num-
ber in bike lap 1: females. (¢) First pack (n=10); (O)
second pack (n=8); (A) third bike pack (n=4); (O) fourth
pack (n=2) ; (X ) fifth pack (n=8).

The females had separated out into four main
groups at the end of T2 (Fig. 4, Table 1). The top 50%
of finishers ran faster than the bottom 50% in each
individual run stage (all p<0.05) except between
6017—7024, 7024—7444, and 9536—9890 m (all ns).
The females’ running speeds were faster over the
first 993 m of the run (all p<0.01) than over all the
other measured run sections except the last 354 m
(ns) (Table 2).

Relationships between discipline specific
and overall performance

Speed over the first 222m of the swim corre-
lated with final swim and race finishing position
in males (r=-0.88 and —0.42, both p<0.01) and
females (r=—0.97 and —0.49, both p<0.01). Speed
between the first swim exit and back to the first
buoy at metre 915 of lap 2 also correlated with
eventual swim (r=-0.68, p<0.01), and race plac-
ing, in males (r=-0.42, p<0.05). No comparative
female data were available. However, the grouping
of female athletes differed between the first swim
exit and the swim end (Table 1, p<0.01).
Athletes’ offset from the fastest swimmer at the
swim finish influenced which pack they attained in
bike lap 1 (r=0.81 in males and r=0.93 in females,
both p<0.01), bike finishing position (both r=0.41,
p<0.01) and race finishing position (r=0.39 in
males and r=0.47 in females, both p<0.01). Being
in the second pack at the end of bike lap 1,
instead of the first, did not affect finishing posi-
tion (45.8+16.7 versus 26.9 +18.0 in males and
15.5+7.6 versus 9.1+8.8 in females, both ns).
Those females who made it into either packs 1 or 2
at the end of bike lap 1 attained a higher race finish-
ing position than those in packs 3 and 4 (12.6 £8.5
versus 24.5+9.1, p<0.01). The same applied for
bike lap 2, where finishing positions of 8.0+6.1

versus 16.9 +9.3, respectively (p <0.05) were seen.
Finishing position did not differ between males who
were in packs 1 or 2 in bike laps 1 or 2 and males
who had only made it there by lap 3 (23.0+14.3
versus 28.6 +14.9, ns).

Speed over bike lap 1 (Figs. 1 and 2) was impor-
tant for overall performance in females (r=—-0.71,
p<0.01) but not males (r=-0.20, ns) (Table 2).
Bike speeds over the second and last bike lap were
more important for overall finishing position in
females (Table 2). Average bike speed correlated
more strongly with finishing position in females than
males (r=—0.74 versus —0.42, both p<0.01).

T2 time correlated better with finishing posi-
tion in females than males (r=-0.81 and —0.57,
respectively, both p<0.01). Finishing position
correlated better with running speed in males
(r=—0.94, p<0.01) than females (r=-0.61,
p<0.01). Although the males ran fastest over the
first 993 m of the run (p <0.01) the strength of the
correlation between running speed and finishing
position for this section (r=-0.71, p<0.01) was
not markedly different from that seen for various
other sections (Table 2). In females, the correlation
between speed over the first 993 m of the run and
finishing position was, at —0.62 (p<0.01), similar
to those for several other run sections where
they ran slower (Table 2). Running speed between
the last 8529 and 9890m correlated better with
finishing position in males (r=—0.59, p<0.01) than
females (r=-0.22, p<0.05).

Discussion

This study investigated whether sex differences
existed in pacing during, and the importance for
overall finishing position of performance in, spe-
cific sections of an ITU World Cup competition. We
extended our finding that speed over the first stage
of a non-wetsuit swim is important for performance
in males? to females, and obtained data to suggest
that speed back to the first buoy in the second lap
of a two lap swim may also affect race performance
in males. The extent to which level of adjustment
to TO can affect performance over swim lap 2,01
remains to be seen.

Our results indicated that bike performance may
be more important for overall race performance in
elite females than elite males. Although data was
not obtained for this section in isolation, examina-
tion of the race videos suggested that the critical
point at which fragmentation of the bike field
occurred was within one kilometre of T1 (agreeing
with Ackland, 2001),'2 over a hill of 10—15% gradi-
ent. This point is supported by SRM data obtained
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from two Olympic Squads over the Lausanne 2005
course (Burgi and Vleck, unpublished data). Dif-
ferences between the sexes in average speed and
number of riders in each bike group (Figs. 1 and 2,
Table 1), may also have meant that females experi-
enced less of the potential benefits of drafting? (i.e.
less decrease in drag, and less ‘energy saving’) over
the bike,3~15 than males.

Our data (Table 1) suggested that females do
not tend to ‘bridge gaps’ in the cycle section. The
decline in bike speed that they exhibited over suc-
cessive sections of the course (Fig. 2), regardless
of pack number, is interesting. Anecdotal evidence
(Fernandes and Santos, Portuguese Triathlon Fed-
eration, personal communications, 2006) suggests
that this pacing is characteristic of elite females but
we do not know whether it is deliberate or reflects
fatigue.’ 2.1 Although females in packs 3 and 4 in
lap 3 cycled faster until lap 3, presumably attempt-
ing to bridge the gap to packs 1 and 2, all four packs
experienced similar rates of decay in speed over the
rest of the bike (Fig. 2). Without obtaining details
of the ‘performance power’3'7 of the athletes in
each group (via heart rate and SRM data and or
visual analogue scales of perceived exertion admin-
istered immediately post-race), it is not clear what
effect the pack a female athlete was in had on her
fatigue levels at the run start.? 68 Nor do we know
the extent to which their swimming performance
affected the ability of the stronger female cyclists
to be in the leading bike pack, and thus the relative
advantage that was perceived by a following pack
in attempting to reach it.

However, in line with Millet and Bentley (2004)’s
suggestion,* that ‘female athletes who have the
capacity to limit the negative effects of intensive
cycling may have a better advantage than other
athletes,’ the females narrowed the sum of time
gaps between successive athletes after T2 from
that which existed between the last two bike laps
(Table 1). The premise that the stronger female
cyclist may be relatively more at a competitive
advantage than the male has clear training impli-
cations. This is particularly so as speed over the
remaining run did not then appear to influence
overall performance in females as much as in males
(Table 2). Whether this applies to ITU World Cups
in general (where the males are not necessarily all
entering T2 at similar times) should be investigated.

Little has been published regarding optimal pac-
ing strategy over the run section of ITU World Cups.
Given the importance of this part of the race for
the overall result, particularly in males, it is worth-
while noting that most athletes ran faster over the
first 993 m than most other run sections (Table 2,
Figs. 3 and 4). This echoed results obtained for both

sexes in the Lausanne 2001 World Cup triathlons
(Burgi and Vleck, unpublished data), but no clear
benefit of this strategy for finishing position was
evidenced (Table 2). Whether maintaining a more
even pace, or use of a negative split strategy, over
the duration of the run,® might be preferable, is
worth investigating.

It remains to be seen to what extent differences
between elite males and females competing over
the same course in both pacing, and in the rela-
tive importance of performance in each discipline
for overall placing, reflect different relative swim-
ming, TO, T1, cycling, T2 and running abilities. The
extent to which such findings hold as field compo-
sition (as expressed by QFF or the world rankings
of the athletes) changes between races also war-
rants attention. Anecdotal evidence (Blirgi, Swiss
Olympic, 2005, personal communication) suggests
that only the top 15 male and female athletes in
the rankings may be equivalent in terms of relative
ability in each discipline. We question the extent to
which the changes in field composition that occur
between races affect spacing at the swim end and
pack formation in bike lap 1,'2 and thus the rela-
tive importance of performance in each discipline
for race finishing position, in the two sexes.

The extent to which the athletes are ‘spaced’
at the swim end will influence the number who
may then form a bike ‘draft pack’?0:2" and the
work required by each to reach the leading pack(s).
This will affect the number who can attain the
group—since the power required of each will be
successively higher up to an individual metabolic
limit.22 How many athletes are in the group will
then influence both average speed of, and the
energy savings experienced by athletes within,
said group.? '3 This may then affect the level of
fatigue'23 experienced at the run start and the
number of competitors who will finish within the
cut-off time for ranking points. Whether elite males
are more similar to each other in biking ability
than elite females, and whether this makes the
influence of spacing at the swim end on pack for-
mation greater in males, is of great interest. The
(generally) smaller field sizes in female ITU World
Cups may compound any negative effects that dif-
ferences that they exhibit from males in relative
swimming, cycling and running ability are having
on their ability to benefit from drafting. If females
are also relatively weaker in terms of power/weight
ratio (and ability to ‘climb’)' they may be further
disadvantaged relative to the males by the locating
of hills within kilometer one of the bike course. 2426

Of additional interest is the fact that in this spe-
cific race, whether a male athlete was in the first,
second or third bike pack at the end of bike lap
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1, did not appear to significantly affect his later
running performance (Fig. 3). This result may be
related to whether or not the best cyclists in the
field were all in the top group at the swim end
(Blirgi, Swiss Olympic, 2005, personal communica-
tion) or, rather, had to ‘come from behind.’

Conclusion

Our results, although they need to be confirmed by
further competition analysis, suggest that the elite
females with better swimming and cycling ability
than the rest of the field may incur a relatively
greater competitive advantage at the run start than
occurs in elite male competition. The (normally)
smaller field size, lower field density, and lower
racing speeds, of females in ITU World Cup compe-
titions may additionally disadvantage them relative
to males in both their possibilities to draft and the
drafting distance that they are likely to achieve
to the next competitor. Although the ITU adjusts
the number of ranking points that are awarded for
a particular finishing position in ITU World Cups
according to which competitors are racing, it is not
clear whether the combination of the current ‘QFF’
and ‘cut-off point’ system fully accounts for differ-
ences either in field size or in relative swimming,
cycling and running ability that might exist within
or between the sexes. Nor is sufficient data yet
available for an athlete to use knowledge of the
‘start-list’, and both inter- and intra-athlete vari-
ability in performance?’ to anticipate where/when
packs might form on the course?? and thus "how
best to pace.’

Practical implications

Performance in Elite triathlon might be max-
imised through

e training to swim fast up to, and maintaining a
steady pace after, the first buoy of each swim
lap.

e relatively more focus on development of
cycling ability in females than is generally
required in males.

e use of a more even run pacing strategy.
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