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Abstract
\ \  e  e ramikr l  rhc  in l lucn

o |duath ]u l ( rL rn .h ikc . ru r l ) ( !n l I ! . l i | i on5

u s e d t o i d e n t i f r u l n 1 u c r a r r ' s a n r l p c r 1 . o r m a n c e p l t e l r s a m o n g r a c e s . E l h a l r : e d o r r r t 1 u r r r l p c r h n l u t e i n r | r e o r e r a r a c e a l d

nrd i r  ua l  ra rc  s .gn , . r ts  s  th ,  n

. lh1d.s . ] l | r i i l gLh( j t !C l ]s 'R l ' s t | | ssu3gen lh ! t ra r j . t

nols of per ior akc. Rfsu rs l;,,m rhis srud! offer a scientific basi-. fot race directors ard organizr:rs to derelop u range of duarhlon
course-. that rar signllicartL rnhanr!r nlu,r- peflbfmuce.

Introduction

The Pacif ic \orthlcst rcgion of the Llnited States
ancl Canada has seen an increase in mult i-sport
compeli t ions from thc latc-1980's unti l  the pres-
ent. Duathlon. the most recent addit ion. providcs
r ner,t  alternative for rrruhi-sport cnthusiasts look
ing frrr a urmplcmcnt to the tdathlon (swim-bile-

run event). The sport tvpical lv has lhrce scparatc
segmenls. Lrsual lv in orclcr ol running. bicvcl ing.
ancl running rvith no rest periods bdrrccn cach seg-
nrcnt. Tbc most comrnon and popular race has
been the 5km run. i l0km bicvrlc. and 5km run
intelnational duathlon (Craham 1990; \ewlirk
r  989) .

Although thcrc is a paucitv of research on du-
athlons. eranl ination of the sr, ' i rn. bicvclc. and run
scgrncnts of the tr iathlon is uselul 1() doathlon
researchers. Ret:cnt sturl ics havc cmphasized the
phvsiological (Kohrt et al.  1987; Kreicler er al.
19BB; Loit in et al.  19Bg) and mcdical (Hi l lcr er
al.  19117; I l i l lcr l9B9) aspccts ofthe tr iathlon. Tri
athlon perfonnance ha-s been correlated with
\0r,,", .  Lhe rrarimum lolume of oxvgen an in-
cl ividual can use (uptake) (Kohrt et ol.  1987:
Kreir lcr et ol.  l9BB; Lol i in er a1. l9BB). and cardi-
ovascular/thermal r-eslxrnses (Krcidcr et ul. 19BB).
Koh er .r1. (1987) {ound that VOz-.* was signi l i -
cantlv rclated to bic_"-cling and rurning ferfor-
rnance in a tr ialhlele. Hi l ler et o/.  (1987) examincd
rnedical rcurrds lor tri:rthions of various length-s
and lbund the most cornmon rnccl ical problems to
bc clchvclration and heat e)ihau-rtion.
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The effects of r,cathcl on performance in fun-
onh' events is much betler underslood (Costill
1972; Pugh 197.1; Dar. ies 1980; Engiand et al.
1982). Both Pugh (19721) and Davirs (1980) ex
an;ned lhc effctts of lind resistance on rurners
and ibund there is an irl:rease in orygrn uptakc
(i.e. increasing stress) bv athlertcs running in mid,
dle distancc track cvcnts t'ith increasing uind
speed. Cross \\,inds nere also resJronsiblc for al:
lect ing pcrfcrrmance in some middle drstance run-
ners (Davies l9{}0). Heat crhaustion and heat
slrokc arc commonlv encountered problerns arnong
competitors during high temperature and humid-
i tv condit;ons. as this combinntion tends to impair
evaporativc cool inEl.

ln an analvsis of the physiologl of marrthon
runncrs, Costi l l  (1972) suggested that env;ronment
ancl course Lopographv mav drasticallv inlluence
mardthon perlbnnance. Evlon (1987) exarnincd a
multi-stage. Jong-distancc road race and found the
mosl sign;ficant vari.rblcs lbr perlbnnance r,iere
stal ic distnnce and the uphil l  componenl of thc
slage. Energv expcnditurc and run pel lbrmance
times of simuiated orienteering condit ions Iere
comparcd on flat uncl hilly routes by Knorvlton et
al. \l9BB). Thev lound rhar thc samc lcngrh route
with a shot. stccp incline required less energl than
a loutc n'ith a longer. rnore gladual incline.

Because the first offir:ial duathlon took placc
less that ten _-veals ago (198,1). there has been a
limited amount of resear-ch on intcr-race variabif
ilv in pcr{ormancc and the potential limiting laclors



ol perforrnancc. l  hc primarl purpose ol thi.s sLudv
is Lo crarninc horr topographic val iat ion and race-
Ja r  r ' - a t l r . r  : r i f , .  t -  t h '  1 ,  r , l  , ' f  pe r t o rm . r r ree  i r r
nalc ' 'nr icldle ol the?acl" (MN'lP) duathlucs.
Ouiding research r lrrcst;ons arc: 1) l 'hat ini luences
do varjat ions in lace course topogfaphr and race-
, l r r  r " r r t h ,  r  l r . r r ,  on  m ,  r r r  l i r r r l  r J . c  l i r ne .  rmons
:r sample of raccs basccl on a standarcl dutrthlon
course oi a i>kn f irst run.30km bicr.clc port ion.
and a 5km second r lrn. and 2J hou do thc alcr '-
age spl i t  t i rnes (Lirres for indir. idud racc segments)
lar! 'anrong lace-c and are ther a good indicator
o1 lhe inl lrrencc of coursc di i f icuitv and rt,
nlosphelic condil ions on N{\ ' lP pe'rfrrrmancc.

Study Area and Races
'Thc 

I 'aci l ic \orthlest legion of the f ini tccl Statcs
and Canada r,as sclcctcd 1or this stud,v because
ol thc pre,.ence ol ibur duathlrn r-ace scrics clur-
ing lhe dald col lcrt ion pcl iod of Mav to Septem-
ln 1990. These series oflered an cxccllcnt c]rance
to studl duathlon perfor-mance as lhcv attr i lctcd
rnanv of thc sdme duathlete-c 1o their races.

Eight oi thirrcen duathlon races selected fol this
studv $,ele clustered aroLlnd \anc,ouvcr. Bri t ish
ColumLia. anrl  thrcc ncar Port land. Oregon. Both
cit ies enjol marine r lesl coasl cl irnatcs l ' i th adc-
quatc annl la. l  plecipitat ion and mild temperalLrrcs
thloughout thc vcar. One ofthe tvo addit ional si tes
\ras localed on Lhc high plains of eastern Oregon
iHelir .  Oreplon) arrd the other in thc highcr. dncr

intcrior of Blitish Columbia (KanLrops. R.C.). Both
-qites are leewar-d of thc Clscade frlountains. resull-
ing in defici ts ol atmospheric moisture vear-round.
The name, location, claLe. ancl actual racc distances
of eadr dLrathlon arc r-ccordetl  in Table I.

Methods

I\leteorolog cal Data

Weather dala $,ere (llledcd at thc start ofthe race,
miclpoint. anrl  thc racc f inish. ' l 'he race start r , t  as
dcfincd as fir.e minutes belirre the official racc stiu1.
For r-ar:es thal <nntaincd u 5km run.30km bicv-
cle, and :r second 5Lm fun or disldnccs thal closelv

n r , , \ : r r r r l c  l h ,  - , .  t h r  r r ,  u r , l r ne  o l  m idp , , i r r t  se : r t l r - r
data took place exadlv {rne hour and f i f teen
minutes aler the f irst compcti tors lei i  the star-t ing
l inc. The midpoint recording l i rre was <rhangcd to
one hour and thif ty minulcs rvhcn bicvclc coulse
hngths wcrc > 35km. The linal t'eaLher daLa \\'err
recorded as the lasL person crosscd the finish line.
This timc varied liom l35 minutes (Race # I ) to ont:
houl ancl 50 minules (R{cc #l}.}  after the mid-
point rccording. Hol,".er.er. most of the final r,iealhcr
recordings \rere taken one irour and 30 minutes
after the rnidpoint rccording.

'Wcather 
variahles erarnined include lempcra-

lure. relal ivo humicl i tv. l ind speed. direct radia-
t ion. cloud corer. Temperaturc-Humicl i tv lndex.
and wind chi l l .  

' fcmperature 
and relat ire humid-

i tv lere recorded using a r l igi tal hvgrometer

TABI -E l  Lora tbr .  r !n r ' .  ( la rc -  d , id  r lu r th l rn  i l i s r rn i t  fo r  races  used n  th i - .  s rudr .
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Crnud i rn  F lndur rnce  Ser ies

PT.\ Rose Festiral Biathhr

Prestige Series Stanler I'ark

tlC Tel lnternational Duathln

Hear t  0 l  t ln  ( i ) , ,n t r r  B id lh  on

Curur l i rn  I i rdunnce Ser ies

BC Te l  ln rehatu , , r l  l ) !a t l i l , , , r

I'TA Firrr rar I'rr Biathln

UC I i .  ln r ,  r .n r iond l  Dudh lon

l ' t  A  N ' l i r l sur rn r r r  B i r th lo r

I t rs t igc  Scr ics  \ \ 'h  i s tk ' r

Cunodirn Enduranre Serier

can id i l r  rndur ! , r ,  sc rns

Langlo.  B.C.

Vi . r , ) r i r .  I l .C.

Helir. Oregon

Whist  er .  B.C.

S'ilsonrille.0regor

Katnloop-r. ts.C.

N hi- . t ler .  B.C.

r"orth \-ancourer. ts.(i.

:]lln'20kn!3Lnr

5knr-30krr  r ikm

;kn,-29.7km-5km

:iknr- i l0krr  5 kn,

1.8km,t0.zkm:J.2kr l

1.5km i l2.5km 4.5knr

;km j0kn slrn

;km 30lm 5lh

; k r , - 1 0 k m - 5 k n

skm 30km skDl

03  27

06/03

06/08

06109

06 i t 6

06121
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07r0B
( )7 / t 5

08 r  l 2

09/o I

09/0u

0r)r29
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houscd insidc a standard meleor-ological shelter.
S'ind speecl uas rr:urr-dcd l'ith a tligital :rnemom,
ctcr-.  I) i lect radiat ion \ra-c rneasLrred Lrsing a solar
radi:rt ion nleter and r\as esl inalcd lr) thc ncalcst
f ire S' rn ' .  Clrud covcr was a subjective estimate
t 'rom 0lo (no cloLrds visible) Lo t00ob (skv conr-
pletely coleredi. This variublc ta-. cst imrted to the
ncarcst 1090 bv vierving the sky fof ilppro\rmatclv
L\ro rninulcs bcforc cach recolding t ime. 

' l  
he L)is-

comir-,r ' t  lnder (Thorn I959). olhcnl isc knoln rs
Tenperaturc-I lumicl i lv lndc\ ( l  Hl).  \ras used to
c\'aluatc thc amount ol human discomfort felL *ith
the lace condit ions encourrtered. S ind chi l l  rr .as
c,alculatcrJ usirrg a Stantlalcl \tind (ihill Equiv:rlent
l lcprt ion (Dixon and Prior l987).

Topog raph c Data

On-site rLrn and bicvde topographr clata rtcrc ac
tlrrilerl cithcr bcforc ol irnrncdiatelv alier each race.
A mountain bicvcle t :rs r iclden orcr cach run
course Lrsing a cvcloconputcr to measure coulse
distance. 

'l 
he t,vpe ol runnirrg surlacc cncountcrcd.

path l icl th. ancl thc sinuositv (X'tuel ler 196u) ol
the course r!ere also re(nrdc(|.  Thc bicvclc course
ras measLrred similar to thc lun coulse. In addi-
t ion. topographic rnaps \rere used for analvses of
run an.l  bicvcle coLrrse lopographv. Thc l luth
Resourccs Datu Analvsis -q,vstem (ERDr\S) r,' as
used to measLrre racre distances and changcs in cle-
vation iiom topoglaphic m:rp-s.

Bccause ol sc:r le fmitat ions on arai lable topo-
graphit rnaps ( l :50.000 for Canadian maps.
l :24.000 for f lni tcr l  ,States rnaps). detai led topo-
glaphic v iables could not be calcrr lated for thc
run coLrrscs. Tnsteacl. a subjcctir.c topographic lank
v iable (run rank) u,as cle, ' isecl based on obscr-
ral ions t i lkcn at thc race site. Al iel considering al l
aspects of cour-(e lopographv ancl lavout (c.g. slopc.
nct gain or loss. sinr.lositr. r'unning slrrlace). diili-
cult  courscs tere lssigned a rank olthree. rrroder-
ate courses a t\ \o. and east coln-scs lr  rank ofonc,

Tolnglaphic rnap rlctail was suflicient for
anallzing bicycle course topogralrhr. Four- varia-
blcs arc Lrscd to dcscribe bicvcle coulse topogra-
ph1. Local rel iel  (melers) fof lhis sludv was dcfincd
as the dif fercnr,c in clcvation bctr,".cen the highest
and lorr'cst points on tire bicvcle cc,ulse. These
points r{ere read direct lr  fronr the lopographic
map(s) or intcrpolatcd i f  thcv t 'cre between t iro
cdrlour l ines. Net gain or loss irrelers) irr  thc f irst
half  of thc coursc r las defined :rs the cl i l ierence
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in clcvution behleen the start and Lhe rrr idpoint oi
the bicrtlc tlursc. Average cour-se -slope (degrces)
r,;as calculated bv rnodifvirrg an cxist in€i average
slrpc i i rrnrula (\ \  ent$,orth I930). An undulat ion
ratio r, !as calculaLed bv divir l ing thc digit izecl bicv
tle coursc distancc b_v the straighrline (llat) dis-
tance. This ratio pruvidcs an cstimate ol the vertical
deviat ion of a bicvcfu cour-sc compdred to a
hvpotheticall,v llat course.

Performance Data
' l 'he 

variJr les f irst run t ime and sccond run t ime
r,;crc uscd in their original lbrrnat. Run clisJraritv
uas rncasLrrccl as thc dif ference between the l i rst
ruir Lime and lhe second run t irnc. ' lhc recorded
o\.elal l  and bicvcle spl i t  t imes incluclcd run/bicy-
cle and bicvclc/run transit ion t imes (the t irne Lrsed
bv cornpetitors to clrange fftrm one evcnl to thc
ne\t).  These transiLion l imcs $crc subtlacted l ionl
the original lv rccordcd bicl 'cle and overal l  t imes
belbre anv statistical analrses wer-c pcrlbrmed.

fr lathematical interlolat ion las Lrsed on r-acc
Linles whcrc coursc cl istances did not match the
5km lirst run. 30lm bicycle. 5knr second fun stan-
dard u-"ed in this sLLrd!. This was done to simpli l l '
stat isl ical fompilr isons dmong races and create a
standard {or the Schell; posl hoc tesl. To intcrpo-
lale. a rron-standard racc distance rtas divided bv
the standard rar:e distan.e to calculatc il st{ndardiz-
ing cocff icicnt. A stundardized race t ime for each
XISIP duathlete \\ra-c lhen calcularcd by multiply
ing this corfficicrrt bv cach non-standard race lime.

Oncc linear interpolrtion rra-q performed on all
non-standar-cl races. the avcragc iurd standard devi-
ation was calculated for the total r-ace population
of each racc. Thc lll'll' sample lras ttrken as anv
du l l l l r l c l c  l i l t i ng  i r r  a  r ang -  , , f  1 ' l r r -  , , r  r n i nu .  one
standalr l  dcviat ion f iom the overdl race mean. This
g1orrp of duathlctes t'as used to calculate Lhe aver--
age and standard deviation for thc first 5km run.
30km bicrclc. olcral l .  scconcl 5km run. and 5knr
mn disparitv.

Statist ca Ana yses

XI\IP ar'erage race l;rncs. topographic and race-
rlav *calhcr vrr iabics lr .ere checked lbl normal-
itv. All variables 1\,ere tested at Lhe 0.05 level ol
signi l icance. NlosL rariablcs rrcrc normallv dis
t buted. t ' i th a f i l  exceptions (wind speed) fal l-
ing trelrrccn 0.05 and 0.07 level of signif icance.



-Subtrattion matriccs 1!crc con-(tlucted using all
XIX'I I '  average race t ime-r. These subtrat tron ma-
Lrioes \rere Lrsed to iderrt i iv uniquc r-acrcs. r ' :rcc,q that
appcar to cnhancc or lcduce fr l \ ' lP duathlon per-
lbrrnance. A Scheli i  post hoc test ofANOVA *as
perforrnccl on all NII\IP r.rcc timcs. dlo$ing a
mult\) le-.onparison ol means. The resLrlts of each
-schcflc tcst $'clc combined rdth the subtraction
n rc t f i \  | F -u l t -  t , ,  - i r n1 ,1 i f '  : r n . r h - i . .  Th ,  1 ' r i r n . r n  ' r -
fol thc Sdrcifc tcst is to \.didatc, statisticallr.
unique rrces lbuncl l iorn the sublract ion malr i \
analtsis.

Results and Discussion

\'ll\{I'sarrplc sizcs" alcra:ic rllcc timcs and thc
respecl i !e standard ( ler ' iat ions for ear:h segrncnt of
thc r:rccs sturl icd arc l istcd in Tablc 2. A summarv
of thc ovclall topoglaphic charactedslics oI each
race is l)rori . led in Table jJ. Topographic prof i lcs
ofthc 30kn bicrclc courses are shor,".n in !'igule
l.  Arerage r\eaLher corldi l i ( |ns for cach racc arc
summarizcd in Tab1e,1.

F rst skm Run Performance

The lilst 5Lm fun sul)Lr:r(1ion/Srhelle matri-r (Ta-

ble 5) shors dist incL groLrpings ofsl lrcr and f irstcr

T\BLE 2 .  \ lear  fa . .  r inn  an . l  : tandard  do iaL  rn  , ) l  ra (1 .  r in r . .

Hac .  t ; ,n ( i s  ;n  r ronds l+  ts tanr la r r l  do ia t ion t .

arclagc pcdbrm.rnce t imes. Races #;. #6. #7.
#11. # 12. and #13 displal- a signi l icant redutLion
in run t ime l iom the lest ol the races. These si: i
ra(cs appcal to corrcspond vell rtith their difli-
t u l L  run  l anks  ( rL rn  rank  =  3 )  ( l ' ab l c  3 ) .  Thc  e r
cepL ion  i s  r acc  # l  l  ( r L rn  rank  :  2 ) ,  wh i ch  t as  a
borclerline case belween a rnoclcratc and tlifficult
rarrkcd coursc. I taccs #7 and #l l  had sirni lar run
courscs, both hclcl on rnountdn trails/roads o1
gravcl. This combination of gravel suliice nnd hills
resulterl  in a rcducl ion in pcrformancc cornpared
to faoes #4 an{l #9 (Talr lc 5), lhich r, ;o c hclcl on
f1al. parecl surfaces. AlLhough lherr: r las a largr:
di l lerence in nealher condil ions (Table 4). rac,r:s
#.1 and #9 (both run ranks : I)  had sirni lar racc
averages. I ' i rst 5Lm run performance appears lo
be more stlonglv inlluenced b_,-' run coLLrse tolrtlg-
rapbr than br racc-dat leather.

Races #6 and #12 are of part icrr lar inlcrcst bc-
cause thev $,e|e held on the sarne dif f icult  ru
course {run mnl : l}) at dillerent times of lhe vear.
No signilicant diililence e-rists between race #(r
and #12 according to re-eults llfon :r Scheffe post
hoc tcst ( l 'ablc 5). Dcspitc bcing run under cl i f ler-
enL \reaLher crrncl i t ions (Tablc,1), onl,v scvcn scc-
onds separates the f irsl  5Lm run segnlenL of Lhese
llo duathlons (Tablc 5).

1+ 01 \ I IPI Run r l l lu !  n2 I ) i ' t )n r i t r  I

I  t , r : i 0 )

i 2  i i = 8 1 r

: l  1 , r : 2 2 ( ) )

I  r !  =  l 2 ; l

;  L r : ; 5 1

6  l n :  ?  l r

;  l D :  I  l : l r

B  l n : l l l r

9 l n = a r 2 l

l 0  1 n :  I  2 i l  I

I  I  l n :  L ; 5 1

l 2  l n :  1 1 6  |

l 3  i n : 6 ; l

l 2  t 9  l I l { r

I  t 6 ;  ( ; ; r

I  L 8 I  { 9 l r

I  1 2 1  t U  l r

l z t a ,  I  I  l { t

i 2 7 6  I  t 0 9 l

t : J t 2  i 9 ; l

I  1 9 5  ( t 0 6 1

L  1 0 5  r 6 ; l

2 i l5 { i )81

1299 (106r

1269 (10)

L2l j :J  t9 l  I

i1228 i2 l .1 l

: l2 l i l  ( l  a i i ) )

3106 r2ol j l

3 1 6 1  ( 2 2 1 |

i l0? |  l : j5 l l

3 l 0 l  t 2 0 l l

: 1 0 ;  l  { 2 1  1 l

J 2  9  1 2 3 3 1

: l I 8 3  1 2 0 1 1

:J050 (2351

:1t  91 12211)

3 1 0 1  1 2 0 0 )

3 2 0 8  1 2 2 8 )

1.J2.1 t l t8)

1 2 6 ;  ( 8 8 )

l2[ ]2 1I081

1 2 2 ;  0 5 l

l3 l l9 (23|

1 . 1 7 ;  { 1 5 9 1

t  ' 1 9 1  0 3 0 )

l30i l  tL: l :J)

1 2 0 5  ( t l : r

1 3 , 1 1  i L l 9 )

I  1 1 6  t l ; 3 1

I 1 i l 5  t l ; 0 1

I 1 2 5  { l  l 1 )

;663 1362J

;6i r )  l2dJt

;57i)  (3;2)

;5 |  r ;J :17 )

;972 r535r

; 5 1 6  r : l l B l

;617 i362r

572,1 r i l9 ; )

; ;J i  (2 l l  |  )

5626 t :J88r

5i51 (399r

5: t l t  ( iJ  l : l r

5920 r l l l l2r

t 0 ;

100

t  0 t

l0ar

l ] 2

1 9 8

r i lS

| 3

1 0 1

I 0 ;

t: t ;

t 66

l:12

r 'F i r - . t  5 ln i  rnnr -second 5kr r  run  d ispaf i r .  ca lcL , laL t l  f rom,a . .  ! r . ras .s .

: " 'T ines  io r  u .e r  1 .  :1 .  5 .  6 .  ; .  1 ) .  l l .  l2  a ' .  i , , r . r r )o l rL ( l l  Lo  L l r .  inL .nuL ion l l  d is r r f (c  15km r !n .30knr  b ike .  5km runr .
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1 . 7 5
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66.0.1

1 5 2 . 1 0
7 3 . 1 5
33.53
1 2 . 5 1

179.8: i
6().01
25.00

- 22.46
8.53
0.00
1 .00

39.93
- 3 t . 0 0
f2n.o2

0.00
2r.3,1
6 .70

-167 .64
31 .00
0.00

t.000046
1.000.143
1.00t 1:]2
1.000120
1.000439
1.0000B5
1.00153,1
1 .00 t034
1.000047
1.000001
1 .001574
1.000085
1.000082

2
2
I
2
3

I
I
2
2
3

}1 I "ANGLEY, B.  C.

:

1 l

i6  AND *12 VANCOUIER, B.C.

ligure l,{. Bicycle coursr: cLvaLion profile for race #1-6 and .acc #12. \ierti.al eraggerarn,n is 80x.
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RACE ]i8 WILSONVII-]-E, OREGON

RACE * 10 FAIRVIEW. OREGON

!  . , . .!
a

i

F A C E  * 1 1  W H T S T 1 E R ,  a . C .

I

e ^ "

RACE 1t9 KA-r"rr-OOPS. B. C.

Fisure lB. tsicvcle course elevation prolilt lor ratr' #7-l I and race #13. Venical e\aggerarion is 80r.

TABLE 4. Vean wr:athrr conditions recorded .t ea.h ra.e.

FACE *13 NORTH

Tenperature Relatire

Raccl oC Humiditv (9io)
Winrl Sptrl Dire.t Radi.tion

W  m '
Cloud r , ,nFHumidiLy \ !  ind

Cover ( r /o)  l .d. r  ( lHl)  Chi l l

I
2
3
'l

5
6
i

9
It)
1 t
t 2
l 3

t 5 .  t 9
16 . t 1
13 .70
l0_00
20_00
20.00
t4.63
23.33
26 . t  I
22.7n
I  t . 85
17.0,1
1 6 . 1 t

78.61
73_00
9 t .33
82.67
45.33
58.00
63 .33
54.67
29.67
66.00
77.00
7  1 .6 i
68.33

0.43
| . 9 2
0.00
| . 47
5 . 1 7
0.40
0.05
0.40
0 .50
1 .42
0.00
o.42
0 .38

275.OO
580.00
r 8 r . 6 7
,113 .33
101:l_:13
290.00
566.67
980.00
996.67
925.00
218 .33
216.67
485.00

r00 .00
80.00

100.00
93 .33
30.00
36.67
46.6 t-

10 .00
0.00
6.67

10.00
10.00
66.67

15 .05
t5 .80
t3.72
10.38
18.20
18.6t)
14 .50
21 .01
2l.43
2 t . t 1
t2 .12
I6 .56
l5.7,1

1i l .38
12.5,t
1 3 . 7 0
7.27
10 .37
t9.25
1:t.5:t
22.59
2 ; . 18
20 .14
1 1 . 8 5
16.26
15 .40
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R  \ C I i }

Time
1!c. .1 l :  l ( )

1 '  1 2 1 !

2  |  1 6 ,

i l  t l i l t

R  r  l t 2 t

' \  ; ,  l2 i6

|  6  t 2 ; 6

u  ;  r 3 r ,
:  8  t l 9 ;

9 '  I t 0 5

1 ( l  t z l ;

1 t  u99

l2  r r r 9

13 1:lU3

| 6 ;  I t 8 t  t 2 t

; | .lilrT) 911

11 .16

t i 2 i 6  t 2 i 6  t i ] D

; ;  5 ,  9 3 L Y l

t1 l9 Tr 1091\ I  t09r\  I

9 ;  T r  9 ; r \  I  l 3 0 r \  I

l ; ; L \  r  l ; ; r )  )  l 9 l r \ l

0  - 3 6

- 3 ;

1 1 9 ;  1 1 0 ;

2 l  I  l . l 1 \  I
-28 63

l {  l i - i l  r

; 1 I r  t 6

i l l l \  r  1 l 1 l l

8 1 1 \  I  I  i 2 i \

l l a \ t  2 0 ; L I

9 t 1 t l

1 2 3 ;  L r 9 9

16 l l01\  I

6 1 1 \  I  1 3 2 1 \  r

; 1 1 \  t  t l l l l \  l

I  I  1 1 \  t i U l \  I

1 L  - 2 3

i ; i l  r  l : l

3 9  -  L 0 l L Y

iJ0LI l  1911\ l

6  1 1 1  l

1269 t28l

:11 (){

l 0 2 1 Y l  I 1 5 L l

l r81Yr l0 l1 l  l

1 1 8 1 \ r  1 6 2 1 \  l

t ;
' I  -6

13 29

i 1 i \ )  B i i \  I

l 6 1 L \ )  -  t t S i Y l

.Jl ,til

l 0  t 6

*  ; r l , r r f s  rh .  uc t  t imt  i {s  in te rpo la ted  t , )  l l !  , , r .m! l ion . l  i5km: l0 lm s l ,m l  d is r ln , , .

30km Brcyc e Performance

Tlo races (#2 and #.5) harc a cl ist inct lv di l}erenL
petlefr from thc rcst ofthe laces lTable 6)- Thcsc
two l lces possesse(l thc trro highest average t ind
spccrls ('l'ablc 9). h:rd topoglalrh icallv c,hallenging
course designs (Figurc I A). and had the slo*est
a\er:rge r-acc tirncs (Table 6). A rnain fattor in
rcducing 3Okm bitr, t le perlorrrrancc ibr race #2
appears to be the r,hal lcnging hi l l  near the mid-
point (Figulc 1AJ. l  he undulat ing coLrrsc and mid-
point r l ind speecl of 2.50rn sec '  also l ikelv
ronlf ibuted to the reducl ion irr pcrftrrmance. Be-
sides a chal lcnging f irst hal l ,  r 'ace #5 had a long
continuous clirnh 1ol Lhe cvrling dLrathlctc from the
rnicfoinL rlrnost Lo thc start/iinish area (Figure 1A).
The lorrg. chal lcnging cJirnbs of race #5 couplccJ
l i th thc midpoint u' ind sprcd (5.90nr sec' i  ac
tuunl i)r  lhe l iugc rrduction in performa|lce com-
pared to other rar.es (Tablc 6J.

' l i re 
i istest arerage 30km bicvcle t imes lbr '

l lN{P dLrathletc's alc found on a varieLr of trrur-sc
rlcsigns. 

' lhe 
topogr:rphic arralrsis (Tablc 3) and

coursc plol i le (Figure I f i l  suggcst that r ' rce #10
harl the fasLest ar.cragc 3Okm bicvcle tirne becaLrsc
of a lack ol topographic variabilitv. ln conrlasr. race
#7 tas pclcci lecl as a di l l lcrLlt  coursc br.du-

athlctcs, nnd this is backcrl  by the topographir:
analvsi-q ofthe corrrsc {Table 3). Horerer. thc scc-
ord fastcst bicvcle time (Table 6) *as rccorcled irr
race #7. The ker' to lhc fast average l ime appcars
to bc net loss (- 128rn) in thc f irst hal l  ofthe course
(Figure 1Bl. This largc drop in elevatiorr rcsultccl
irr  high racing -speeds. al lrwing duathlete-s to per-
l i rrrn al or-abore thei l  crpabi l i t ies lbr the f irst hal l
' , i  t h -  , , , . r r - "  . r n , l  r r " g . r t i ne  t l r .  r ' - , l r r r  r i ' , r r  i n  p r r
l l rrnancc caused b,v the long cl imb back to the
tlansit ion arca. Racc #l l  used the s:rrrrc ourse
as racc #7 but included rn cxtcnsion onto the staf l
(Figure lB) that accounts lor the longcr actual
{relsus interpolaLerl) cl istance. ' lhe resulL u,as a
-slorver areragc racc t ime Ibr lace #l l .

Races #6 anrl # 1 2 are of palticular intercsl bc-
cause lhcv uscd the same bicvcle r lursc at di l ler
ent t imes ol Lhe vcu. Although there wrrc
differenccs in average r,eaLher conditions betlr'een
race #6 and #12 (Tublc 4). l i th race #6 har. ing
a grcatcl potential lbr heaL slrcs,c, atclage race
times lbr Lhe l \ \{} rarcs i trc identic:r l  ( : : ]101 sec-
oncis). This rtplcscnts a tie ibl the Lhilrl li$lcst time
an(rng raccs sampled (Table 6). A snral l  local re,
l iei .  : l 'erage slrpe. and a loss in eler 'at ion in thc
f irst halJ of the cour-re conlr ibulc to thc l ist face
tinles. Lafg.r losscs in elevation in cach loop
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R . q . C I i

I '

I  *  1228

2  3 2 1 3

3' '  3106

R  1  j 6 {

A 5* 36i t

|  6 *  3 t 0 l

f t  ;+ 30i l

;  I  3 2 1 9

9  3 1 8 3

l0 J050

|  ,  3 t 9 l

t 2 '  3 t 0 t

t : l  i l208

3228 l2{3 : l106 l l rr l
-  1; 122 61

-  l l 81 \ r  80
;8

: l6 i  3 L0

11:t1\  I  l r ;
-  l . r l1\  r  112

i6:1\  I  . l

;0 i i \  I  63

;691Yr

30; t  3219 3l l l i l

t5 l iYr  l l  {5

r i r i Y l  2 1  6 0

3 1  L t l  - t i l

9 3  ; 6  1 9

;991T) { ;  t iTr  18i1\  I

: t 0  , l l l  8 ,

l i l iY 11'

3050 : l19l

l t i l rYt  : l ;

t91LT) 52

;6 lt6

| 1  z l l

62lL\  I  t r i91\  r

; 1  9 0

1 1  1 2 0

1;01Yr 2 ' ,d

133 i l
-  -  t { 2 i Y l

3 t0 l  3208
t2 i  20
113  3 ;

; t03
6i i  -+1

5;0r\ I  tr621\ r
I  toi

29 t: l  i
] l 9
ll:t 2;
; 1  l 58 iT )
t  - t i

I ir8

of this tvo loop coursc (!'igure lA) enabled NI\IP
duathleLes to pcrforrr at or abolc thcir capabiJitics.

Second 5km Run Performance
' lhe 

ei lects ol run cour'-re dif f iculty rrun ranr<.r
should bccorne rnore signilicant :r1ier running and
bicvcl ing a total of35km. lhc di l frrcncc bctteen
cl i f f icult  {run rank : l } j  and easr (rLrn fank = 1)
colrlse-i is evident when looking at the -cubtraction
matrir (Tablc 7). Scconcl 5ltm mn times ibr races
'  4  . r r r J  r 9  r r t l e  l h t  t r r uhs l c : t .  The  l . r . t  L ime .  r r e
rnost likr:lv rclatccl to thc lack o{ difficultv in the
preceri ing l i ic,vclr slrrscs. Raccs #6. #7. #11.
J  1 2 .  . r r ' d  "  l : i . l r , , r  1 , r , , r r , , r r n , " . l  , 1 , .  r ,  r r - ,  -  i n . n , . r -
aEie run pe ormance cornp:rred to ra.res #J and
#9. Again. this tppcrrs to bc primarilv a iirnction
of the di i l iculLv of thcsc f ivc rLrn coLrrscs. Rcsults
irom the -\r:heffe posr hoc tesl (Tabh 7) support
the l indings fronr the srr lr tr-acLion matrix. as almost
:r l l  f :rce pairs having second 5krn run t irnc dif icr-
ence-i of greater than +94 seconds were signif i-
cantlr clificlcnt at the 0.05 level. Second 5km mn
perftrrrnanr,e'ma"- bc thc br:st inr l icator of ovcral l
cor.lhc clillicr tr. lhc assun4rtion is thal slo$er sec!
ond 5krn run l imcs cqualc to a nrorc dif f icult  f i rst
fun and/of i i0krn bicr l ,cle coLrrse crpcricnccd bv
the N'l['ll' duathlete.

Overall Performance

Thc apparcnt ovcrali homogeneitv among courses
leads to a lack of usefulness whcn Lrsing ovcral l
race tirnes to anahze pelformance. AlthoLrgh rJiffcr-
ences e)ii-rt bet$reen the indir,idual segrncnts oleach
race. the resulting average overall ra.e times are
sirrilar. For example. duathletes ran fast on the
easl- l-un coursc of racc #,1 but much sloler 1or
race #6. a dif l icult  lun course. In contrast. dualh-
lctcs cyclccl thc lastest on the bicycie course 1or
race #6 lhile racc #4 sarl dn intcrmcdiate time
ior 'VIMP dLrathlctcs. Although thc indi l idual seg-
ments of ea.h course o)ntain dif fcrcnt phlsical
characterist ics. the f inal oreral l  rxce a!eragcs arc
approximatel,v equal (Table 2).

Races #5 and #Ii l  displal the only unir lrrc Jral-
tcrns ('l.rblc B). Exccpt lbl r,rind speed. average
wealhcr condil ions rvcrc nol largelv t l i f ferent be-
t lreen the lwo races (Tablc 4). Both raccs had diI '
f i ,  , r l l  r . r ' r  r n , l  l , i l r r l ,  '  g rn ,  n t -  l u  l h ,  i r  r ,  1 ' cc t i r e
courses (Table l3). The srnal l  di f fcrcncc bdwccn
the two r lces can be accounLed for bv Lhe rnorc
clifficult bicvcle course in race #5 (l'igure 1.4.). The
fesl ol the overal l  race l imes are dustcrcd aroLrnd
5500 seconds. l 'hus. exarnination of overal l  race
timcs contributcs littlc to the iinolledge oi the ef-
fccts of tcathcr and course topoppaphv on frll1P
dLraLhlelc pcr[ormancc.
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TAI l l .L9.  Subrra.rnn arr l  rcs i r rc nutr ix  for  ! l l { l ' f rsr  anr l  scurrr l  5km run dispar i r r .  lhc d i l lcrence in a lerage ra( ,  r ; ! ,s is
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a fchef fe p)st  ho( L( isL.
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skm Fun Dispar i ty

Resulls sLrggcsl that races #6. #7. arrd #12 arc sig-
ni l icanLl l  dif fcrcnt f lom the other rac,es (Tablc 9).
' l 'here 

appears to bc two cl ist inc,t groupings ibr
\INIP duaLhlete 5km lun disparity. One group cl is-
plav-. large dif ferenccs () 1,12 seconds) betnccn
first and second 5km runs (mccs #6. #7. #11.
#12. #13). lhe remaining rar,es arc clustered
alouncl a srnal lcr cl isparitv ol about 100 seconds
(' lable 9). Thcsc nro groupings are er, irJenl on thc
-!ublract ion matrir  of r lrr l  data (Table 9). Although
there are large 5km run clisparitie-" for races #l l
and #1i1. the Scheffc post hoc test was unablc to
rclcal anv unique -cLatist ical p[t tcrns when corl-

lrarerl  to thc other r:rces. Howetr:r.  lhc subtrac,
t ion rnatr i \  shows thcsc races dif fer bv as rnuch
as 57 secrrrrds from the othel races (Tablc 9). l lost
du:rthletes considcr l  lcduction of LJ2 seconds (2

minutes and 22 scconds) urd 1,17 set.onds (2

rninute-s:rnd 27 secrrncls) in 5km run perlor-rnancc
sLrbstontial.

Conclusions

Thc lbcus ofthis studv rras on the relat ionship bc-
t*een perlormance in male athletes during duath
lon evenl-q and thc suite oftopographic and wcather
concl i t ions encountered aL each race. Subtraction
matdces add a scrics of Scheile posL hoc tcsts oi
ANO\iA lcrc used to identif.,- unicluc races ancl
race pattelns. Aspects of race-dav r,reather- anrl
l opo9 fa t ' h i c  r r r i . r l ' i i i t r  s ,  r e  e , , r r n i ned  i n , . , r r j r r n ,  -

tion tith the matices 1rr help cxplain I'lNll' per'-
formance anong thc duathlon races. Thr lindings
suggest: 1) i i rst 5krn run t imes are primari lv af-
fected bv run course topographv.2) 30km bicv
,  l ,  t ime .  . r r e  - im . l a r  a ' n , . g  r . r  . -  " r " . f r  r l ' . - -  n  : i h
large :rmounts of topographic val iabi l i tv or high
wind spccds. 3) pool second 5km nrn pcr{ormance
is due largely to a c,ombination of mn and bicvclc
coursc dif f icultv,4) Skn run rJisparitv may be the
best indicator of ovcrall course rlifficultv as scc-
ond 5km race t imes drop consiclcrablv lbl lor ing
r diliicult first 5km run and/or iJ0km bicvclc
rrrLrrsc. and 5) other than rtind spr-'cd. r,;eather con-
dit ions have l i t t le inf luence on duathlon perfor-
mance during Lhc surrmcr rnonth-q in the Pacif ic
\orth$'cst.

l" l l l ict-s ol VeaLher anci Topographic Ser,eri tv on Duathlon Performance 2r-I
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