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Abstract

This study investigated the change in sex differences acrassiyeultra-distance swimming
performances at the 36-km ‘Maratona del Golfo Capri-Napaté riaeld from 1954 to 2018.
Changes in swimming performance of 662 men and 228 women over ther#eged were
investigated using linear, non-linear and hierarchical regressialyses. Race times of the
annual fastest swimmers decreased linearly for women froomit81o 391 mini? = 0.60,p

< 0.0001) and for men from 600 min to 373 mih¥ 0.30,p < 0.0001). Race times of the
annual top three swimmers decreased linearly between 1963 and 2@d3rfen from 736.

+ 78.4 min to 396.6 + 4.5 min{= 0.58,p < 0.0001) and for men from 627.1 + 34.5 min to
374.1 + 0.3 minr? = 0.42,p < 0.0001). The sex difference in performance for the annual
fastest decreased linearly from 39.2% (1955) to 4.7% (2013) @.33,p < 0.0001). For th
annual three fastest competitors, the sex difference in penfmendecreased linearly fragm
38.2 + 14.0% (1963) to 6.0 + 1.0% (2013 € 0.43,p < 0.0001). In conclusion, ultra-
distance swimmers improved their performance at the ‘Maratoh&aléo Capri-Napoli’
over the last ~60 years and the fastest women reduced the gapbev#stest men linearly
from ~40% to ~5-6%. The linear change in both race times and $ereddes may suggest
that women will be able to achieve men’s performance or even torfautpenen in the near
future in an open-water ultra-distance swimming event such asVidiatona del Golf
Capri-Napoli'.
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Introduction

An ultra-endurance competition is defined as an event of six houwtsration or longer
(Zaryski & Smith 2005). Among the different ultra-endurance compesitheld worldwide,
open-water ultra-distance swimming is of increasing popularity. ntimber of open-water
ultra-swim competitions continues to increase as well as the mumhldishers in these
races (www.worldstopl00openwaterswims.com). For example, the pdrtinipe the
‘English Channel Swim’ increased in the last ten years expatigntdbr both women and
men (Fischer et al. 2013). The number of swimmers per decadesedrzam the 1991
2000 period to the 2001—-2010 period by 171% for men and by 135% for women, respectively
(Eichenberger et al. 2012a). Similar findings have been observesshwfater (Eichenberger
et al. 2013) and indoor (Eichenberger et al. 2012b) ultra-endurance svwgmahere the
number of both participants and finishers increased in the last years.

The aspect of sex differences in ultra-endurance swimming perficenhas been recently
investigated for indoor pool (Eichenberger et al. 2012b) and open-waterdistaace
swimmers (Eichenberger et al. 2012a; Fischer et al. 2013;eR&a5t2014; Vogt et al. 2013)
and was leading to disparate findings. For recreational 12-hour ingaonmers,
Eichenberger et al. (2012b) showed that the performance of the aasigsk swimmers did
not differ between women and men. Similarly, Eichenberger et al. (R@tRkenced that the
annual best performances at the 34-km ‘English Channel Swim’ simrar between men
and women. In contrast, in an open-water ultra-endurance swimrhe@dreshwater lake
covering ~26 km, the annual fastest men were on average ~11.5%tl@stehe annual
fastest women (Eichenberger et al. 2013). However, recent stodestigating elite open-
water ultra-distance swimmers showed different findings daggrthe change in sex
difference across years. In the 32-km ‘Traversée Internaiothal Lac St-Jean’ the sex
difference decreased between 1955 and 2012 from ~14% in 1973 to ~4% in ReLAt(A.
2014) and in the 10-km open-water races of FINA (Féderation InternatidaaNatation),
the sex difference remained unchanged at ~7% between 2008 and 2012 (Vogt et al. 2013).

These apparent disparate findings might be due to the length of itheraee, the different
water conditions such as water temperature and the performaetefiehe participants. In
the 34-km ‘English Channel Swim’, where the water temperatured/éetween 15°C and
18°C (www.channelswimmingassociation.com), the annual fastest womeneandwam at
a similar velocity (.e. men 0.84 = 0.18 m/s; women 0.89 = 0.20 m/s) (Eichenberger et al.
2012a). In the indoor pool swim ‘Zurich 12 h Swim’ where the water tesiyre was kept
constant at ~28°C, the annual fastest women and men also swanmdamav&locity (.e.
men 0.88 £ 0.06 m/s; women 0.79 £ 0.19 m/s) (Eichenberger et al. 2012b). Intcantitas
26-km ‘Marathon Swim in Lake Zurich’ where the water tempeeavaried between 16.2°C
and 25.9°C across years, the swimming performance of the annuedt fasén was
significantly faster (1.09 £ 0.10 m/s) compared to the annual fastesen (0.97 = 0.07 m/s)
(Eichenberger et al. 2013). Interestingly, it has also been shotwvdtexr temperature at the
26-km ‘Marathon Swim in Lake Zurich’ was significantly and negdyiveessociated with
swimming performance for the fastest swimmers independent sethéEichenberger et al.
2013). Regarding the fitness level of the participants, recreattinetes were investigated



in the 12-hour indoor pool swim (Eichenberger et al. 2012b), in the ‘Marathion & Lake
Zurich’ (Eichenberger et al. 2013) and in the ‘English Channel S{#iacher et al. 2013).
The ‘English Channel Swim’ is in fact not a race where swansnmave to cross the Channel
as solo swimmers. In contrast, elite swimmers were invéstigén the ‘Traversée
Internationale du Lac St-Jean’ (RUst et al. 2014) and in the 10 K& Edmpetitions (Vogt
et al. 2013).

Differences in swimming performance between women and ment roghexplained by
differences in anthropometric characteristics between womenngen such as body fat
(Zuniga et al. 2011). Zuniga et al. (2011) showed for young sprint swimitnatrdody
fatness was the only difference between female and malenssvswith no differences for
other anthropometric characteristics such as musculoskeletaihsiscularity, skeletal size,
total body mass, or body breadth dimensions. Regarding the infloé@ecghropometry on
swimming efficiency, women have a smaller body size regplin smaller body drag, a
smaller body density with a greater body fat percent and sHowter limbs, resulting in a
more horizontal and streamlined position and therefore a smalleratdetorque (Lavoie
& Montpetit 1986; Pendergast et al. 1977).

Apart from gender differences in body fat, swimming efficiemcylso different between
women and men. Buoyancy is higher in women through a lower undereajaet which

can be defined as the tendency for the feet to sink (Pendet@dsi977). In addition, and in
contrast to running where the energy cost appeared similar betwsraan and men, the
energy cost of freestyle swimming has been shown to be satifichigher in men

compared to women (Pate et al. 1987; Pendergast et al. 1977).

Apart of anthropometric characteristics, swimming economy shouwdal€onsidered as an
explanation for the sex difference. Swimming economy is consideseone of the most
important predictors in swimming performance (Chatard et al. 1990aRdes & Vilas-Boas
2012; Smith et al. 2002). Three swimming economy related parameters are knbvas thue

net energy cost corresponding to v M@x (Cv VOmax), the slope of the regression line
obtained from the energy expenditure (E) and corresponding velocitiag darincremental
test (Giopd, and the ratio between the mean E value and the velocity meanofaiboe
incremental test (&) (Fernandes et al. 2005).The investigation of the relationship between
the time limit at the minimum velocity eliciting the individsal'maximal oxygen
consumption (TLim-v V@max) and the above mentioned swimming economy related
parameters showed that TLim-v W@ax seemed to depend in women more on swimming
economy than in men (Fernandes et al. 2005).

Differences in the endocrine system between women and men magpcootnt for

performance differences in long-distance swimming. Dulac.&t18B7) showed that male
and female swimmers had a similar metabolic and hormonal respmresdong-distance
swimming competition in cold water.

Changes in sex differences across years seemed to be difesgarding the different sports
disciplines. It has been reported sex differences in ultra-endupsrt@mance decreased
these last decades in specific sports disciplines such as ruktoffghnén 2010) and multi-
sports disciplines such as triathlon (Lepers 2008; RuUst et al. 2012a)ghl for running a
plateau in the sex differences in running distances from 1,500the tmarathon of ~11%
between 1980 and 1996 has been shown (Sparling et al. 1998). For exarhflekm ultra-
marathon running, women have improved their performance between 19%edate 80’s



but the sex differences in performance remained stable at ~2@Pe ipast two decades
(Hoffman 2010). Similar findings have been reported for ultra-distamathletes competing
in ‘lronman Hawaii’ (Lepers 2008, Rust et al. 2012a). From 1983 to 2012exhdifserence
in overall race time decreased significantly from 15.2% to 11.38gaRling the different
disciplines, the sex differences remained unchanged for swimity5%) and cycling
(~12.5%) but decreased for running from 13.5% to 7.3% (RUst et al. 2012a).

Based upon findings in ultra-marathon running (Hoffman 2010) and in u$itande
triathlon (Rust et al. 2012a), we hypothesized that the sex differasn open-water ultra-
distance swimming performance would decrease across the fedest this hypothesis, we
examined the changes in sex difference in ultra-swim perfoenanmss the years over
nearly 60 years from 1954 to 2013 at the 36-km ‘Maratona del Galfwi-Glapoli’ swim
race.

Materials and methods

Ethics

All procedures used in the study met the ethical standards ofrilse Academy of Medical
Sciences and were approved by the Institutional Review Board ofoikedt Gallen,
Switzerland, with a waiver of the requirement for informed congktite participants given
the fact that the study involved the analysis of publicly available data.

The race

The ‘Maratona del Golfo Capri-Napoli’ is held annually since 1954 iohJane. The route
for the swimmers is 36 km long and it is divided into two parts.fireeone is free for the
swimmers and goes from ‘Marina Grande’ in Capri Island tap®i Promenade’, close to
‘Castel dell’Ovo’. The swimmers find a buoy where they haveirn on the left, leaving the
buoy on the left. From this buoy, the route is obligatory where tivareers have to cover
the last kilometer of the race swimming following the coastl tiné arrival area which is
located before the small beach of ‘Rotonda Diaz’. In mid-June, tha mater temperature
of the Mediterranean Sea 5 at ~22°C
(http://www.temperatureweather.com/mediterr/weather/en-weathtaly-napoli.htm).

Data sampling and data analysis

All race results of all athletes who ever participated inNMeatona del Golfo Capri-Napoli’
between 1954 and 2013 were analysed regarding the association ofpa@wticiand
performance. The data set for this study was obtained from #oe mebsite
www.caprinapoli.com. All female and male solo swimmers durhmg 1954-2013 period
were considered for data analysis. The races times ofntieahtop and of the annual top
three women and men were retrieved from the race website warimaaoli.com. Due to the
low number of successful annual finishers it was not possible tgsanalhigher number of
results for each year. The sex difference in swimming pedoce was calculated using the
equation ([swim time in women] — [swim time in men]) / [switme in men] x 100, where
the sex difference were calculated for every pair of equaliged athletese(g. between
female and male winner, between female and male 2nd plage,Téte performance of the



overall fastest, the overall three fastest and the overafhttest swim times ever for women
and men were determined for the 59-year period and compared.

Statistical analysis

In order to increase the reliability of the data analysash set of data was tested for normal
distribution and for homogeneity of variances prior to statistical analysesa\distribution
was tested using a D’Agostino and Pearson omnibus normalityaneshhomogeneity of
variances was tested using a Levene’s test. Trends in pdrtinipsere analyzed using
regression analyses with linear and exponential growth equation mbdeksach set of data
(e.g. men and women), both modelse( linear versus exponential) were compared using
Akaike’s Information Criteria (AlCc) to determine the modelhwithe highest probability of
correctness. The AIC is a measure of the relative qualigystatistical model for a given set
of data (Akaike 1974). It provides a means for model selection andwigalthe trade-off
between the goodness of fit of the model and the complexity of tuelnfAkaike 1974).
Single and multi-level regression analyses investigated thegeban both performance and
sex difference in performance of the fastest finishers. Aatubical regression model
avoided the impact of a cluster-effect on results when an athietieed more than once for
the analysis of the annual top or the annual top three athletes. tBena@hange in sex
difference in endurance is assumed to be non-linear (Reinboud 20843ddaitionally
calculated the non-linear regression model that fits the data best. Weredrtipn the linear
with the best-fit non-linear models using AIC and F-test in mir@eshow which model would
be the most appropriate to explain the trend of the data. To fimificagt differences
between swim times of the annual top and annual top three women arzhdnkeetween the
top three and the top ten ever, a Studentést was used in case of normal distributed data
with Welch'’s correction in case of unequal variances and a Mann—-\ésiein case of not
normal distributed data. To determine the performance of thestastvimmers by origin,
multiple pairings of countries were compared using one-way analfysariance (ANOVA)
with subsequent Sidak’s multiple comparison post-hoc test. Statistitalyses were
performed using IBM SPSS Statistics (Version 21, IBM SPSScaghi IL, USA) and
GraphPad Prism (Version 6.01, GraphPad Software, La Jolla, CA, Ugi)fiénce was
accepted ap < 0.05 (two-sided fot-tests). Data in the text are given as mean * standard
deviation (SD).

Results

Participation trends

Between 1954 and 2013, a total of 1,206 swimmers participated in thé\naceg the 276
female starters, 228 (82.1%) finished and 48 (17.9%) did not finistatke Among the 952
male starters, 662 (69.5%) finished while 290 (30.5%) were not ablrish.fThe annual
number of female participants increased= 0.37,p < 0.01) whereas the annual number of
male participants remained stabté £ 0.01,p > 0.05) over the years. The annual number of
overall participants showed no change across years (Figure ArA)ng women, 56
swimmers finished the race more than once where Irene vanaderHas the record with
nine finishes. Among men, 144 swimmers finished two times or moreev@iaudio Plit has
the record with 15 finishes. The percentage of overall finismereased across year$ €
0.03,p < 0.05), although the annual percentage of both female and male firsbbenrsd no
change across years (Figure 1B). Most of the finishers origirieden Egypt {.e. 110 men



and 18 women), followed by finishers from Italye(103 men and 19 women) and Argentina
(i.e. 83 men and 20 women) (Figure 2).

Figure 1 Number (Panel A) and percent finisher rate (Panel B) ofemale, male and
overall participants.

Figure 2 Number of male, female and overall finishes per countryEGY = Egypt, ITA =
Italy, ARG = Argentina, SYR = Syria, USA = United StatedAaierica, YUG = Yugoslavia,
HUN = Hungary, NED = Netherlands, GER = Germany, ESP = Spain.

The fastest race times ever

The fastest men were always faster than the fastest mvdrhe race records belong for men
to Trent Grimsey (Australia) achieved in 2012 with 389.5 min and for emoto Angela
Maurer (Germany) in 2003 with 428.1 min (see top times in Figuréh®) sex difference in
the race records is equal to 8%. The average race time thi dfeefastest swimmers ever was
425.6 £ 4.7 min for women and 392.3 + 3.0 min for men, respectively, withresponding
sex difference in performance of 8.5 + 0.5%. The average raee dfnthe ten fastest
swimmers ever was 432.6 + 6.5 min for women and 397.2 + 3.9 min for mengthesiye
with a corresponding sex difference in performance of 8.9 + 0.8%.

Figure 3 Swim time and percent sex difference of the fastest swmers ever, the three
fastest swimmers ever and the ten fastest swimmers ever.

Performance trends across years

Between 1954 and 2012, the swim time of the annual fastest wonreaskt from 731 min
(1955) to 391 min (2013){= 0.60,p < 0.0001) and for the annual fastest men from 600 min
(1954) to 373 min (2013){ = 0.30,p < 0.0001) (Figure 4A). For the annual top three
women, swim times decreased from 736.8 + 78.4 min (1963) to 396.6 + 4.51 min (2643) (
0.58,p < 0.0001) and for the annual top three men from 627.1 £ 34.5 min (1954) to 374.1 £
0.3 min (2012) ¢ = 0.42,p < 0.0001) (Figure 4B). The inclusion of athletes with repeated
finishes among the annual winners and the annual top three had nooeffdw results
(Table 1). The comparison of the linear versus the non-linear regresmsalyses showed a
linear decrease for both the annual winners and the annual top three (Table 2).

Figure 4 Swim time of the annual top (Panel A) and annual top threeRanel B) women
and men across years.




Table 1 Multi-level regression analyses for changes in swim times across years (Mbd
1) and with correction for multiple participations (Model 2) for the annual fastest and
annual three fastest finishers

Model B SE () Stand.3 T P
Annual fastest men
1 -3.058 0.673 -0.556 -4.543 <0.001
2 -3.058 0.673 -0.556 -4.543 < 0.001
Annual three fastest men
1 -3.737 0.399 -0.620 -9.355 < 0.001
2 -3.737 0.399 -0.620 -9.355 <0.001
Annual fastest women
1 -5.197 0.671 -0.779 -7.747 < 0.001
2 -5.197 0.671 -0.779 -7.747 <0.001
Annual three fastest women
1 -5.766 0.423 -0.798 -13.621 <0.001
2 -5.766 0.423 -0.798 -13.621 <0.001

Table 2 Comparison of linear and non-linear regression analysis of changes in swim
time across years in the annual fastest and annual three fastest finish¢o determine
which model is the best

Swim time Kind of Sum of DOFAICC Best regression Best regressionDelta Probability Likelihood
regression Squares AIC-Test F-Test
Annual fastest Polynomial 3120.08 42 432.8 Linear Linear 7.5 0.02 97.8%
men Linear 3237.72 46 4252
Annual fastest Polynomial 1863.47 35 357.0 Linear Polynomial 3.1 0.1 82.5%
women Linear 2183.96 39 353.9
Annual three  Polynomial 3254.07 44 419.8 Linear Linear 2.8 0.2 80.6%
fastest men Linear 3208.71 45 417.0
Annual three  Polynomial 1482.07 26 262.0 Linear Linear 7.8 0.02 98.1%
fastest women Linear 1337.63 28 254.2

For all investigated regressions, linear was tst bdel. DOF = degrees of freedom, AIC = Akaikleiimation criterion.

Change in sex difference in performance over time

The sex difference in performance of the annual fastest sefisnadecreased from 39.2%
(1955) to 4.7% (2013Yt = 0.33,p < 0.0001) (Figure 5). The sex difference in performance
of the annual three fastest swimmers decreased from 38.2 + 14.@%) (©96.0 + 1.0%
(2013) ¢* = 0.43,p < 0.0001) (Figure 4B). The comparison of the linear versus the non-linear
regression analyses showed a linear decrease in the e for both women and men
(Table 3).

Figure 5 Sex differences in performance of the annual top (Panel Agnd annual top
three (Panel B) women and men across years.




Table 3Comparison of linear and non-linear regression analysis of changes in sex
differences across years in the annual fastest and annual three fastisishers to
determine which model is the best

Sex differenceKind of Sum of DOFAICC Bestregression Best regressionDeltaProbability Likelihood
regression Squares AIC-Test F-Test

Annual fastest Polynomial 3878.5 35 198.2 Linear Linear 4.7 0.08 91.6%
Linear 4364.0 39 1934

Annual three Polynomial 981.6 15 160.6  Linear Linear 416 9.0eY 100%

fastest Linear 14746 28 1189

For all investigated regressions, linear was trst bodel. DOF = degrees of freedom, AIC = Akaikieiimation criterion.
Performance by origin of the athletes

Considering the performance of the swimmers regarding theindifiggure 6), the fastest
female swim times were achieved by German swimmers (463@.8 min), followed by

swimmers from ltaly (472.0 £ 23.7 min) and Argentina (489.6 + 27.8 min)fadtest male
swimmers originated from Argentina (409.5 + 8.7 min) followed bymswers from Italy

(414.5 £ 12.0 min) and the United States of America (415.5 + 12.2 min) (Figure 6).

Figure 6 Performance of the top ten ever women (Panel A) and men gRel B) per
country for countries where at least ten men or women finlsed the race successfullyr-
value is given in case of significant differences betweencadfacountries. EGY = Egypt,
ITA = Italy, ARG = Argentina, SYR = Syria, USA = Unitedafes of America, YUG =
Yugoslavia, HUN = Hungary, NED = Netherlands, GER = Germany, AUS = @iastr

Discussion

The aim of this study was to investigate the change in séeratite in performance in the
36-km ‘Maratona del Golfo Capri-Napoli’ from 1954 to 2013. The swim titesreased
linearly over the studied period for both men and women, and the #Hexrenites in
performance decreased linearly for both the annual winners from 1955 to 2012 and the annual
top three finishers from 1963 to 2012. The linear change in both swies tand sex
differences may suggest that women will be able to achievesrperformance or even to
outperform men in ‘Maratona del Golfo Capri-Napoli’ in the near future.

It has been reported that the sex difference in sports pefme is non-linear (Reinboud
2004). However, in the present ultra-swimmers, the changes in bath tiwes and sex
differences in performance were linear, but not non-linear. Thearlidecrease in sex
difference in ultra-swimming performance observed in the ptestudy differs from
previous findings for triathlon and in ultra-distance running races (iéoff2010; Lepers
2008; Rust et al. 2012b; Sigg et al. 2013). Indeed, it has been showaor thtilon (Lepers
2008; Rust et al. 2012b; Sigg et al. 2013) and ultra-running (Hoffman 2010kethe
difference in performance plateaued or even increased th&isdeleades. An analysis of
performance in Ironman triathletes competing in ‘lronman Hawaiween 1981 and 2007
showed that overall race times decreased rapidly from 1981 bainearstable since the late
1980s (Lepers 2008). Between 1988 and 2007, the sex difference remainedfatable
swimming (+0.1% per decade), increased for cycling (+0.8% peddgcand decreased for
running (—2.8% per decade). The sex difference in performancedaalblronman race time
remained stable in the last two decades (-0.5% per decadejq12888). In longer triathlon
distances than the Ironman distance, the sex differences remanuhanged or even



increased across years. For example, in Double Iron ultra-tmatiield between 1985 and
2012, the sex difference remained unchanged for overall race @Nd84), the swim split
times (26.8%), the cycling split times (25.2%), and the run splitsti(@82.4%) (Sigg et al.
2013). In Triple Iron ultra-triathlon, the sex differences in ovewdke times increased from
10% in 1992 to 42% in 2011 while the sex differences decreased in swirnsplingmes
(from 35% to 28%), but increased in running (from 12% to 40%) and cydfimm (L0% to
64%) split times (Rust et al. 2012b). In ultra-marathoners compatinb61-km ultra-
marathons in North America the sex difference in performance 488 in 1977 and
decreased to ~20% in 1989 with no further change until 2008 (Hoffman 2010).

A time period of two or three decades for the determination pdtantial change in sex
differences in open-water ultra-distance swimming perforeamas probably too short in
previous investigations (Eichenberger et al. 2012a, 2012b, 2013, Fische2Gt3&lVogt et
al. 2013). In the ‘Marathon Swim Lake Zurich, a time period of 24sy€E87-2011) was
investigated (Eichenberger et al. 2013). The sex difference in paricarfor female and
male winners was on average ~11.5% with no change across years. In ttie 12uni Swim’
athletes competing between 1996 and 2010 (14 years) were consideredl&ighe et al.
2012b). The annual best performance was not different between wordemen. In the
‘English Channel Swim’, data were available since 1875, however,aotime period of 36
years from 1975 to 2011 could be considered to investigate the serrtifferbetween the
annual fastest three women and men. For the mean of the anneskt f&sim times,
performances between women and men showed no differences (Eigezndteal. 2012a).
When the annual three fastest women and men were considereel th#esence remained
unchanged at 12.5 *+ 9.6% over time (Fischer et al. 2013).

The progressive decrease in sex difference in performance inultriesewimmers over the
59-year period might be due to several reasons. Changes in traiathgds (Costa et al.
2013) and nutrition (Slattery et al. 2012) these last years migbktihgroved performance.
However, both women and men might have benefit from these improvemenigie€ha
anthropometric characteristics of ultra swimmers across yeglg aiso have an influence. It
has been shown that anthropometric characteristics were retatgeiformance in open-
water ultra-swimming (Knechtle et al. 2010). Across years, twwpnsers improved
performance in 100 m pool-swimming between 1912 and 2008 (Charles & B¥jaj. In
the same period, body height and body slenderness increased. Swimpeadg sicreased in
proportion to body height (Charles & Bejan 2009). Van Heest et al. (28pdijted that elite
open-water swimmers were smaller and lighter than compefig swimmers. Since
competitive open-water ultra-distance swimming is a rathergdisctipline (www.fina.org),
athletes with specific anthropometric characteristics wilistmprobably move from pool
swimming to open-water swimming.

Another explanation for the decrease in sex difference mightasendr during open-water
swimming. In triathlon (Landers et al. 2008) and in open-water ulttardie swimming
(Rust et al. 2014), athletes draft one behind the other. Thereforestibst faomen may draft
behind the fastest men and reduce drag (Chatard & Wilson 2003). Dratiyngave energy
since swimming behind another swimmers reduced oxygen uptake, heatiload lactate
and stroke rate.

The sex difference in performance reached in 2013 a value of 4.7%efanhual winners
and of 6.0 £ 1.0% for the annual three fastest finishers. By comapaf® ultra-endurance
cyclists competing in the ‘Race Across America’ between 1982—-2012agtest men were



14-15% faster than the fastest women and the sex difference2d®is for the annual three
fastest woman and men in the last 30 years (Rist et al. 2013). Ingutire sex difference
was at ~11-12% when considering running distances from 100 m to 200 kst @@ca.
2004; Sparling et al. 1998). In 161-km trail running, the sex differaraeeven at ~20%
(Hoffman 2010). The sex difference in running performance appaatogical in origin
(Cheuvront et al. 2005). Success in distance running is determinedy ldrgeherobic
capacity and muscular strength. Men have a larger aerobic tyapadi greater muscular
strength suggesting that the gap in running performances betweenand women is
unlikely to narrow naturally (Cheuvront et al. 2005). This might be tueuhning and ultra-
running, however, not for ultra-swimming in cold water. Femalenopater ultra-swimmers
have a higher percent body fat compared to male open-waterwitnarers (Weitkunat et
al. 2012). The higher body fat might be an advantage in longer ultraaissavims (> 40
km) and at temperatures of < 20°C since body fat was not predictav&éesh-water swim of
~27 km at water temperatures of ~20-22°C (Knechtle et al. 2010).

Apart from anthropometric characteristics, women improved stfybe swimming
performance across years when the race results of maleraalk ficnalists in each freestyle
event {(.e. 50 m, 100 m, 200 m, 400 m, 800 m, 1500 m) held at the Olympic Games between
1896 and 2008 were investigated (Stanula et al. 2012). Moreover, the ddfdretveeen
women and men became smaller with increasing race distancecsnenwmproved their
performance more dynamically compared to men (Stanula €0&R). The increase in
female swimming performance across years at the level oDiympic Games was most
probably due to the fact that women were less well trained thandweng earlier years
(Stefani 2006). A study investigating butterfly swimmers ofedént skills showed that
differences between skill levels were related to the chpatielite swimmers to assume a
more streamlined position of trunk, head and upper limbs during leg actoos, a shorter
glide and higher stroke rate to overcome great forward reséstand generate higher forces
and use better technique during the arm pull (Seifert et al. 2008).

Basic motor abilities might also be different in women and meni¢Pat al. (2008)
investigated differences in basic motor abilities in youngmswérs. The discriminative
analysis of motor variables between female and male youngmsens showed that male
subjects were superior in explosive strength, throw strength iitydart coordination and
aerobic endurance, whereas female subjects showed a bettempederin flexibility and
movement frequency, leg movement in particular. In male young sesgsynthe motor
system was found to integrate coordination/agility, aerobic endueattexplosive strength,
whereas in female young swimmers it integrated coordinationrmmstef cortical movement
regulation, aerobic endurance, explosive strength and psychomotor speédk{Rav2008).
These basic motor abilities might be differently developed into adulthood.

An interesting finding was that most of the finishers origiddtem Egypt for both women
and men. The fastest swim times were achieved, however,obyemw originating from
Germany and men originating from Argentina. In the 10-km raceseoFINA, most of the
participants originated from Brazil, followed by swimmers fr@armany and Russia (Vogt
et al. 2013). At the ‘English Channel Swim’, most of the competitoiginated from
England, most probably due to vicinity of the Channel for British swamn(Eichenberger et
al. 2012a). The best annual swim times were achieved by Bsittshmers. In the 10-km
races of the FINA from 2008 to 2012 held all over the world, the athlstarted most
probably in the races held in their country or near to their couMogt(et al. 2013).
Although both the ‘English Channel Swim’ and the ‘Maratona del Go#pri-Napoli’ are of



about the same distance, athletes of different nations partiaipttese races although both
races were held in Europe. A potential explanation for these disgardings could be the
water temperature. British swimmers might be more famikéh the cold water in the
‘English Channel Swim’. The ‘Maratona del Golfo Capri-Napoli’ eld in the
Mediterranean Sea with higher water temperatures. This exgiain why Egypt swimmers
were the most frequent finishers and German women and Argentiniamlongnated the
race.

Strength, limitations and implications for future research

A strength of the present study is the long period of invegiigaif ~60 years and the
comparison of linear versus non-linear changes of both swimming penfcesand sex
differences over time. Limitations are that anthropometrice@itie et al. 2010) and training
(Knechtle et al. 2010) characteristics of the swimmersnateecorded. It has been shown
that the world’s fastest 100 m swimmers became taller anddng@harles & Bejan 2009)
and both body height and body mass index were predictive for naeertiopen-water ultra-
swimmers (Knechtle et al. 2010). Future studies need to investiga@ges in
anthropometric characteristics in ultra-distance open-water swirouer time.

Conclusion

In conclusion, the sex difference in swimming performance at the 36-km tardel Golfo
Capri-Napoli’ decreased in the last ~60 years to reach ~5-@3®1i8. The question whether
women might reduce the gap with men in open-water ultra-swimmitige future could be
raised. The linear change in both swim times and sex differenagssuggest that women
will be able to achieve men’s performance or even to outperformntae near future in an
open-water ultra-distance swimming event such as the ‘Maratein&olfo Capri-Napoli'.
Future studies need to investigate the changes in sex diffeiarioager swim distances and
in extreme environment such as cold water. The female anthropomttry higher body fat
might be of advance in very long open-water ultra-swims (> 40 km) in cold water (x20°C

Competing interests

The authors declare that they have no competing interests.

Authors' contributions

CR performed the statistical analyses and drafted the maptidRti helped in drafting the
manuscript and gave support in the statistical analyses, TR helgezlinterpretation of the
data and helped drafting the manuscript, BK collected all data dpddhim data analyses
and drafting the manuscript. All authors read and approved the final manuscript.

References

Akaike H (1974) A new look at the statistical model identificatitfEE Trans Automat
Contr 19:716-723



Charles JD, Bejan A (2009) The evolution of speed, size and shape immtdetics. J Exp
Biol 212:2419-2425

Chatard JC, Lavoie JM, Lacour JR (1990) Analysis of determinants of swimming economy
front crawl. Eur J Appl Physiol Occup Physiol 61:88—92

Chatard JC, Wilson B (2003) Drafting distance in swimming. Med Smorts Exerc
35:1176-1181

Cheuvront SN, Carter R, Deruisseau KC, Moffatt RJ (2005) Running pemhme
differences between men and women: an update. Sports Med 35:1017-1024

Coast JR, Blevins JS, Wilson BA (2004) Do gender differences in mgnpérformance
disappear with distance? Can J Appl Physiol 29:139-145

Costa MJ, Bragada JA, Mejias JE, Louro H, Marinho DA, Silva Barposa TM (2013)
Effects of swim training on energetics and performance. Int J Sports Med 34:507-513

Dulac S, Quirion A, DeCarufel D, LeBlanc J, Jobin M, Céte J, BnsGR, Lavoie JM,
Diamond P (1987) Metabolic and hormonal responses to long-distance swinmgotd
water. Int J Sports Med 8:352—-356

Eichenberger E, Knechtle B, Knechtle P, Rust CA, Rosemann T, LBp¢2612a) Best
performances by men and women open-water swimmers duringrtgiish Channel Swim’
from 1900 to 2010. J Sports Sci 30:1295-1301

Eichenberger E, Knechtle B, Rust CA, Knechtle P, Lepers R, Rosema2012b) No
gender difference in peak performance in ultra-endurance swignparformance - analysis
of the ‘Zurich 12-h Swim’ from 1996 to 2010. Chin J Physiol 55:346—-351

Eichenberger E, Knechtle B, Knechtle P, Rist CA, Rosemann T,d.&efenn O (2013)
Sex difference in open-water ultra-swim performance in the lofigeshwater lake swim in
Europe. J Strength Cond Res 27:1362-1369

Fernandes RJ, Billat VL, Cruz AC, Colaco PJ, Cardoso CS, Bites- JP (2005) Has gender
any effect on the relationship between time limit at,M@x velocity and swimming
economy? J Hum Movement Stud 49:127-148

Fernandes RJ, Vilas-Boas JP (2012) Time to exhaustion at thenaxOvelocity in
swimming: A review. J Hum Kinet 32:121-134

Fischer G, Knechtle B, Rist CA, Rosemann T (2013) Male swimmess ¢he English
Channel faster than female swimmers. Scand J Med Sci Sports 23:e48—-e55

Hoffman MD (2010) Performance trends in 161-km ultramarathons. IpoxdsSMed 31:31—
37

Knechtle B, Baumann B, Knechtle P, Rosemann T (2010) Speed during granadh
anthropometric measures in relation to race performance by andldemale open-water
ultra-endurance swimmers. Percept Mot Skills 111:463-474



Landers GJ, Blanksby BA, Ackland TR, Monson R (2008) Swim positionimd) its
influence on triathlon outcome. Int J Exerc Sci 1:96-105

Lavoie JM, Montpetit RR (1986) Applied physiology of swimming. Sports Med 3:165-189

Lepers R (2008) Analysis of Hawaii ironman performances ie #lidthletes from 1981 to
2007. Med Sci Sports Exerc 40:1828-1834

Pate RR, Sparling PB, Wilson GE, Cureton KJ, Miller BJ (1987) OCesdpiratory and
metabolic responses to submaximal and maximal exercise enwadihen distance runners.
Int J Sports Med 8:91-95

Pavi R, Trnini V, Kati¢ R (2008) Sex differences in motor characteristics of elementa
school children included/not included in swimming training. Coll Antropol 32:829-834

Pendergast DR, Di Prampero PE, Craig AB, Wilson DR, Rennie D3¥7) Quantitative
analysis of the front crawl in men and women. J Appl Physiol 43:475-479

Reinboud W (2004) Linear models can’'t keep up with sport gender gap. Nature
432(7014):147

Rust CA, Knechtle B, Rosemann T, Lepers R (2012a) Sex difference in ramenaerte and
age of peak performance in the Ironman Triathlon World Championship1fé&3 to 2012.
Extrem Physiol Med 1:15

Rist CA, Knechtle B, Knechtle P, Rosemann T, Lepers R (2012bicipation and
performance trends in Triple Iron ultra-triathlon - a crossi@eal and longitudinal data
analysis. Asian J Sports Med 3:145-152

Rust CA, Knechtle B, Rosemann T, Lepers R (2013) Men cross Aafaster than women -
the ‘Race Across America’ (RAAM) from 1982 to 2012. Int J SportgshPerform 8:611—
617

Rust CA, Knechtle B, Rosemann T, Lepers R (2014) Women reducedxtladgfeesnce in
open-water ultra-distance swimming — ‘La Traversée Intemnale du Lac St-Jean’ 1955—
2012. Appl Physiol Nutr Metab 39:270-273

Seifert L, Boulesteix L, Chollet D, Vilas-Boas JP (2008) Ddfeces in spatial-temporal
parameters and arm-leg coordination in butterfly stroke as aduanatirace pace, skill and
gender. Hum Mov Sci 27:96-111

Sigg K, Knechtle B, Riust CA, Knechtle P, Lepers R, Rosemann T (Zx3}lifference in
Double Iron ultra-triathlon performance. Extrem Physiol Med 2:12

Slattery KM, Coutts AJ, Wallace LK (2012) Nutritional practicef elite swimmers during
an intensified training camp: with particular reference tooarmdants. J Sports Med Phys
Fitness 52:501-505

Smith DJ, Norris SR, Hogg JM (2002) Performance evaluation ohswis: scientific tools.
Sports Med 32:539-554



Sparling PB, O’Donnell EM, Snow TK (1998) The gender difference itami® running
performance has plateaued: an analysis of world rankings from 198960 Med Sci Sports
Exerc 30:1725-1729

Stanula A, Maszczyk A, Roczniok R, Pietraszewski P, Ostrowski ajqcZA, Strzata M
(2012) The development and prediction of athletic performance intyi@esvimming. J
Hum Kinet 32:97-107

Stefani RT (2006) The relative power output and relative lean bodg ofagvorld and
Olympic male and female champions with implications for gender yeqdiitSports Sci
24:1329-1339

Van Heest JL, Mahoney CE, Herr L (2004) Characteristics & epen-water swimmers. J
Strength Cond Res 18:302-305

Vogt P, Rust CA, Rosemann T, Lepers R, Knechtle B (2013) Analygi® km swimming
performance of elite male and female open-water swimmers. Spring:B03

Weitkunat T, Knechtle B, Knechtle P, Rust CA, Rosemann T (2012) Bauyasition and
hydration status changes in male and female open-water swsnaioméng an ultra-endurance
event. J Sports Sci 30:1003-1013

Zaryski C, Smith DJ (2005) Training principles and issues foa-gihdurance athletes. Curr
Sports Med Rep 4:165-170

Zuniga J, Housh TJ, Mielke M, Hendrix CR, Camic CL, Johnson GO, Hous8dbdidt RJ
(2011) Gender comparisons of anthropometric characteristics of youny spimmers. J
Strength Cond Res 25:103-108



Number of Participants

% Finisher

£ Women Y =0.20°X + 0.85;R°=0.37; P < 0.01
O MenY =0.05"°X + 18.65; R2= 0.01: P > 0.05
@ TotalY = 0.25°X + 19.50; RZ = 0.12; P = 0.02

60
55
0 o - ; - : : : : ‘ ; -
1954 1958 1962 1966 1970 1974 1978 1982 1988 1992 2006 2010
1 5 9 13 17 21 25 29 33 37 41 45
A Year
€ Women Y = 0.71"X + 56.50; R2 = 0.08; P > 0.05
O MenY =025 +62.98, R = 0.04; P > 0.05
‘@ TotalY = 0.43*X + 59.53; RZ = 0.10; P = 0.03
110
100 - cO @) O O O GO GO O O O CO O
90
80
70
60
50
40
30
@) @) @)
20 0] o
10 -
0 T T O T S T @ T T T T S
1954 1958 1962 1966 1970 1974 1978 1982 1988 1992 2006 2010

1 5 9 13 17 21 25 29 33 37 4 45
agure 1 Year



Number of Finishes

[] Women
1 Men

140+ Il Total
120
100
80+
60+
404

o I R HHI Al

T T T T

0
Figure 2gy TA ARG  SYR  USA HUN NED GER  ESP




1 Women

Swim Time (min)

= Men
Il Sex Difference
450 x Dl P <0.01 12
P =0.01
— T 11
400+ —
— —
10
3501
9
3001 8
7
2501
6
200
5
150+ 4
3
1004
2
504
1
F|8ure 3 Top Top3 Top10

(%) @oualaylq xas



Swim Time (min)

500+

400+

<> Women

O Men
900+
© 8
800
O
700+
€
E
[
E 600
[
£
=
(2]

300 T T T T T T T T T T T T
1954 1958 1962 1966 1970 1974 1978 1982 1988 1992 2006 2010
1 5 9 13 17 21 25 29 33 37 41 45
A Year
£ Women
O Men
9001
800
700+
600
500
400+
300 T T T T T T T T T T T
1954 1958 1962 1966 1970 1974 1978 1982 1988 1992 2006 2010
1 5 9 18 17 21 25 29 33 37 41 45
Bigure 4

Year



Sex Difference (%)

Sex Difference (%)

707

60

50

40

30 1

20

70 ~

60 1

50 1

40 1

30 1

20 -

10

T T T T T T
1958 1962 1966 1970 1974 1978
5 9 13 17 21 25

2010
45

1982
29

1988
33

1992 2006
37 41

Year

()

¢

®

T
1954

Boure 5

T T
1970 1974
17 21

T
2010
45

T
2006
41

T
1992
37

1988
33

T
1982
29

T
1978
25

T
1966
13

T T
1958 1962
5 9

Year



Swim Time (min)

Swim Time (min)

[1 Women
6501
600

550

500+

P <0.05

450+

400+

350

300+

250

200+

150+

100+

50+

T
GER

= Men
6504
600
550+
500+
450+
400+
350+
300+
250+
200+
150+
100

50+

0-

ARG
Bigure 6

T T T T T T T
ITA ARG ESP NED HUN USA EGY

P <0.01

ITA USA GER SYR EGY HUN YUG



	Start of article
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

