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CHAPTER 5: GROWTH AND MATURITY PROFILE OF 
YOUTH SWIMMERS IN MEXICO 
 
Maria E Peña Reyes 
Robert M Malina 
 
 
 
 
INTRODUCTION 
 
Sport organization and participation in Mexico has developed considerably 
since the 1980s. Two factors are have apparently driven this expansion: (1) 
the assumption that most of the population should have access to sport in any 
of its different forms (youth sport, popular or recreational sport, and organized 
sport), and (2) strong interest in improving sport performances at national and 
international levels, i.e., high performance athletes (CONADE, 1991). In sports 
such as swimming or diving, opportunities for young participants are often 
limited due to scarcity of appropriate facilities throughout the country.  

 
Studies of young athletes often focus on the "talented" and in many 

cases the elite (Malina, 1994, 1998). And, age-group swimmers are well 
represented among studies of the growth and maturity status of young 
athletes. Young swimmers are, on average, taller and heavier than reference 
data for the general population during childhood and adolescence, and in later 
elite adolescence swimmers tend to especially taller, but not exceptionally 
heavier. There is, needless to say, variation among studies and geographic 
regions (Malina, 1994, 1998). The data, however, are primarily available for 
Europe and the United States. Data for youth swimmers from Latin American 
countries are limited to reasonably select adolescent samples from Cuba 
(Alonso, 1986; Pancorbo and Rodriguez, 1986), Brazil (Rocha et al., 1977), and 
Venezuela (Perez, 1977, 1981), and a sample from the Bolivar Games in 1981 
(Brief, 1986). More recently, the anthropometry and somatotype of an 
international sample of young adult swimmers, including those from Latin 
America, have been described (Carter and Ackland, 1994). 

 
This paper is considers the growth and skeletal maturity status of youth 

swimmers from two urban centers in Mexico. They are participants in formal 
swim programs and are not, as a group, select, talented, or elite level 
swimmers. The data for this sample of Mexican youth swimmers are then 
compared to data for youth swimmers of approximately the same age from 
several Latin American countries. 
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METHODS 
 
The swimmers were part of larger study of the growth and maturity status of 
youth participants in several sports in different regions of the country in the 
late 1980s. The cross-sectional sample included 66 males 8.0 to 17.1 years of 
age and 24 females 8.3 to 14.2 years of age. The swimmers were participants 
in youth swim programs two urban centers at central and northwestern 
Mexico. The programs and swimmers are not elite caliber. The children had 
been training in swimming for periods ranging from six months to two years. 
Younger children trained twice per week in hourly sessions, while older 
children trained three times per week in two hour sessions. This study thus 
provides data on the growth and maturity status of youth enrolled in less 
formal and less intensive swim programs.  

 
Weight, height, sitting height, and the anthropometric dimensions 

needed to estimate Heath-Carter somatotype were taken: flexed arm and calf 
circumferences, bicondylar breadths of the humerus and femur, and the 
triceps, subscapular, suprailiac and medial calf skinfolds (Carter and Heath, 
1990). The body mass index (BMI, kg/m2) and sitting height/standing height 
ratio (%) were also calculated. 

 
Hand-wrist radiographs were taken to provide an estimate of skeletal 

maturity. The Fels method was used to estimate a skeletal age for each child 
(Roche et al., 1988); Fels assessments were not available for four boys and 
two girls. The radiographs were assessed by a single, experienced individual 
(MEPR; Peña Reyes, 1992; Peña Reyes and Malina, 2001).  

 
Chronological age (CA) was subtracted from skeletal age (SA) for each 

child to provide an estimate of the skeletal maturity status of each swimmer as 
follows: 

 
Late  (delayed) = SA behind CA by more than one year; 
Average  (on time) = SA within plus or minus one year of CA; 
Ear ly  (advanced) = SA ahead of CA by more than one year; and 
Mature  = skeletal maturity (an SA is not assigned). 

 
The cut-off points are arbitrary and a broad range of average ("on time") is 
preferred to allow for error in the assessments (Malina et al., 2004). 

 
The swimmers were divided into three chronological age groups for 

comparison. The age groups approximate, in general, those used in swimming 
competitions. Three groups were so designated in males: 8-10 years (n=20, 
8.0-10.9 years), 11-13 years (n=25, 11.1-13.9 years), and 14-17 years (n=21, 
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14.1-17.1 years). Two groups were designated in females: 8-10 years (n=14, 
8.3-10.9 years), and 11-14 years (n=10, 11.0-14.2 years). 

 
Heights and weights of the swimmers were compared to growth charts 

for American children (Centers for Disease Control and Prevention, 2000). 
Satisfactory reference data for Mexican children are not available. The 
reference values commonly used are based on a mixed-longitudinal sample 
from a private clinical practice in the Federal District in the 1960s and 1970s 
(Ramos Galvan, 1975), which may not be representative of the Mexican 
population. The United States reference values are routinely used in growth 
and nutritional surveys worldwide. 
 
RESULTS 
 
Male Swimmers . Descriptive statistics for the three age groups of male 
swimmers are summarized in Table 1. Mean heights approximate the 25th 
percentile of United States reference data in the two younger age groups, but 
is between the 10th and 25th percentiles in the oldest age group. Mean 
weights, on the other hand, are just below the reference median in the 8-10 
and 14-17 year age groups, but close to the 25th percentile in the 11-13 year 
age group. Swimmers in the two older age groups have, on average, 
proportionally longer legs than those in the youngest age group, which reflects 
growth in the lower extremities during the early part of adolescence (note, 
that the sample includes only few boys in late adolescence which is a period 
characterized by growth in length of the trunk).  
 
 

Table 1 . Means (standard deviations) of male swimmers in three age groups. 
 

 8-10 yrs 
(n=20) 

11-13 yrs 
(n=25) 

14-17 yrs 
(n=21) 

Age, yrs 9.9 (0.8) 12.3 (0.9) 15.7 (0.9) 
Height, cm 134.9 (5.0) 146.9 (9.7) 164.6 (6.2) 
Weight, kg 30.3 (5.3) 38.5 (9.1) 58.0 (9.4) 
BMI, kg/m2 16.6 (1.9) 17.7 (2.4) 21.3 (2.3) 
Sit Ht/Ht Ratio, % 52.5 (1.1) 51.7 (1.4) 51.7 (1.2) 
Endomorphy 2.4 (1.0) 2.4 (1.1) 2.5 (1.0) 
Mesomorphy 3.9 (1.1) 3.8 (0.8) 4.0 (0.8) 
Ectomorphy 2.8 (1.0) 3.0 (1.1) 2.3 (1.0) 

 
 
Mean somatotypes of male swimmers show small differences between the 
two younger age groups, whereas swimmers in the oldest age group slightly 
more mesomorphic but are especially less ectomorphic (Table 1). 
Mesomorphy is the dominant characteristic of swimmers in the three age 
groups. 
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Skeletal maturity status of the male swimmers is summarized in Table 2. 
Mean skeletal age is within plus or minus one year of mean chronological age 
in the three age groups. Allowing for the relatively small sample sizes, the 
majority of swimmers in each of the three age groups is classified as average 
or "on time".  Among 8-10 year old, late and early maturing swimmers are 
about equally represented. Among 11-13 year old swimmers, 9 are classified 
as late and only one as early maturing, whereas among 14-17 year old 
swimmers, 4 are classified as early and 3 are already skeletally mature, and 
none is classified as late maturing. There thus appears to be a shift towards 
boys of average and advanced maturity status in the oldest age group of 
swimmers.  
 
 
Table 2 . Means (standard deviations) of male swimmers in three age groups in chronological 
age [CA], Fels skeletal age [SA], and frequencies of skeletal maturity classification. 
 
 CA, yrs SA, yrs SA - CA, yrs Maturity Classification* 
8-10 yrs (n=17) 9.9 (0.9) 10.3 (1.8) 0.4 (1.8) 5 9 3 - 
11-13 yrs (n=23) 12.3 (0.9) 11.7 (1.6) -0.6 (1.1) 9 13 1 - 
14-17 yrs (n=21) 15.7 (0.9) - - - - - 14 4 3 
Not mature (n=18) 15.6 (0.9) 16.1 (1.3) 0.5 (1.1)     

*Maturity Classification: L=late (delayed), A=average ("on time"), E=early (advanced), M=mature, see text 
for specific criteria. 

 
 
Characteristics of 11-13 and 14-17 year old swimmers of contrasting maturity 
status are summarized in Table 3. Late and average maturing 11-13 year old, 
and average and early (including the skeletally mature) 14-17 year old 
swimmers are compared. Numbers in the youngest age group are too small 
for comparison. Within each age group, the more mature swimmers are taller 
and heavier, and have a larger BMI. The more mature 11-13 year old 
swimmers also have proportionally longer lower extremities (lower sitting 
height/standing height ratio), while the proportional difference is less 14-17 
year old swimmers. Late and average maturing 11-13 year old swimmers are, 
on average, similar in somatotype, whereas the more mature 14-17 year old 
swimmers are more mesomorphic and especially less ectomorphic. 

 
Female Swimmers . Descriptive statistics for the two age groups of 

female swimmers are summarized in Table 4. Mean heights and weights of 8-
10 year old swimmers fall just below the respective reference medians for 
American children. In contrast, mean height of swimmers 11-14 years 
approximates the 10th percentile of the reference, while mean weight is at the 
25th percentile of the reference. Swimmers in the older age group have 
proportionally longer legs than those in the younger age group, which is 
expected since they are likely in adolescence.  Mean somatotypes of female 
swimmers in the two age groups are virtually identical (Table 4). The 
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somatotype is mesomorphic with balanced contributions of endomorphy and 
mesomorphy 
 
 
Table 3 .  Means (standar deviations) of male swimmers 11-13 and 14-17 years grouped by 
maturity status. 
 
 11-13 Years 14-17 Years 
 Late  

(n=9) 
Average 
(n=13) 

Late 
(n=14) 

Average 
(n=7) 

CA, yrs 12.0 (0.8) 12.6 (0.9) 15.6 (1.0) 15.8 (0.7) 
SA, yrs 10.3 (0.9) 12.6 (1.2) 15.6 (1.1) - - 
SA - CA, yrs -1.7 (0.7) 0.0 (0.5) 0.0 (0.5) - - 
Height, cm 140.6 (4.6) 151.6 (9.7) 163.4 (6.2) 167.1 (5.7) 
Weight, kg 33.8 (4.1) 42.0 (9.9) 55.9 (10.3) 62.4 (5.6) 
BMI, kg/m2 17.1 (1.5) 18.1 (2.8) 20.8 (2.6) 22.3 (1.3) 
Sit Ht/Ht Ratio, % 52.1 (1.4) 51.5 (1.2) 51.8 (1.2) 51.5 (1.2) 
Endomorphy 2.4 (1.0) 2.4 (1.1) 2.5 (1.1) 2.3 (0.7) 
Mesomorphy 4.0 (0.9) 3.8 (0.9) 3.9 (0.9) 4.3 (0.6) 
Ectomorphy 2.9 (0.8) 3.0 (1.2) 2.5 (1.1) 1.9 (0.7) 
*This group includes three swimmers who are already skeletally mature. They do not differ in age from the 
four swimmers who are adanced in skeletal age. 
 
 

Table 4 . Means (standard deviations) of female swimmers in two age groups. 
 

 8-10 yrs  
(n=14) 

11-14 yrs  
(n=10) 

Age, yrs 9.5 (0.7) 12.8 (1.0) 
Height, cm 133.8 (5.0) 147.5 (5.4) 
Weight, kg 29.9 (6.0) 39.2 (5.9) 
BMI, kg/m2 16.7 (2.9) 17.9 (1.8) 
Sit Ht/Ht Ratio, % 53.0 (0.8) 51.7 (1.1) 
Endomorphy 2.7 (1.2) 2.8 (0.7) 
Mesomorphy 3.7 (0.8) 3.5 (0.8) 
Ectomorphy 2.9 (1.4) 2.9 (0.9) 
 

 
Table 5 . Means (standard deviations) of female swimmers in two age groups in chronological 
age [CA], Fels skeletal age [SA], and frequencies of skeletal maturity classification 
 
 CA, yrs SA, yrs SA - CA, yrs Maturity Classification* 
       L A E M 
8-10 yrs (n=12) 9.5 (0.7) 9.9 (8.8) 0.4 (0.7) - 11 1 - 
11-14 yrs (n=10) 12.8 (1.0) 12.7 (2.0) -0.1 (1.8) 4 4 2 - 

*Maturity Classification: L=late (delayed), A=average ("on time"), E=early (advanced), M=mature, see text 
for specific criteria. 

 
 
Skeletal maturity status of the female swimmers is summarized in Table 5. 
Mean skeletal age is within plus or minus one year of mean chronological age 
in the two age groups. Allowing for the relatively small sample sizes, 15 of the 
total sample of 22 swimmers have skeletal ages that are classified as average 
or "on time". It is perhaps interesting that none of the 8-10 year old female 
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swimmers are classified as late maturing. Among 11-14 year old female 
swimmers, all three maturity categories are represented. Note, however, that 
sample sizes are small, and the suggested trends need to be interpreted with 
care. Given the small numbers, comparison of female swimmers 11-14 years 
of age of contrasting maturity status is not warranted.  
 
 
DISCUSSION 
 
In contrast to more elite samples of swimmers from United States and 
Europe, the present sample of swimmers is, on average, shorter and lighter. 
However, mean somatotypes are reasonably similar to those of other samples 
of age-group swimmers (Carter and Heath, 1990). Comparative data for body 
size and somatotype of youth swimmers of both sexes in several Latin 
American countries are summarized in Tables 6-7.  
 
 
Table 6 . Mean ages. heights. weights. and somatotypes of samples of Latin American youth 
male swimmers. 
 
  Age Height Weight Somatotype* 
 n (yrs) (cm) (kg) Endo Meso Ecto 
This study 20 9.9 134.9 30.3 2.4 3.9 2.8 
This study 25 12.3 146.9 38.5 2.4 3.8 3.0 
Cuba (a) 14 12.5 149.1 40.7 2.2 4.0 3.3 
Venezuela (b) 22 13.8 158.2 46.5 1.8 4.3 3.7 
This study 21 15.7 164.6 58.0 2.4 4.0 2.3 
Venezuela(b) 17 17.2 175.6 68.0 2.2 4.9 3.0 
*Endo=endomorphy, Meso=mesomorphy, Ecto=ectomorphy; (a) Alonso, 1986; (b) Perez, 
1977; (c) Perez, 1981; (d) Pancorbo and Rodriquez, 1986; (e) Brief, 1986 
 
 
Table 7 .  Mean ages. heights. weights. and somatotypes of samples of Latin American youth 
swimmers. 
 
  Age Height Weight Somatotype* 
 n (yrs) (cm) (kg) Endo Meso Ecto 
This study 14 9.5 133.8 29.9 2.7 3.7 2.9 
Cuba (a) 9 12.5 148.2 42.0 2.8 3.3 2.6 
This study 10 12.8 147.5 39.2 2.8 3.5 2.9 
Cuba (d) 8 13.2 154.3 47.6 3.0 3.8 2.7 
Venezuela (b) 12 13.8 158.2 46.5 2.3 3.8 3.4 
Bolivar Games (e) 12 14.5 160.0 54.9 3.4 4.5 2.4 
Venezuela (c) 14 14.8 163.7 55.2 3.2 4.1 2.8 
*Endo=endomorphy, Meso=mesomorphy, Ecto=ectomorphy; (a) Alonso, 1986; (b) Perez, 1977; (c) Perez, 
1981; (d) Pancorbo and Rodriquez, 1986; (e) Brief, 1986 

 
 
The present samples of male Mexican swimmers 8-10 and 11 -13 years of age 
are, on average, similar in somatotype.  The somatotype of male Mexican 
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swimmers 11-13 years (mean age 12.3 years) is similar to that Cuban 
swimmers of approximately the same mean age (12.5 years, Alonso, 1986), 
although the Mexican swimmers are slightly shorter and lighter. The older 
sample of male Mexican swimmers, 14-17 years (mean age 15.7 years), falls 
between the two Venezuelan samples of more elite status in body size, but is 
less mesomorphic and particularly less ectomorphic. The younger sample of 
Venezuelan swimmers is from a private club (Perez, 1977), while the older 
sample is nationally representative (Perez, 1981). 

 
Female Mexican swimmers 8-10 and 11-14 years of age are, on 

average, similar in somatotype. The sample of female Mexican swimmers 11-
14 years (mean age 12.8 years) is intermediate in body size and somatotype 
to two samples of Cuban swimmers of approximately the same ages (Alonso, 
1986; Pancorbo and Rodriguez, 1986). The older samples of female Latin 
American youth swimmers are especially more mesomorphic than the female 
Mexican swimmers. The sample of swimmers from the Bolivar Games of 1981 
is most mesomorphic (Brief, 1986), followed by the nationally representative 
sample of Venezuelan swimmers (Perez, 1981). 

 
Data for more elite samples of European and Australian male age group 

swimmers indicate skeletal ages (SA) which are concentrated in the average 
and advanced categories with relatively few late maturing youngsters in late 
childhood and early adolescence (Malina, 1994). This trend is also apparent in 
male swimmers at the XII Central American Swimming Championships in 
1981 (Peña Reyes et al., 1984). After 14-15 years of age, elite male swimmers 
from the United States, Belgium, and the Central American Swimming 
Championships, and a small sample of Olympic swimmers under 18 years of 
age are advanced in skeletal maturity (Malina, 1994). The data for the present 
sample of non-elite Mexican males swimmers are generally consistent with 
these observations on more elite male swimmers, with the exception of the 
relatively large number of late maturing (n=9) 11-13 year old swimmers. 

 
The skeletal maturity data for the small sample of Mexican female 

swimmers is generally consistent with available data for more elite samples. In 
early adolescence, about 10-13 years, samples of elite female swimmers tend 
to have skeletal ages that are, on average, appropriate for their respective 
chronological ages, and most swimmers are classified in the average or "on 
time" category (Malina, 1994). On the other hand, skeletal ages of female 
participants 9-14 years of age in the XII Central American Swimming 
Championships in 1981 tended to be in advance of chronological age; at older 
adolecent ages, the elite swimmers tended toward late skeletal maturity status 
(Pena Reyes et al., 1984). 
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The trends suggested for the skeletal maturity of youth swimmers need 
to be interpreted with care. The present study used the Fels method of 
skeletal maturity assessment (Roche et al., 1988). The earlier studies used 
either the Greulich-Pyle (GP) or Tanner-Whitehouse (TW) methods (Malina, 
1994; see also Malina et al., 2004). Systematic comparisons of the methods of 
assessing skeletal maturity in samples of Mexican children are limited. In a 
sample of Mexican youth soccer players 7-17 years of age, SA-CA differences 
with the Fels and Tanner-Whitehouse II (TW II) methods were, on average, 
reasonably similar in players <11, 11-12, and >15 years of age. However, 
among players 13-14 years of age, the SA-CA difference was, on average, 
more than twice as great with the TW II method than with the Fels method. 
Moreover, six boys were assessed as skeletally mature with the TW II method, 
while only one boy was assessed skeletally mature with the Fels method (Peña 
Reyes et al., 1994). Comparison of the Fels and TW II methods in a sample of 
marginally nourished children 6-13 years of age from an urban colonia (slum) 
in Oaxaca, southern Mexico, indicated that Fels skeletal ages lagged 
consistently behind chronological ages more so than TW II skeletal ages in 
both sexes. However, the heights of the children were more appropriate for 
Fels skeletal ages than for TW II skeletal ages (Peña Reyes and Malina, 2001).  
 

Although each method of assessing skeletal maturity yields a skeletal 
age, the skeletal ages are not directly comparable. The three methods of 
assessment are similar in principle, but differ in criteria for making assessments 
and procedures used to construct a scale of skeletal maturity from which 
skeletal ages are assigned. Detailed comparison of the three methods is 
beyond the scope of this paper. The reader is referred to a more detailed 
discussion of the three methods, including the most recent revision of the 
Tanner-Whitehouse method (TW III), in Malina et al. (2004). Nevertheless, 
systematic comparison of the Fels and Tanner-Whitehouse methods in 
samples of young athletes in different sports and in different countries is 
needed. 
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Geografia Física e Riscos Naturais recupera dez pequenos trabalhos de 

investigação publicados pelo Autor entre 2001 e 2008, que são revistos e 

aumentados, e acrescenta-lhes um capítulo inédito, bem como as versões 

integrais de duas entrevistas concedidas recentemente. 

Salientam-se trabalhos precursores na área dos riscos naturais 

elaborados por diversos geógrafos portugueses, onde começa a aparecer 

a linguagem do risco, que logo se vai desenvolver num capítulo sobre 

a teoria do risco, apresentada, preferencialmente, a partir de casos 

de estudo bem conhecidos em Portugal. No respeitante à tipologia 

do risco, destacam-se riscos geomorfológicos, através de exemplos 

relacionados com movimentos de massa ocorridos tanto no território 

continental como na ilha de São Jorge, mas também de riscos de 

cheias e inundações, exemplificados com o caso do Baixo Mondego nas 

proximidades de Coimbra. Os vários riscos que se podem estudar nos 

litorais, aparecem com exemplos mais ou menos conhecidos do grande 

público, a várias escalas e em diversos locais do planeta, tal como, à 

escala da costa ocidental do nosso país, com o exemplo do risco de 

sedimentação na laguna de Aveiro. Os riscos ambientais são igualmente 

tratados, embora numa perspectiva geográfica, que implica o conceito 

de zonalidade e o de mudanças climáticas. Finalmente, a associação 

constante e exagerada dos conceitos de risco e de catástrofe, leva a 

uma reflexão sobre as três verdadeiras catástrofes que se verificaram em 

Portugal nos três últimos séculos. 

A introdução da obra refere-se à Geografia Física e a sua conclusão aos 

Riscos Naturais. Assim, de início, expõe-se uma metodologia que irá estar 

subjacente à maior parte dos trabalhos sobre riscos e, no fim, discute-se 

o que deverá ser um novo olhar sobre estes mesmos riscos. 

Não se pretende oferecer ao leitor uma bibliografia exaustiva sobre 

riscos naturais, mas as referências bibliográficas são em número elevado.

Os textos das referidas entrevistas são dados a conhecer em anexos.

 

Fernando Rebelo

Nasceu em Espinho (1943), fez os seus estudos primários e secundários 

no Porto e universitários em Coimbra, onde se licenciou em Geografia 

pela Faculdade de Letras (1966). Doutorou-se em Geografia Física (1975), 

pela Universidade de Coimbra. Foi, então, Professor Auxiliar (1975-1978) 

e Professor Extraordinário (1978-1982), sendo Professor Catedrático 

da mesma Faculdade desde 1982. É Sócio Correspondente Nacional da 

Academia das Ciências de Lisboa (1993). Foi Vice-Reitor (1986-1996) e 

Reitor (1998-2002) da Universidade de Coimbra, tendo sido condecorado 

com a “Grã Cruz da Ordem de Mayo al Mérito”, da Argentina (2001), 

bem como com a “Grã Cruz da Ordem Renascença do Piauí”(2001) 

e com o grau de “Grande Oficial da Ordem Nacional do Cruzeiro do 

Sul”, do Brasil (2002). Embora esporadicamente, leccionou cursos 

nas Universidades de Aveiro, Açores, Porto, Lisboa, Limoges e Paris I 

(Panthéon-Sorbonne), tendo proferido conferências em muitas outras, 

entre as quais 17 Universidades do Brasil, mas também em Universidades 

de outros países, como as de Manchester (Reino Unido), León, Huelva e 

Internacional da Andaluzia (Espanha), Nacional de Córdova (Argentina), 

Macau (RAM/China) e Estudos Estrangeiros de Quioto (Japão). Entre 

livros, capítulos de livros, artigos, notas e recensões, tem mais de 250 

títulos publicados. Em 1994, fundou a Territorium, Revista de Geografia 

Física Aplicada no Ordenamento do Território e Gestão de Riscos 

Naturais, hoje, Revista da Riscos, Associação Portuguesa de Riscos, 

Prevenção e Segurança, de que é Director. Integra o Conselho Científico 

dos Cadernos de Geografia, Revista do Departamento de Geografia 

da FLUC, o grupo de consultores da Finisterra, Revista Portuguesa de 

Geografia (desde 1995) e pertence ao “Consejo Asesor” da Polígonos, 

Revista de Geografia das Universidades de Castilla y León (desde 2003) e 

do Boletin de la Asociación de Geógrafos Españoles (desde 2008). 
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