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APRESENTAÇÃO

Las Ciencias Biológicas estudian los seres vivos y todas sus relaciones entre sí 
y con el medio ambiente. Es un campo muy amplio, que engloba diferentes áreas de 
conocimiento, y que puede ser aplicado en el área de la educación, la investigación, la 
bioconservación ambiental, la salud, etc.

El trabajo “Producción ciencia en Ciencias Biológicas” está enfocado a discutir la 
formación del conocimiento en varias áreas que conforman el gran dominio de las Ciencias 
Biológicas, brindando al lector una visión variada y amplia de lo que se produce en esta 
área en la actualidad. En este trabajo contamos con seis capítulos compuestos por artículos 
científicos originales basados en trabajos de investigación.

Los trabajos descritos en este libro abordan temas relacionados con las ciencias 
de la salud como microbiología, zoología y ecología de especies, botánica, divulgación 
científica, medio ambiente, biodiversidad y bioconservación. Esta multidisciplinariedad es 
de gran importancia, ya que la investigación con diferentes perspectivas profesionales 
tiende a proporcionar una visión más amplia y una mayor aplicabilidad en la vida cotidiana 
del lector.

Creemos que este trabajo enriquecerá su conocimiento y demostrará que la ciencia 
puede ser muy placentera. Atena Editora, buscando la calidad, tiene a su disposición un 
cuerpo editorial compuesto por maestros y doctores formados en las mejores universidades 
de Brasil, para la revisión de sus obras. Por lo tanto, está asegurado que tiene un trabajo de 
excelente calidad en sus manos. Esperamos que disfrute de su lectura. ¡Buenos estudios!

Daniela Reis Joaquim de Freitas
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Girardinichthys viviparus ENDEMIC 
SPECIES OF THE VALLEY OF MEXICO

ABSTRACT: A population of Chapultepec splitfin 
Girardinichthys viviparus was registered in the 
urban Lake Alameda Oriente. Biometry data for 
females and males are including for first time for 
this urban lake of Mexico City. The main causes 
of risk reported for this species in the aquatic 
system are water depletion and habitat alteration 
by treated wastewater used to keep the water 
level of lake.
KEYWORDS: Freshwater, urban lake, threatened 
species, fish.

Girardinichthys viviparous ESPECIE 
ENDÉMICA DEL VALLE DE MÉXICO

RESUMO: Uma população de Chapultepec 
splitfin Girardinichthys viviparus foi registrada 
no lago urbano Alameda Oriente. Os dados 
de biometria para mulheres e homens estão 
incluídos pela primeira vez neste lago urbano da 
Cidade do México. As principais causas de risco 
relatado para esta espécie no sistema aquático 
são o esgotamento da água e alteração do 
habitat por águas residuais tratadas usadas para 
manter o nível de água do lago.
PALAVRAS-CHAVE: Água doce, lago urbano, 
espécies ameaçadas, peixes.

INTRODUCTION
Mexico is among the five countries in 

the world with the highest biological diversity, 
not only because it has a large number of 
species, but also in terms of other aspects such 
as ecosystem and genetic variability (Neyra 
and Duran, 1998; Bezaury et al., 2000). In 
addition, the Mexican territory includes areas 
whose biodiversity is poorly known (CONABIO, 
2002). Family Goodeidae is between the most 
important Mexican freshwater fishes. This 
fish are grouped in only Mexicans who are 
characterized by sexual dimorphism, prenuptial 
courtship and viviparity, which lead to a series 
of morphological, anatomical and physiological 
characteristic of the group (Díaz-Pardo and 
Ortíz-Jiménez, 1986). Goodeidae family in 
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Mexico is represented by approximately 42 species viviparous fish (Paulo-Maya and Trujillo-
Jiménez, 2000), includes 36 live-bearing species largely confined to the Rio Lerma basin 
in the highlands of Central Mexico (Espinosa et al. 1993; Moyle and Cech, 2000; Miller 
et al., 2005; De la Vega-Salazar, 2006). At present, mexclapique or Chapultepec splitfin 
(Girardinichthys viviparus) is endemic to basin of Mexico: Lakes Xochimilco, Zumpango, 
Texcoco, Chapultepec (Alvarez del Villar and Navarro, 1957; cited in Sedeño-Díaz and 
López-López, 2009). Although Espinosa et al. (1993) cited to G. viviparus as endemic to 
the Valley of Mexico, also there are records that indicate their presence in the upper basin 
of Pánuco in the Tula River (Alvarez del Villar, 1970; Díaz, 2002) and Lake Tecocomulco 
(Miranda et al., 2009).

In Mexico, there has been no detailed limnological study (Arredondo-Figueroa and 
Flores-Nava, 1992, Martinez-Arroyo and Jáuregui, 2000; Schueler and Simpson, 2001), 
despite the biological and economic importance many inland water bodies and mainly 
in urban areas, and such bodies of water have been modified by the constant supply of 
nutrients (Quirós, 2007).

Urban lakes are important aquatic environments for large cities, because they are 
recreation areas for its inhabitants (Labounty, 1995; Elías-Fernández et al., 2006). They 
are very different from other lakes: they are shallow, vary greatly in size, depth, relationship 
drained area/surface water body, water balance, nutrient cycling and trophic status, highly 
artificial and often hypertrophic yet more people come into contact with them than rural, 
natural lakes. This aquatic system have received little attention in the limnological and 
watershed management literature, and our knowledge of their ecology and management is 
poor (Birch and McCaskie, 1999; Schueler and Simpson, 2001; Espinosa-Castillo, 2008).

Nowadays the urban lakes in Mexico City continue to play an important societal role 
as sources of fisheries, cultural and recreation, and they are highly valued by the Mexican 
people. They are also of great interest to aquatic scientists, having unique limnological 
and biotic characteristics and supporting numerous endemic species. We present a short 
communication on a threatened freshwater fishes from central Mexico.

MATERIALS AND METHODS
During an ongoing study of environmental quality and biota of Lake Alameda Oriente 

(Fig. 1), a total of 281 fishes were collected in two peripheral areas of Lake Alameda Oriente 
(19°26’N; 99°03’’ W; 2234 m.a.s.l.) in March 2008, with a seine 5 m long and 1.0 m deep, 
with 5 mm mesh. 81 specimens were fixed in 10 % formaldehyde. Specimens were then 
transported to the laboratory; measurements were made by vernier callipers reading to 0.1 
mm and weighed to the nearest 0.01 g and dissected to determine sex. Some specimens 
were returned to the water. The sex ratio was analyzed for the whole population. The 
statistical significance of the ratio results was established by a goodness of fit Chi-squared 
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test (χ²).
A covariance analysis was conducted to determine whether or not there were 

significant differences at p<0.05 for the length-weight relationship between both sexes. The 
Total length (TL)-total body weight (TW) relationship was calculated by a power regression 
between these variables for each sex using the formula:

TW = aTLb
where TW is the body weight, SL the standard length, b the growth exponent or 

length-weigh factor, and a is a constant. The values of a and b were estimated by means 
of a linearized form of that equation by taking (base 10) logarithms on both sides and 
estimating the values of log (a) and log (b) by means of a linear regression, using ordinary 
least-squares regression. Student’s t-test was used to the hypothesis of isometric growth 
(Pauly, 1984). The catalogue number of voucher specimens is IB-UNAM 14728.

Fig. 1 Study area of Alameda Oriente urban lake.

RESULTS
Among the fishes captured, 81 specimens of Chapultepec splitfin Girardinichthys 

viviparus (Bustamante 1837) were identified following the descriptions provided in previous 
publications (Alvarez del Villar, 1970; Radda and Meyer, 2003; Miller et al., 2005) such 
as the black colour of the breeding male; the presence of 18–26 rays in the anal fin; dark 
blotch above anus small and inconspicuous or absent; fin base longer than longest rays 
and dorsal and anal base with the same length in males; rudimentary gonopodium with 
6–8 anal branched and short rays, separated by notch from remainder of fin. Diagnosis 
and measurements are given in Table 1. Some specimens were deposited in the Fishes 
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Laboratory of Biology Institute, U.N.A.M., in order to check the identity of the species.
These data constituting the first record of total body length (TL), standard body 

length (SL), and body weight (TW) for males and females of this species in the urban lake. 
Total body length and weight ranged from 18 to 49 mm and 0.07 to 1.92 g for males, and 
from 20 to 61 mm and 0.06 to 3.98 g for females. Females were larger than males (t-value 
= 10.78; p<0.05) (Fig. 2). 
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Fig. 2. Length-frequency distribution of Girardinichthys viviparus at Alameda Oriente urban lake, Mexico 
City.

Of the 81 adults specimens dissected, 24 (29.6%) were males and 57 (70.4%) 
were females. The sex ratio of the catch as a whole was 2.4:1 (female:male), significantly 
different from a 1:1 ratio (χ²= 13.44, p<0.05). The females dominated significantly in this 
aquatic system in the monitoring.

Lt(mm) Ls(mm) Bw(mm) D P V A C

Females 35.9±9.7
(20-61)

30.6±8.7
(17-53)

8.4 ±3.4
(4-17)

19±0.8
(18-21)

16±0.5
(15-16)

6±0.4
(5-6)

20±1.1
(18-23)

29±1.9
(24-31)

Males 27.7±6.9
(18-49)

23.1±6.2
(15-42)

5.7 ± 2.6
(3-13)

19±1.0
(18-20)

16±0.5
(15-16)

6±0.2
(5-6)

20±1.0
(19-22)

27±1.8
(24-30)

Table 1. Lengths (mm), weight (g) and meristic traits of Girardinichthys viviparus specimens studied 
from Lake Alameda Oriente, distinguishing males (n = 24) and females (n = 57). Values are means ± 

S.D., range in parentheses.
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LT, total length; LS, standard length; Bw, body weight; D, dorsal fin rays; P, pectoral 
fin rays; V, ventral fin rays; A, anal fin rays; C, caudal fin rays.

Length-weight relationship: This relation was evaluated for all individuals, and 
for each sex separately (females and males), although there is not significant difference 
between the male and female slopes of TW-TL regressions (ANCOVA; F = 0.18, p>0.05). 
These equations are given below:

Females: TW = 0.000003 TL 3.445; R ² = 0.980, p<0.05
Males: TW = 0.000006 TL 3.267; R ² = 0.937, p<0.05
All fishes: TW = 0.000004 TL 3.402; R ² = 0.975, p<0.05

Weight increased allometrically with size (Fig. 3), since b value had a significant 
difference from 3 (t = 8.049, p<0.05 for females, and t = 2.816, p<0.05 for males). For the 
same length, females weight were equals than males.

Fig. 3. Length-weight relationship for females (A) and males (B) of Girardinichthys viviparus.

DISCUSSION
The specimens collected in Lake Alameda Oriente were bigger in contrast with those 

reported by Miranda et al. (2008) and Sedeño-Díaz and López-López (2009). Probably, in 
this aquatic system the fishes have good environmental and trophic condition to survive, it 
has to adapt to a stressful environment for the type of treated wastewater used to keep the 
lake level, mainly in dry season.

Nikolsky (1963) mentioned that the larger sizes of females result from a differential 
growth rate with respect to males. In our study, females probably have higher survivorship 
rates due to their larger size, are longer-lived than males, and are more resistant to the rigors 
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of reproductive effort. Cházaro (1989) cited that the larger size of C. jordani is influenced 
by changes in the food supply and represents an adaptive response of the population to 
environmental changes, as in this urban lake occurred.

Sex ratio for G. viviparus in Alameda Oriente urban lake indicates that males 
and females have different abundances, and in this case deviation from the expected 
1:1 (male:female) was significant. Nikolsky (1963) pointed out that the sex ratio varies 
considerably from one species to another, but in the majority of cases it is close to one, 
and may vary from one year to the next in the same population. Moreover, in this study the 
female:male sex ratio was 2.4:1 and variations in sex ratio could reflect natural population 
dynamics.

With respect to a differential sex distribution, van Aerle et al. (2004), Devlin and 
Nagahama (2002) and Guerrero-Estévez and Moreno-Mendoza (2009) pointed out that 
there is a large variety of mechanisms of sexual determination. These may be genetic, or 
depend on environmental conditions such as temperature, pH, and community factors, all 
of which can influence sexual proportion in a population. In addition, van Aerle et al. (2004) 
cited that there are a wide range of chemicals discharged into the environment that mimic 
hormones, especially estrogens, and sex steroids play an important role in the regulation of 
sexual differentiation, and this could be affect to the population.

Respect to the relationship between length and weight, Ricker (1979) mentioned 
that when fish have a b coefficient value significantly different from three, the growth is 
allometric. This is the case of the present study, body grows slower in length than weight, 
and an exponent more greater than 3 would indicate that the fish becomes heavier as it 
increases in size. Probably in this aquatic system the population has acceptable conditions 
of food. In addition, the relationship between length and weight provides an index frequently 
used by fisheries biologists to quantify the state of well-being of a fish (Wootton, 1990).

Lake Alameda Oriente is an artificial water body in the basin of Valle de Mexico. 
This basin covered the region that now is the modern Mexico City and environments. The 
other former bodies of water that formed the Gran Cuenca now are either greatly altered or 
extremely contaminated by secondarily-treated wastewater (Elías-Fernández et al., 2006).

Lake Alameda Oriente varies from 8 to 9 ha, depending on the quantity of seasonal 
rainfall and domestic wastewater that receives. The lake has turbid and shallow waters, 
normally with 0.5–1.5 m maximum depth. Water temperature between 16 to 25 °C, dissolved 
oxygen range from 0.63 to 24.9 mg/L, pH alkaline (mean 9.8 units), sodium, bicarbonates, 
carbonates and sulphates are the dominant ions and bigger proportions of calcium, and 
magnesium are present (Montaño, 2010).

The natural distribution of G. viviparus was restricted to two localities in the central 
and southern parts of the central basin of Mexico, Lakes Texcoco and Zumpango (Miller et 
al., 2005). According to literature, G. viviparus has been reported around of Mexico City, 
Lake Chalco, Lake Xochimilco, Lake Chapultepec, Requena reservoir, and Lake Texcoco 
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(Navarrete et al., 2003). Recently this species has been discovered and reported by 
Miranda et al. (2008) in Lake Tecocomulco, Hidalgo, which is the only remaining natural 
water body in the Valle de Mexico basin (Caballero et al., 1999). However, Navarrete et al. 
(2003), Navarrete et al. (2004) and Sedeño-Díaz and López-López (2009) mentioned that 
G. viviparus is known to be extinct in Lake Zumpango and Requena reservoir, as a result of 
receives domestic and industrial wastewater.

Direct anthropogenic effects have altered and contaminated its natural environment 
(Contreras-Balderas et al., 2003; Navarrete et al., 2004; Contreras-Balderas, 2005; De la 
Vega-Salazar, 2006) and in particular as a result of water exploitation for urban, agricultural 
and industrial needs (Díaz-Pardo and Ortíz-Jiménez, 1985; De la Vega-Salazar, 2006). 
Furthermore, it is under considerable pressure from a range of anthropogenic activities, 
including water extraction for consumption, habitat degradation by pollution, reductions in 
surface water levels and the introduction of exotic species mainly (Soto-Galera and Paulo, 
1995; Lyons et al., 1998; Contreras-Balderas, 2005; De la Vega-Salazar and Macías-García, 
2005; Contreras MacBeath and Rivas, 2007).

G. viviparus is an endangered goodeid with an extremely reduced range of distribution 
in the Mexican plateau, only known from a few locations near to Mexico City (Navarrete et 
al., 2003; Navarrete et al., 2004). This species has been catalogued as part of the numerous 
threatened freshwater fishes of Mexico (Williams and Miller, 1990; Contreras-Balderas et 
al., 2003; Contreras-Balderas, 2005; Sedeño-Díaz and López-López, 2009; Diario Oficial, 
2010).

Nowadays, this species appears to be abundant in Lake Alameda Oriente, but due 
to the protected status of the species an attempt was made at this time to provide a more 
precise estimation of population biology with the not many data obtained. The greatest 
threats to the long-term existence of G. viviparus in the lake emerge from tourist activities 
and their effect on the lake habitat such as irrigation for surrounding fields. Lake Alameda 
Oriente should be protected as it hosts the largest population of G. viviparus ever discovered. 
Urgent conservation and management measures are needed to preserve both the volume 
of the body of water and its quality as a natural habitat for this species.

In all countries, a conservation strategy should be developed to protect remaining 
natural communities that support a relatively intact native fish fauna. The introduction and 
establishment of non-native species have resulted in severe declines of native fishes in 
México (Contreras-Balderas, 2005; Contreras MacBeath and Rivas, 2007). 

Canonico et al. (2005), Gozlan (2008) and Schlaepfer et al. (2011) mentioned that 
non-native species can cause the loss of biological diversity (i.e., genetic, species, and 
ecosystem diversity) and threaten the well-being of humans when they become invasive. 
However, in some cases, they can also provide conservation benefits. Non-native species 
can also have desirable effects on an ecosystem. Numerous species have been repeatedly 
and deliberately introduced outside their native range for agricultural, ornamental, 



 
Producción científica en ciencias biológicas Capítulo 4 41

aquaculture and recreational purposes. As a result non-native species are integral to the 
culture and economies of most countries.

 Freshwater ecosystems in Mexico are specifically vulnerable due to degradation 
and exploitation to be subject, making it difficult to establish conservation strategies for 
species of this family. However, it is necessary to recognize the importance of developing 
specific programs to protect water quality and habitat, and to ensure the conservation of 
flora and fauna of freshwater. The destruction of biotopes all around Mexico City is dramatic 
and gets worse rapidly. The last surviving fish species endemic to the basin of Mexico 
requires urgent protection of its population as cited by Miranda et al. (2008) and Sedeño-
Díaz and López-López (2009).
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