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ÅMexico is considered a country with a big diversity of 

fishes in the world 



ÅThe central Mexico is one of the worldËs most extensive plateaus. 
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1 Sierra Madre Oriental 

2 Sierra Madre Occidental 

3 Escarpados del Sur 

4 Depresión del Balsas 



GOODEIDS 



Ecological and Biological importance of the goodeids 

The subfamily Goodeinae have  

Internal fertilization (1) 

Viviparity(2) 

Matrotrophy (by trophotaniae (3)) 
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The trophotaeniae are embryonic 

epithelial processes with an absorptive 

function during the ontogeny. 



Goodeids are particularly suitable models to test palaeohydrological hypothesis 

regarding Central Mexico because 

They are limited dispersal capacity 

Miocene origin 

Wide range of distribution across Cental Mexico 

High diversity 



For this reason the distribution patterns of species that have population in slope 

currently independient, can be explained by historical connections. 



The purpose of this work is to know about the evolutionary history of Xenotoca 

melanosoma population, throughout its range of distribution, and if is possible 

to associate it with geological and climatic events that have affected this area 

in the last two millions of years. 



Estudy Area 



Colima 
Rift 

Mazamitla 
Block 

Tepic-
Zacoalco 

block 

Jalisco 
Block 

Along with Zacoalco and 

Chapala Rifts form the 

triple Junction 



There is also a strong volcanic activity in the area due to the Colima 

Volccanic Complex (CVC) 



Habitat Rivers 

Ayuquila River 

Ameca River 

Tamazula River 



Lakes 

Zapotlan Lake 

Magdalena Lake 

Sayula Lake 



Spring 

Moloya spring 
San Sebastian spring 



Materials and Methods 

Fieldwork 



Laboratory work 

The DNA extraction was performed by the conventional phenol 

chloroform method 

For the amplification of DNA we used the Polymerase Chain 

Reaction 



Data Analysis 

For the Phylogenetic inference we used th Bayesian method and Maximum likelihood 

First select the model that best fit the data 

Genes used 

Cytochrome b 

Rhodopsin 

We visually alignment with BioEdit software 

Genetic differences were calculated with Mega software 

Network haplotypes were performed with TCS Software 



Morphometric Analysis 

We conducted Analysis of Variance to test sexual dimorphism  

To determine the variables that were contributing to variation in body 

shape was made a Principal Component Analysis (PCA) 

Was performed a Canonical Variance Analysis to determine the difference 

between the average of the grups 



We collectes in 2011 and 2012 at 13 different sites in 8 currently 

independent basins  



Obtained 109 mtDNA gene Cytochrome b and 33 nDNA gene Rhodopsine 

sequences 

AACATCTCAGTATGATGAAACTTTGGGTCTCTTCTAGGACTTTGTCTAATTACCCA 
AACATCTCAGTATGATGAAACTTTGGGTCTCTTCTAGGACTTTGTCTAATTACCCA 
AACATCTCAGTATGATGAAACTTTGGGTCTCTTCTAGGACTTTGTCTAATTACCCA 

Moreover we have 8 sequences from another nuclear locus ɓ-actine 



La Purísima x Sayula   17.667 Ñ 3.964  0.016 Ñ 0.004 0.011 Ñ 0.004 

La Purísima x Buena Vista  18.000 Ñ 3.988 0.017 Ñ 0.004 0.017 Ñ 0.004 

La Purísima x Zapotlán 16.000 Ñ 3.842 0.015 Ñ 0.004 0.015 Ñ 0.004 

La Purísima x Sacachales 9.000 Ñ 3.014 0.008 Ñ 0.003 0.008 Ñ 0.003 

La Purísima x San Sebastián 19.000 Ñ 4.145 0.017 Ñ 0.004 0.018 Ñ 0.004 

La Purísima x San Marcos 18.000 Ñ 3.988 0.017 Ñ 0.004 0.017 Ñ 0.004 

La Purísima x San Juan 18.500 Ñ 4.042 0.017 Ñ 0.004 0.017 Ñ 0.004 

La Purísima x Chapulimita 18.000 Ñ 3.996 0.017 Ñ 0.004 0.017 Ñ 0.004 

La Purísima x El Moloya 18.000 Ñ 4.083 0.017 Ñ 0.004 0.017 Ñ 0.004 

La Purísima x Ahualulco 17.000 Ñ 3.911 0.016 Ñ 0.004 0.016 Ñ 0.004 

La Purísima x Río Salado 17.000 Ñ 3.911 0.016 Ñ 0.004 0.016 Ñ 0.004 

La Purísima x Puente la Muerta 17.000 Ñ 3.911 0.016 Ñ 0.004 0.016 Ñ 0.004 

Sacachales x Sayula 22.667 Ñ 4.748 0.021 Ñ 0.004 0.021 Ñ 0.004 

Sacachales x Buena Vista 23.000 Ñ 4.744 0.021 Ñ 0.004 0.022 Ñ 0.005  

Sacachales x Zapotlán 21.000 Ñ  4.586 0.019 Ñ 0.004 0.020 Ñ 0.004   

Sacachales x San Sebastián 24.000 Ñ 4.811 0.022 Ñ 0.004 0.023 Ñ 0.005  

Sacachales x San Marcos 23.000 Ñ 4.744 0.021Ñ 0.004 0.022 Ñ 0.005 

Sacachales x San Juan 23.500 Ñ 4.783 0.022 Ñ 0.004 0.022 Ñ 0.005 

Sacachales x Chapulimita 23.000 Ñ 4.768 0.021 Ñ 0.004 0.022 Ñ 0.005 

Sacachales x El Moloya  23.000 Ñ 4.789  0.021 Ñ 0.004 0.022 Ñ 0.005 

Genetic Differences 



Phylogenetic relationships among the population analyzed was inferred whit 

Bayesian analysis and form two major clades with both genes 





The Haplotype network retrives the same relationships that occur in 

phylogenetic reconstructions 



Grupos ūst %Entre los grupos %Dentro de los 

Grupos 

% Entre las 

poblaciones en los 

grupos 

  

p 

Xenotoca 

melanosoma 

Xenotoca sp. 

  

.971 

  

82.60 

  

2.81 

  

7.59 

  

<0.005 

Genetic Structure 



Morphometric Analysis 

Male 

PC1= 

47.04% 

PC2= 
21.34% 

Female 

PC1= 

39.67% 

PC2= 
20.15% 

Principal Components 



Canonical Variance Analysis 

Wilk´ s lamda 0.24887 

Males 



Wilk´ s lambda 0.1695 

Females 



Males 



Females 



Divergence Times 





The formation of the principal clades in the populations are agree with the 

isolation of species co-distributed in the region 

Otherwise scenarios have been proposed in wich the formation of a Paleolake 

in Jalisco could be the xplanation for the void differentiation in the lakes where 

the species is distributed. There are  

There is a hypothesis that indicates the existence of a river that was serving as 

connection between SayulaËs lake and Coahuayana River 

Biogeographic Implications 




