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Abstract. A genetic and morphometric study of populations of Zoogoneticus quitzeoensis (Bean, 1898) from the Lerma 

and Ameca basins and Cuitzeo, Zacapu and Chapala Lakes in Central Mexico was conducted. For the genetic analysis, 7 

populations were sampled and 2 monophyletic groups were identifi ed with a genetic difference of D
HKY

= 3.4% (3-3.8%), 

one being the populations from the lower Lerma basin, Ameca and Chapala Lake, and the other populations from Zacapu 

and Cuitzeo Lakes. For the morphometric analysis, 4 populations were sampled and 2 morphotypes identifi ed, 1 from La 

Luz Spring in the lower Lerma basin and the other from Zacapu and Cuitzeo Lakes drainages. Using these 2 sources of 

evidence, the population from La Luz is regarded as a new species Zoogoneticus purhepechus sp. nov. The new species 

differs from its sister species Zoogoneticus quitzeoensis in having a shorter preorbital distance (Prol/SL x  = 0.056, SD = 

0.01), longer dorsal fi n base length (DFL/SL x  = 0.18, SD = 0.03) and 13-14 rays in the dorsal fi n. The new species differs 

from both members of its sister taxon (Zoogoneticus tequila and Z. quitzeoensis) at 10 fi xed nucleotide positions in the 

cytochrome b gene. We have determined that Zoogoneticus purhepechus is distributed in the lower Lerma, upper Ameca, 

Armeria and Santiago river basins, and Chapala Lake. This new species should be considered endangered of extinction 

according to the criteria of the MER (Aii,Bi,Ci,Di) and for the IUCN (A-1,b,c,e). 
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Resumen. Se realizó un estudio genético y morfométrico en poblaciones de Zoogoneticus quitzeoensis (Bean, 1898) 
pertenecientes a las cuencas de los ríos Lerma y Ameca y los lagos de Cuitzeo, Zacapu y Chapala en el centro de México. 

Para el análisis genético se analizaron 7 poblaciones, identifi cándose 2 grupos monofi léticos bien diferenciados, con 

distancias genéticas entre ellos de D
HKY 

= 3.4% (3-3.8%), uno de los grupos se distribuye por las cuencas de los ríos Ameca 

y bajo Lerma y en el lago de Chapala, mientras que el otro incluye las poblaciones de los lagos de Zacapu y Cuitzeo.  Se 

emplearon 4 poblaciones para los análisis morfométricos identifi cándose 2 morfotipos, 1 de la localidad del manantial La 

Luz en la cuenca del bajo Lerma y el otro a los lagos de Zacapu y Cuitzeo. Con estas 2 fuentes de evidencia, la población 

de La Luz es considerada como una nueva especie Zoogoneticus purhepechus n. sp. La especie nueva difi ere de su especie 

hermana, Z. quitzeoensis por tener una distancia preorbital más corta (PrOL/SL x = 0.05 -0.06), la  base de la aleta dorsal  

más larga (DFL/SL x = 0.17-0.20) y presentar entre 13 y 14 radios en la aleta dorsal. La especie nueva difi ere de las 2 

especies descritas en el género (Zoogoneticus tequila y Z. quitzeoensis) en 10 posiciones nucleotídicas fi jadas para el gen 

citocromo b. Zoogoneticus purhepechus se distribuye por las cuencas de los ríos Ameca, Armería, Santiago y bajo Lerma, 

así como en el lago de Chapala. Z. purhepechus debe ser considerada en peligro de extinción de acuerdo a los criterios del 

MER (Aii,Bi,Ci,Di) y de la UICN (A-1,b,c,e).

Palabras clave: Zoogoneticus,  cytochrome b, Mesa Central, México, morfometría. 

_
_

_
_

Introduction

The Mesa Central of Mexico is characterized by its 

high diversity of freshwater fi shes (Barbour, 1973; Echelle 
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and Echelle, 1984; Domínguez-Domínguez et al., 2005). 

A total of 100 native species have been reported, of which 

70% are endemic (Guzmán-Arroyo, 1994). This important 

biological diversity has been attributed to the complex 

geological and zoogeographic history of central Mexico 

(Miller and  Smith, 1986; Domínguez-Domínguez et al., 

2006a). Of the endemic fi sh fauna of the Mesa Central, 

the cyprinodontiform fi sh subfamily Goodeinae (family 

Goodeidae) is one of the most diverse and interesting.  

The subfamily exhibits internal fertilization, matrotrophy 

and viviparity (Parenti, 1981; Grudzien et al., 1992). When 

the genus Zoogoneticus Meek, 1902, was described, the 

14 species of goodeines were included in the Poeciliidae, 

which also comprised the presently recognized families 

Profundulidae, Fundulidae, Rivulidae, Cyprinodontidae, 

and Anablepidae (sensu Parenti, 1981). Meek (1904) 

placed Fundulus robustus Bean 1892, Platypoecilus 

quitzeoensis Bean, 1898 and Fundulus dugesii Bean, 1887 

in Zoogoneticus, and simultaneously described 2 new 

species (Z. diazi Bean, 1887 and Z. miniatus Bean, 1887).

Regan (1908) proposed the synonymy of Z. miniatus 

with Z. diazi and Z. maculatus Regan 1904 with Z. robustus 

(Bean, 1892). The revision by Hubbs andTurner (1939), 

based on the anatomy of the ovary and the trophotaeniae, 

restricted the genus to include only Z. quitzeoensis (Bean, 

1898), removing other taxa to what are presently 3 different 

genera of goodeines (Allotoca Hubbs and Turner, 1937, 

Alloophorus Hubbs and Turner, 1937 and Allodontichthys 

Hubbs and Turner, 1937). Based on molecular characters 

the genus Zoogoneticus is currently placed in the tribe 

Chapalichthyini (sensu Doadrio and Domínguez, 

2004).  The genus is currently comprised of the species 

Z. quitzeoenesis and Z. tequila Webb and Miller, 1988. 

Zoogoneticus quitzeoensis is widely distributed in Central 

Mexico whereas Z. tequila has a restricted distribution. The 

former is considered endangered and the second has been 

considered extinct in the wild (Espinosa-Pérez et al., 1993; 

Webb and Miller, 1998; SEMARNAT 2002), although a 

small and restricted population was recently reported (De 

la Vega-Salazar et al., 2003). Genetic studies have shown 

that populations of Z. quitzeoensis have a geographical 

structure with a consistently high degree of genetic 

divergence among populations (Doadrio and Domínguez, 

2004; Domínguez-Domínguez et al., 2007).

The causes of the ancient population structure may be 

explained by several volcanic and tectonic events during 

the Plio-Pleistocene; the population has been subject to 

different events of dispersion and vicariance that differ 

in spatial and temporal scale (Domínguez-Domínguez et 

al., 2006a). Thus, genetic and morphological differences 

within and between populations have been observed in 

other non-goodeid fi shes from Central Mexico including 

Poeciliopsis infans (Woolman, 1894) (Mateos et al., 2002) 

and the genus Notropis Rafi nesque 1818 (Schönhuth and 

Doadrio, 2003).

According to a phylogenetic hypothesis proposed 

by Doadrio and Domínguez (2004), the westernmost 

populations of Z. quitzeoensis are genetically different 

from populations from the Lake Zacapu and La Mintzita, 

the latter in the Lake Cuitzeo systems. These results 

suggest that a morphological and more extensive 

molecular revision of Zoogoneticus needs to be conducted 

to better establish the taxonomic identity of the different 

populations of the genus that still exist in nature. These 

patterns of variation between population in the lower 

and middle Lerma drainages, with evidence of separated 

closely related clades, are paralleled by the sister species 

Skiffi a lermae Meek 1902, and S. multipunctata (Pellegrin, 

1901). It is hypothesized that both groups of species owe 

their origins to the same vicariant event between 1 and 3.5 

Mya (Domínguez-Domínguez et al., 2006a).

The purpose of this study, therefore, is to analyze the 

morphologic and genetic differences among populations 

of the genus Zoogoneticus and to provide the description 

of a newly recognized species. 

Materials and methods

The study was based on specimens collected using 

hand and seine nets and electrofi shing. All of the sampled 

specimens were preserved in 70% ethanol. Voucher 

specimens are housed at the Universidad Michoacana de 

San Nicolás de Hidalgo (CPUM), the Museo Nacional de 

Ciencias Naturales de Madrid (MNCN) and the Instituto 

de Biología, Universidad Nacional Autónoma de México 

(CNP). The tissues used in genetic analysis are housed 

at the Museo Nacional de Ciencias Naturales de Madrid 

(voucher numbers MEX 38, 4271, 4272, 506 and 508).

Morphological analysis. Specimens from the type locality 

(San Cristobal, Cuitzeo Lake, Michoacan) and 3 other 

populations of Z. quitzeoensis, (La Luz-Spring, Zamora, 

Michoacan; La Mintzita Spring, Morelia, Michoacan and 

Zacapu Lake, Zacapu, Michoacan) were analyzed (Table 

1 and Fig. 1). Twenty morphometric characters were 

measured with digital calipers (0.01 mm) and 4 meristic 

variables were recorded using a stereoscopic microscope. 

The abbreviations used for morphometric variables are: 

SL, standard length; HL, head length; PrOL, preorbital 

length; ED, eye diameter; InOW, interorbital width; BD, 

body depth; BLD, body least depth; PAD, pelvic-anal fi n 

distance; PDD, pelvic-dorsal fi n distance; PODE, pelvic 

fi n origin to dorsal fi n posterior extent distance; DAD, 

dorsal-anal fi n distance; DOAE, dorsal fi n origin to anal fi n 



Revista Mexicana de Biodiversidad 79: 373- 383, 2008                   375

Table 1. Localities and sample sizes for Zoogoneticus spp. populations used for morphometric, meristic and genetic analysis. 
*Correspond to the type locality for Z. quitzeoensis. ** Correspond to the type locality for Z. tequila. ***Correspond to the type locality 
for Z. purhepechus sp. nov. +Correspond to sequences obtained from Genbank

Zoogoneticus spp Morphometrics Meristics Genetics

Locality                                Drainage Males Females Males Females

1. *San Cristobal Spring    Cuitzeo Lake 5 11 5 11 2

2. La Mintzita Spring         Cuitzeo Lake 16 16 16 16 1+

3. Zacapu Lake Middle Lerma River 11 7 11 7 2+

4. ***La Luz Spring Lower Lerma River 15 14 15 14 1

5. Orandino Spring Lower Lerma River ---- ---- ---- ---- 2

6. Jaripo Stream Chapala Lake ---- ---- ---- ---- 1+

7. ** El Rincon Spring Ameca River ---- ---- ---- ---- 2+

Figure 1. Distribution range of Zoogoneticus quitzeoensis; open circles correspond to historical occurrence points where specimens 
have not been collected in the last 5 years, solid circles correspond to sites where specimens were collected in the last 5 years. For Z. 
purhepechus, open boxes correspond to historical occurrence points where specimens have not been collected in the last 5 years, solid 
boxes correspond to sites where specimens were collected in the last 5 years. Numbers correspond to localities shown in Table 1.
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posterior extent distance; DFL, dorsal fi n length; DEAO, 

dorsal fi n posterior extent to anal fi n origin distance; AFL, 

anal fi n length; AEDE, anal fi n posterior extent to dorsal fi n 

posterior extent distance; EDUP, end of  dorsal fi n-upper 

extreme of caudal peduncle distance; EDLP, end of dorsal 

fi n-lower extreme of caudal peduncle distance; EAUP, end 

of the anal fi n-upper extreme of caudal peduncle distance; 

EALP, end of the anal fi n- lower extreme of caudal peduncle 

distance. The abbreviations for meristic characters are: D, 

dorsal fi n rays; A, anal fi n rays; P, pectoral fi n rays; GR, 

gill rakers. All the measurements are in millimetres.

A two-way analysis of variance (ANOVA), 

comparing both morphometric and meristic characters, 

was conducted to test sexual dimorphism and variation 

between populations. Burnaby’s method was used to 

correct size effect (Burnaby, 1966; Rohlf and Bookstein, 

1987; Doadrio et al., 2002). All analyses were conducted 

with the corrected matrix. To identify the variables that 

contributed most to the variability between populations, a 

principal components analysis (PCA) was conducted using 

the covariance matrix for morphometric characters and the 

correlation matrix for meristic characters. The classifi catory 

hypothesis obtained by PCA was tested by a discriminate 

function analysis (DFA). All analyses were conducted with 

the statistics packages NTSYS v.2.1 (Rohlf, 2000) and 

SPSS v.13.0. Both sets of characters, morphometric and 

meristic, were analyzed independently. Because of sexual 

dimorphism involved in the morphometric measurements, 

these were analysed separately for males and females.

Genetic analysis. Six sequences of the gene Cytochrome 

b of Zoogoneticus spp. from different localities (Table 

1 and Fig. 1) were obtained from GenBank (AF510751-

AF510755 and AF510757) and 1 was obtained for 

the outgroup (Xenoophorus captivus (Hubbs, 1924), 

AF510758). The other sequences (including specimens 

from the type locality of the new species and specimens 

from the type locality for Z. quitzeoensis) were obtained 

using the following protocol. Total cellular DNA was 

isolated from tissues by a standard proteinase K and 

phenol/chloroform extraction method (Sambrook et al., 

1989). Two overlapping fragments of the cytochrome b 

gene (total of 1140 bp) were amplified via polymerase 

chain reaction (PCR) for each individual DNA sample.

The primers used for cytochrome b in all species were 

those discussed in Machordom and Doadrio (2001). The 

amplification process was conducted as follows: 94 ºC 

(2 min), 35 cycles at 94 ºC (45 s), 48 ºC (1 min), 72 ºC 

(90 s), and 72 ºC (5 min). PCR mixtures were prepared 

in 25 μl reactions with a final concentration of 0.4 μM of 

each primer, 0.2mM of each dNTP, 1.5mM MgCl2, and 

1U of Taq DNA polymerase (Biotools). PCR products 

were checked on 1.5% agarose gels, and cloned using the 

pGEM-T vector (Promega) into Escherichia coli JM109. 

Positive clones were sequenced using the Big Dye Deoxy 

Terminator cycle-sequencing kit (Applied Biosystems). 

DNA sequences of both strands were obtained using M13 

universal (forward and reverse) sequencing primers. All 

samples were sequenced on an Applied Biosystems 3700 

DNA sequencer following manufacturer’s instructions. 

Chromatograms and alignments were visually checked.

The model of DNA substitution that best fi tted the data 

set was selected using Modeltest 3.7 (Posada and Crandall 

1998) using the Bayesian information criterion (BIC). The 

aligned data were analysed with the Bayesian inference 

method with the program Mr. Bayes 3.1.1 (Hueselsenbeck 

andRonquist, 2001) by simulating a Markov chain for 

1,000,000 cycles. Based on the HKY+G model obtained 

by Modeltest, a genetic distance between the 2 groups was 

obtained using the program Sequencer 6.1.0 (written by B. 

Kessing and available at http://nmg.si.edu/). 

Results

Morphometrics. Analysis of variance showed signifi cant 

differences (≤ 0.05) between species for most of the 

morphometric variables mainly due to differences in 

standard length, except for the dorsal-fi n origin to end of 

the anal fi n. We inferred from this result that the longer 

dorsal-fi n base in Z. purhepechus n. sp. infl uences the 

DOAE measurement 0.32-0.25 (x = 0.29) (Table 2). 

ANOVA for sexual dimorphism showed signifi cant 

differences in all variables except in the end of the anal-fi n 

to end of the dorsal-fi n distance, thus showing that females 

have a narrower caudal peduncle than males.

The interaction between populations and sexes in most 

of the morphometric characters do not show signifi cant 

differences, except for preorbital length. On the contrary, 

in the meristic characters, the signifi cant differences are 

only between populations (Table 2). These results justify 

the separation of morphometric but not meristic analyses 

by sex.

In an exploratory PCA with the morphometric 

measurements, PCI explains 90.29% of the variation 

in males and 90.03% in females; for both sexes, the 

eigenvectors show closed values with the same symbol, 

suggesting an infl uence of the standard length in the results 

(Doadrio et al., 2002). A second PCA with a Burnaby 

corrected matrix, accumulates 45.53% of the variance in 

the PCII in males and 52.42% in females. For males, the 

high values in eigenvectors were preorbital length, dorsal 

fi n length and anal fi n length in the PCI, and interorbital 

width and FAD-ESPC in the PCII. For females, the high 

values in eigenvectors were preorbital length, dorsal fi n 

_
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length and FAD-ESPC in the PCI, and anal fi n length in 

the PCII (Table 3). In both sexes, the variation patterns 

were determined by the preorbital length and dorsal fi n 

length in the PCI. This analysis shows a clear tendency 

to form 2 groups (ellipses in Fig. 2 A and B), from the 

lower Lerma basin (La Luz Spring) and middle Lerma 

(San Cristobal and La Mintzita Springs in the Cuitzeo 

drainage and Zacapu Lake). With respect to the PCA 

with meristic characters, PCII accumulates 76.05% of the 

explained variance, and the high values in the eigenvectors 

were dorsal fi n rays and gill rakers in the PCI, and pectoral 

fi n rays in the PCII (Table 4). Similar to morphometric 

characters, the meristic characters show a variation pattern 

with the formation of 2 groups (ellipses in Fig. 3).

Starting with the classifi catory hypothesis (formation 

of 2 groups), the DFA shows a signifi cant difference (α≤ 

0.05) with the intermediate distances of morphometric 

characters in males (P= 0.003) and females (P= 0.010), 

and with the meristic characters (P= 0.000). These results 

_

_
_

_
_

_

_
_

_

_

Table 2. Two-way analysis of variance testing for sexual 
dimorphism, population variation and their interaction (Pop*Sex). 
n.s. not signifi cant differences. Mean squares from SigmaStat v. 
3.0.1. 

Variable Population Sex Pop*Sex

Meristics

D 0.0210 0.000112n.s. 0.000617n.s.

A 0.000719n.s. 0.000141n.s. 0.000800

P 0.00282 0.0103 0.00259

GR 0.0131 0.000697 n.s. 0.000822 n.s.

Morphometrics

SL 0.0948 0.139 0.00403n.s.

HL 0.0935 0.0734 0.00715n.s.

PrOL 0.166 0.0761 0.0279

ED 0.0926 0.0408 0.00884n.s.

InOW 0.112 0.0791 0.00903n.s.

BD 0.128 0.103 0.0102 n.s.

BLD 0.0557 0.0376 0.00917 n.s.

PAD 0.0951 0.181 0.0147n.s.

PDD 0.114 0.113 0.00770n.s.

PODE 0.103 0.107 0.00845n.s.

DAD 0.114 0.0547 0.0128n.s.

DOAE 0.121n.s. 0.102 0.0122n.s.

DFL 0.133 0.0502 0.0110 n.s.

DEAO 0.111 0.0855 0.00851n.s.

AFL 0.124 0.000000381n.s. 0.00390 n.s.

AEDE 0.0925 0.139 0.00629n.s.

EDUP 0.0706 0.139 0.00833n.s.

EDLP 0.0839 0.145 0.00514n.s.

EAUP 0.0933 0.148 0.00327n.s.

EALP 0.0838 0.145 0.00314 n.s.

agree with the proposed classifi catory hypothesis and 

corroborate the variation pattern found in the PCA.  

Genetics. In the data set, 106 characters were variable, and 

35 were parsimony informative. Third codon positions 

were the most informative characters (24 informative 

characters), followed by the fi rst codon position (10 

characters). Saturation of transition and transversion 

changes was checked by plotting the absolute number of 

changes of each codon position against patristic distances. 

There was no ingroup evidence of saturation at any of the 

3 positions (not shown). The HKY-G model was selected 

as the best fi t to the data set. Rate matrix parameters 

were: -lnL = 2205.0105; K = 5; BIC = 4456.7324. The base 

frequencies were: freqA = 0.2522; freqC = 0.2685; 

freqG = 0.1390; freqT = 0.3402. Among-site rate variation 

was approximated with gamma distribution shape 

parameter α = 0.1976. The phylogenetic tree obtained 

by the Bayesian analysis after discarding the initial 500 

burn-in chains (Fig. 4) showed the formation of 2 well 

differentiated groups, with a posterior probability of the 

branches of 100 for the Z. quitzeoensis clade (including 

the type locality) and 96 for the clade which contains the 

new species Z. purhepechus sp nov. The genetic distance 

obtained by the model HKY-G within groups was 3.4% 

(3-3.8%).

Description

Zoogoneticus purhepechus n. sp. (Figures 5 A-B, 

Table 5)

D = (13) 14; A = 13-14; P = (11-12) 13-15; GR = (7) 9-

12. Morphometric measurements are shown in Table 5. 

Body relatively deep, laterally compressed and elongated, 

maximum height x = 3.1 (range = 2.8-3.6) times the 

standard length in males and x = 3.3 (range = 2.9-3.7) times 

in females.  Minimum body height x = 6.5 (range = 6.2-7) 

times the standard length for males and x = 7 (range = 6.2-

7.7) in females. Head short, cephalic length x = 3.5 (range 

= 3.3-3.7) times standard length in males and x = 3.7 (range 

= 3.3-4.1) in females. Preorbital distance short, preorbital 

distance x = 16.6 (range = 14.6-21.8) times standard length 

in males and x = 20 (range = 12.8-27.4) in females. Anal 

fi n inserted before origin dorsal fi n at same axis. Dorsal fi n 

length long x = 5.2 (range = 3.4-7) standard length in males 

and x = 5.8 (range = 5.3-6.6) in females. 

Pigmentation pattern. When alive, both sexes exhibit a 

light brown coloration, with dark brown and moderately 

large spots on the posterior part of the body, starting at the 

base of the caudal fi n. In the anterior part of the body, a 
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mottling pattern of small spots can be distinguished at the 

top of the ventral region. They show a pair of dark brown 

spots laterally aligned at the base of the caudal peduncle, 

in the region of the hypural plate. In males, during the 

breeding season, these spots could not be distinguished. 

The ventral region lacks spots. Adult males are slightly 

darker than females and may show a slightly bluish or 

greenish hue on the lateral side of the body and some scales 

can produce iridescence. The males from the type locality 

show an intense red band at the end of the pelvic and 

dorsal fi ns. In specimens from other localities, this band 

may be an intense orange. Alcohol preserved specimens 

are light brown on the body with the abdominal region 

yellowish, and from the caudal peduncle approximately to 

the insertion of the anal fi n showing moderately large, dark 

brown spots. From the anal fi n forward, spots are smaller 

and irregularly shaped. The red band in the dorsal and anal 

fi ns and the slightly bluish or greenish hue are faint or are 

less intense. 

Sexual dimorphism and reproduction. As in all members 

of the subfamily Goodeinae, males have the fi rst 2 to 7 

anal rays shorter. These rays form a short lobe that is 

inferred to function in sperm transfer (Parenti, 1981) 

(Fig. 5A). Differences in size were found between sexes, 

with females being larger than males. As in Z. quitzeoensis, 

the caudal peduncle is narrower (SL/BLD x = 7.0 , range= 

6.2-7.7) and longer (SL/EDUP x = 4.1, range= 3.4-4.7) in 

females than in males (SL/BLD x = 6.5 , range= 6.1-7.0 

and  SL/EDUP x = 3.8 , range= 3.5-4.4). The males have 

a stripe with intense red coloration at the end of the dorsal 

and anal fi n. The sex of males can be distinguished at a few 

weeks after birth. In captive conditions (temperature 21ºC 

± 2ºC), the males and females can become sexually mature 

between 8 and 12 weeks. Gestation requires 7 to 9 weeks. 

Reproduction occurs throughout the year, but peaks when 

the temperature is between 20 and 21ºC. The number of 

offspring per reproductive event in captivity oscillates 

between 15 and 45. The fry are usually 9 to 12 mm in 

Table 3. Eigenvectors and eigenvalues for the fi rst three principal components for 20 morphometric variables in males and females. 
Variable codes are given in the method section

                Males                Females

Eigenvectors I II III I II III

SL 0.000 0.004 0.006 0.009 0.001 0.003

HL 0.006 -0.005 0.001 -0.006 0.000 -0.005

PrOL 0.031 -0.028 0.015 -0.073 0.015 -0.003

ED 0.024 -0.016 0.004 -0.013 0.003 -0.017

InOW 0.007 -0.036 -0.007 0.000 0.004 -0.012

BD 0.002 0.004 -0.009 -0.002 -0.008 -0.001

BLD 0.001 0.018 -0.021 0.002 -0.007 0.003

PAD 0.002 -0.009 -0.024 0.017 -0.004 -0.031

PDD -0.001 0.003 -0.009 0.001 -0.016 -0.006

PODE -0.007 0.001 -0.004 0.010 -0.016 -0.006

DAD -0.006 0.001 -0.004 0.006 -0.012 0.006

DOAE -0.010 0.001 -0.005 0.008 -0.003 0.001

DFL -0.046 -0.015 0.012 0.025 0.008 0.014

DEAO -0.011 0.006 0.001 0.005 -0.001 0.000

AFL -0.024 -0.003 0.015 0.021 0.044 0.004

AEDE 0.008 0.014 -0.009 -0.001 -0.006 0.002

EDUP 0.014 0.022 0.010 -0.026 -0.008 0.015

EDLP 0.009 0.016 0.006 -0.002 -0.007 0.013

EAUP 0.005 0.014 0.016 0.005 -0.004 0.009

EALP 0.011 0.016 0.015 -0.001 0.000 0.017

Eigenvalues 0.005 0.004 0.002 0.008 0.003 0.002

Percentage 24.327 21.206 12.578 37.988 14.435 12.337

Accumulated% 24.327 45.532 58.111 37.988 52.423 64.761

_
_

_
_
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A

B

Figure 2. Plots of fi rst 2 principal components for 20 morphometric 
variables corrected by Burnaby’s methods for males (A) and for 
females (B). L) La Luz Spring, C) Cuitzeo Lake (San Cristobal 
Spring), M) La Mintzita Spring, and Z) Zacapu Lake.

standard length at birth and feed on the second day after 

birth. First parturition females usually have a low number 

of offspring.

 

Taxonomic summary

Material examined. Holotype: (Table 5, Fig. 5A) CPUM 

1509, adult male 34.12 mm SL, La Luz Spring (lower 

Lerma), Zamora, Michoacán, México, Ludo Couvreur, 

Jan de Moree, Kees de Jong, Juan C. Merino and Luis 

Escalera-Vázquez, November 2002.

Paratypes: CPUM 1055, (10 individuals); MNCN 

246184 (15 individuals); CNP-IBUNAM 14425-14427 (3 

individuals). Collected with the holotype.

Distribution: in accordance with the molecular and 

morphometric diagnostic characters, we hypothesized that 

the populations from Ameca, Santiago and Armería basins 

and Chapala Lake, identifi ed as Z. quitzeoensis, should 

henceforth be considered as Z. purhepechus. Thus, the 

distribution of Z. purhepechus occupies the lower Lerma 

basin, the upper part of the Armeria, Santiago and Ameca 

basins and Chapala Lake (Fig. 1).

Habitat: the type locality of Z. purhepechus is La Luz 

Spring. La Luz is a permanent spring of lentic and clear 

waters and forms a small pond of approximately 1500 m2. 

Once, the water of this spring fl owed to the Duero River, 

which forms part of the lower Lerma River basin. Currently, 

the water of this spring is used for irrigation and as a water 

supply to the population. It has an average depth of 1.5 

m with a maximum depth of 3.5 m. The bottom is rocky 

in its periphery and muddy in most of the pond. Aquatic 

vegetation is Iris sp. and Ceratophyllum sp, emergent 

vegetation Typha sp. and Scirpus sp., and the introduced 

species Eichhornia sp, and terrestrial vegetation is of the 

subtropical forest type.

The associated fi sh fauna are the native species, 

Alloophorus robustus (Bean, 1892); Chapalichthys 

encaustus (Jordan andSnyder, 1899); Goodea atripinnis 

Jordan 1880; Skiffi a  multipunctata (Goodeidae); 

Poeciliopsis infans (Poeciliidae); and Lampetra 

geminis (Alvarez, 1964) (Petromyzontidae); and the 

introduced species Poecilia mexicana Steindachner 

1863; Xiphophorus hellerii Heckel 1848, (Poeciliidae); 

Oreochromis spp (Cichlidae); and Cyprinus carpio 

Linnaeus 1758, Ctenopharingodon idella (Valenciennes 

1844) (Cyprinidae).

Conservation: although this species has been taken 

from a number of localities, and is widely distributed in 

different drainages along the occidental part of Central 

Mexico, in the last 5 years, a reduction in its distribution 

of almost 75% of the historical occurrence points has been 

Table 4. Eigenvectors and eigenvalues for the fi rst three principal 
components for 4 meristic variables. Variable codes are given in 
the method section 

Eigenvectors I II III

D 0.653 0.458 0.405
A -0.093 0.345 0.176
P -0.475 0.647 -0.349
GR -0.905 -0.045 0.457

Eigenvalues 1.479 0.749 0.526

Percentage 50.474 25.578 17.954

Accumulated% 50.474 76.052 94.006
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Figure 3. Plots of the fi rst 2 principal components for 4 meristic 
variables. L) La Luz Spring, C) Cuitzeo Lake (San Cristobal 
Spring), M) La Mintzita Spring, and Z) Zacapu Lake.

Figure 4. Phylogenetic tree of 11 analysed specimens of the 
genus Zoogoneticus recovered from cytochrome b sequences 
(1140 bp) according to the Bayesian analysis based on the best 
model of evolution that fi t our data using the program Modeltest 
3.7 (Posada andCrandall 1998). The numbers on the branches 
represent the Bayesian posterior probability.

observed (Fig. 1). The most common alterations reported 

in the localities where the species has disappeared are 

the introduction of exotic species, water pollution and 

desiccation (De la Vega-Salazar et al., 2003; Domínguez-

Domínguez et al., 2005; Domínguez-Domínguez et al., 

2006b). Genetic erosion related with human perturbations 

of the population of this new species was demonstrated 

recently (Domínguez-Domínguez et al., 2007). This species 

should be considered as in danger of extinction, following 

the criteria and categories of the MER-Aii,Bi,Ci,Di 

(SEMARNAT 2002) and the International Union for the 

Conservation of Nature and Natural Resources IUCN-

A,1a,c,e. (IUCN, 2001-http://app.iucn.org/webfi les/doc/

SSC/RedList/ RedListGuidelines.pdf).

Etymology: the name “purhepechus” comes from 

purhepecha, the name of the indigenous ethnic group 

which inhabited part of the distribution range of this 

species, including the type locality.

Remarks

Zoogoneticus purhepechus n. sp. differs from its sister 

species, Z. quitzeoensis by the following combination of 

characters: 13-14 branched rays in the dorsal fi n (vs. 12, 

rarely 11 or 13 branched dorsal rays in Z. quitzeoensis), 

long dorsal fi n base length (DFL/SL  = 0.18, SD = 0.03 

vs. x = 0.16, SD = 0.01 in Z. quitzeoensis) and short pre-

orbital length (Prol/SL x = 0.056, SD = 0.01 vs x = 0.066, 

SD = 0.008  in Z. quitzeoensis); 2 conspicuous dark brown 

spots in the hypural plate region, except in males within 

the reproductive season; 10 molecular autapomorphies 

in the cytochrome b gene also differentiate Zoogoneticus 

purhepechus sp. nov. from Z. tequila and Z. quitzeoensis 

(Table 6). Divergences in the cytochrome b gene is D
HKY 

= 3.4% (3-3.8%) compared to Z. quitzeoensis and D
HKY 

= 

11% (9-13%) compared to Z. tequila.

The genus Zoogoneticus is characterized by the presence 

of some distinctive characteristics, exhibiting 2 to 6 melanic 

patches in the post-ventral region of the body (Webb and 

Miller, 1998). Two dark brown spots in the hypural plate 

region are characteristic, more evident in Z. quitzeoensis 

and Z. purhepechus than in Z. tequila, in which the spots 

are less evident or are fused. The trophotaenia is a ribbon-

type with 9-14 termini. The genetic and morphometric 

__
_
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Table 5. Statistical parameters for morphometric characters in Z. purhepechus sp. nov. Each variable is divided by standard length. 
Variable codes are given in the method section (SD = standard deviation)

14 Males 14 Females

Variables Holotype Range Mean SD Range Mean SD

SL 34.12 36.95-19.31 28.41 5.45 52.40 - 24.30 33.26 7.08

HL 0.28 0.30 - 0.27 0.29 0.01 0.30 - 0.24 0.27 0.02

PrOL 0.08 0.07 - 0.04 0.06 0.01 0.08 - 0.04 0.05 0.01

ED 0.09 0.10 - 0.08 0.09 0.01 0.10 - 0.07 0.08 0.01

InOW 0.11 0.12 - 0.09 0.10 0.01 0.11 - 0.10 0.09 0.01

BD 0.34 0.35 - 0.28 0.32 0.02 0.35 - 0.27 0.30 0.02

BLD 0.15 0.16 - 0.14 0.15 0.01 0.16 - 0.13 0.14 0.01

PAD 0.18 0.19 - 0.13 0.17 0.02 0.22 - 0.15 0.18 0.02

PDD 0.35 0.37 - 0.29 0.34 0.02 0.38 - 0.27 0.32 0.03

PODE 0.40 0.41 - 0.34 0.38 0.02 0.40 - 0.34 0.37 0.02

DAD 0.32 0.35 - 0.27 0.32 0.02 0.33 - 0.27 0.30 0.02

DOAE 0.29 0.32 - 0.25 0.29 0.02 0.30 - 0.25 0.28 0.01

DFL 0.20 0.29 - 0.14 0.20 0.03 0.20 - 0.15 0.17 0.01

DEAO 0.27 0.29 - 0.24 0.26 0.01 0.26 - 0.23 0.24 0.01

AFL 0.12 0.12 - 0.09 0.11 0.01 0.11 - 0.07 0.09 0.01

AEDE 0.17 0.19 - 0.16 0.17 0.01 0.20 - 0.16 0.17 0.01

EDUP 0.23 0.28 - 0.23 0.26 0.02 0.29 - 0.21 0.24 0.03

EDLP 0.28 0.33 - 0.28 0.30 0.01 0.33 - 0.26 0.30 0.02

EAUP 0.29 0.32 - 0.28 0.30 0.01 0.31 - 0.26 0.29 0.01

EALP 0.22 0.28 - 0.24 0.26 0.01 0.30 - 0.23 0.26 0.02

Figure 5. (A), holotype, male (CPUM-1509) and (B), paratype, 
female (CPUM-1510) of Zoogoneticus purhepechus from La Luz 
Spring.

variation pattern within the populations of the 2 species 

analysed here show the separation of 2 well-defi ned 

groups, supporting previous fi ndings made with molecular 

characters (Doadrio and Domínguez, 2004). The ANOVA 

analysis between populations shows that DOAE distance 

differs between them. We inferred that this is a result of the 

larger DFL distance in Z. purhepechus and this inference is 

supported by the PCA. In the same manner, differences in 

PrOL were obtained and supported by the minus preorbital 

length obtained as a diagnostic character in PCA. The 

morphometric diagnostic characters are preorbital length 

and dorsal fi n length in the PCI. Accordingly, with this 

classifi cation, which was corroborated by the DFA, the 

Z. quitzeoensis populations (San Cristobal Spring and La 

Mintzita Spring in the Cuitzeo drainage and Zacapu Lake) 

have a larger superior mandible and a shorter base of the 

dorsal fi n. On the other hand Z. purhepechus (La Luz 

Spring) exhibits a shorter upper mandible, a larger dorsal 

fi n base and a higher number of dorsal rays.

This grouping model is congruent with the results of 

the Bayesian analysis, and the high genetic divergences 

between Z. quitzeoensis and Z. purhepechus (D
HKY

= 
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3.4%, range= 3-3.8%). These values are higher than 

those described for the family Goodeidae, in which 

an intraspecifi c pairwise uncorrected “p” distance of 

0.001 to 1.7% was found, and are similar to those found 

in interspecifi c distances of 1.7 to 11% (Doadrio and 

Domínguez, 2004). In the same manner, the middle Lerma 

and lower Lerma basins are considered to have undergone 

a pattern of isolation and union, which correlates with 

vicariant events inferred to promote cladogenetic processes 

in at least 2 pairs of sister species within the Goodeinae 

(e.g. Skiffi a lermae-Skiffi a multipunctata and Zoogonetius 

quitzeoensis-Z. purhepechus) (Domínguez-Domínguez et 

al., 2006a).
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