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Abstract: Aquaculture and fisheries represent an important factor in the development of many worldwide

communities and in small and large-scale activities for only the 8% of world population. Considering the small-scale

fisheries and aquaculture activities as income and animal protein sources of people who work in these habitats, it is

unavoidable to take into account economic, social and cultural aspects. Usually this type of activities uses endemic

species, as in the case of Mexico, with genus Chirostoma (commonly called white fish or "charales"), which many

Mexican families depend almost exclusively on their extraction. Today this genus faces serious problems due to

overexploitation, habitat loss and the introduction of exotic species. The most viable option for recovery and

subsequent commercial production is the culture and cleaning up of their habitat. In the first case are already made

significant efforts for cultivation, however, nothing has been done by the second problem. The goal of this paper is

show the present state of the species of the genus Chirostoma, giving options to improve their current condition.
Keywords: Chirostoma, fishery, aquaculture, Mexico

Introduction
Fisheries and aquaculture activities are

fundamental for survival of millions of people

around the world, including rural areas anglers

who catch fish in lakes and rivers. FAO (2010)

ascertains that more than 540 million people

perform such activity, which corresponds to 8%

of the world population. Mexico is no exception;

according to INEGI (2010) reports, there are

approximately 300,000 professional of this

activity and it is estimate that about 12 million

Mexicans are link directly or indirectly to

activities within the fisheries sector (Arreguin-

Sanchez, 2006).

Economic and cultural aspects are important

when fish was capture as income and protein

sources. In Mexico, the genus Chirostoma is

composed of several endemic species of the

central plateau, including white fish and the
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smaller ones called “charales”. This fishery is

important at national level since it has been the

foundation of small-scale fisheries in the central

region of the country for centuries; many

families depend almost exclusively on the

extraction of this kind of fish (Martinez-Palacios

et al., 2002). However, the fishery is showing a

clear decreasing trend: in 1984, a catch of

7,980 tons approximately of fish was report and

by 2008, the production decrease to 2,542 tons

(SAGARPA, 2003; SAGARPA, 2008). Loss

Chirostoma production, is mainly due

overexploitation versus high demand and

economical value (Martinez-Palacios et al.,
2002; Moncayo et al., 2003; Olvera-Blanco et
al., 2009). Habitat loss and water

contamination as a consequence of human

population increase settled at lakes and rivers in

the Mexican highlands surroundings (Arriaga et
al., 2002; Moncayo et al., 2003) and the

introduction of exotic species that have replaced

the native ones (Martinez-Palacios et al., 2007;

Navarrete-Salgado and Contreras-Rivero,

2011).

One option to reduce the impact on natural

populations of white fish in Mexico it is their

aquaculture activity (Martinez-Palacios et al.,
2006). However, the main problem for their

production is high mortality in early stages

which organisms are reluctant to accept an

exogenous diet(Figueroa-Lucero et al., 2003;

Debnath et al., 2007; Gisbert et al., 2009;

Navarrete and Morales, 2000; Vazquez et al.,

2013). The conjunction of these problems has

caused the extinction of two species of

Chirostoma and the present status of another

four species is currently under risk (NOM-036-

PESC-2007).

This paper goal was to inform about the

general situation of the species of Chirostoma
genus in Mexico, providing the available options

to improve the condition to diets development

for their aquaculture techniques, as well as in
situ conservation of this ecological resource.

Species of the genus Chirostoma and

their distribution
The highlands of Central Mexico were the

setting of a relatively recent geological process

that originated the rugged geography of the

Neovolcanic Axis favoring the transformation of

the ichthyofauna and generating a new species.

Such is the case of the Chirostoma genus,

represented by 18 species and six subspecies,

all natives, which form the freshwater

ichthyofauna of Atherinopsidae family in Mexico.

This family is branching in two groups: the

“charales”, of small length (<10 cm) and a

range of 6-15 grams weight; and “white fish”

(20 cm length) and a range of 200-300 g

weight (Rojas-Carrillo and Fernandez-Méndez,

2006.).

Several studies have established the

distribution of these fish as follows: in

Michoacan at Patzcuaro Lake, the species C.
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grandocule, C. attenuatum and C. patzcuaro, as

well as a subspecies’ of white fish, Chirostoma
estor estor; at Zirahuen Lake, the charal C.
attenuatum zirahuen and white fish subspecies’

Chirostoma estor copandaro, can be found. In

Chapala Lake, Jalisco, the species C. jordani, C.
chapalae, C. labarcae, C. arge, C. consocium
and C. contrerasi as well as the three white fish

species’ Chirostoma lucius, Chirostoma
sphyraena and Chirostoma promelas are

founding. Chirostoma humboldtianum, fourth

white fish species’ was perhaps the most wide

natural distribution specie of this genus, located

Zacapu Lake, Michoacán, Lerma River (State of

Mexico and Jalisco), Santa Maria and San Pedro

lakes at Lagunillas, Nayarit and Juanacatlan,

Jalisco (Paulo-Maya et al., 2000). Species of C.
jordani are distributed at Pacific slopes, Mexico

Valley at Lerma-Santiago watershed, Ameca

River, inner watershed of Mexico Valley and

Atotonilco and San Marcos Lakes as well as

Atlantic slopes, tributaries of the rivers Pánuco

(Tula River), Tecolutla (Necaxa River) and

Cazones River (Alvarez del Villar, 1970; Miller et
al., 2005). In 70’s, species of white fish and

“charales” were inoculated into water bodies at

States of Chihuahua, Puebla, Tamaulipas,

Hidalgo, Querétaro, Guanajuato, Mexico State

and Michoacan (Rosas, 1976).

Ecological importance
Mexico’s fish richness was representing by

approximately 2,122 species distributed in 779

genera, 206 families and 41 orders. From this

fish richness, an estimate of 384 species

inhabits only freshwater environments.

However, within this high diversity of species,

fish from continental waters are in danger since

they were confining in isolated fragments

induced by habitat degradation and destruction

(De la Vega- Salazar, 2003). Another important

aspect was the endemism degree with almost

60% represented by freshwater species.

For Mexican territory, it is estimated that

116 species of sea and freshwater fish are

threatened ranging from being vulnerable to

critically endangered (www.fishbase.org). The

Mexican Official Norm (NOM-059-ECOL-2001)

contains a list of 185 species of fish distributed

in 64 genera and 32 families including the

Atherinopsidae. From the total of species under

risk, 40% are under the “threatened” category,

38% as “in danger of extinction”, 16% under

special protection and 6% likely to be extinct in

their natural habitat.

White fish and “charales” fishery
Considering the Mexican fisheries statistics,

the capture of Atherinids in Mexican highlands

and Mexico Valley lakes represents 8.7% of the

national fishing production, with 136,843 metric

tons, which generates 513 jobs in shoreline

fishery (DOF, 2010). From these jobs,

approximately 70% are permanent and the rest
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were combining with other productive activities

(Hernandez, 2006).

In 2007, 22% of the total catches of species

of Chirostoma genus were from captures of

“charal” species and only 1%, from “white fish”

(DOF, 2010). In the case of “charal”, only 20%

was eat fresh along the shoreline and 80% was

processed as dry, salted and breaded fried and

later distributed at close areas or Mexico City

(Hernandez, 2006). With respect “white fish”, it

was eat 90% in the same region.

Values of “charal” fishery production (2010)

for human consumption were showing at Table

1. The Mexican Republic states considered have

not seacoast areas. Values are in pesos (Badillo

and Gracia, 1995, CONAPESCA, 2010).

Tab. 1: Production values of “charal” fishery for human use in Mexico.

National production

Total states

with no

seacoast

Guanajuato Hidalgo
State of

Mexico
Tlaxcala

Total 16, 907, 165 878, 221 29, 116 115, 549 285, 980 11, 134

Direct human use 16, 530, 506 829, 797 29, 116 114, 967 285, 980 10, 898

Charal 27, 871 9, 691 2, 213 44 7, 190 244

Reference: CONAPESCA (2010).

Note: States considered do not have coast shores.

Economic importance
Since prehispanic times, “white fish” and

“charales” have importance as a food source

since they were highly valued by the cultures

that settle at Mexican highlands and Mexico

Valley lakes (Hernández, 2006). Recently, these

fishes still play an important role as proteins

source for many families.

Another important consideration was the

income obtained by the exploitation of this

natural resource, because this activity sustains

many families on the area. Especially if we

consider that, these fish can reach a local price

up $80.00 US dlls per Kilo (Martinez-Palacios et
al., 2002).

Current problems
At worldwide level, overexploitation, water

pollution, habitat destruction or degradation,

sedimentation of water flows and the invasion

of exotic species, are aspects that put in risk the

freshwater species diversity such as all of these

interact in synergy potentiating the negative

effects on the species that inhabit these

environments (Higgins et al., 2005; Dudgeon et
al., 2005).
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Pollution
In many water bodies of central Mexican

highlands, the principal problem is pollution.

Mostly, because the anthropic activities such as

the discharges from the human settlements,

agriculture, livestock and industry as well as the

sedimentation leading to the reduction of the

lacustrine basins (Saunders et al., 2002) and

causing an eutrophication of lakes (Arriaga et
al., 2002; Olvera-Blanco et al., 2009).

Several authors (Arriaga et al.,2002;

Woodward et al.,2012), indicate that Lake

Patzcuaro, have a continuous urban discharges

contributions which increase the inorganic

nitrogen who was associated to agricultural

activities and reports concentrations of 0.152

and 2.206 mgL-1 at 2000 to 2009 years

indicating hypereutrophication condition. This

behavior is associated with a high primary

production measured as α chlorophyll, which

reached an average of 31.8 mgL-1 concentration

(Sánchez-Chávez et al., 2011).

On other hand, tree deforestation generates

natural flows of sediments that are incorporated

to the lake and modifying the depth of

lacustrine basin (Gonzalez et al., 2012). Bernal-

Brooks et al. (2002, 2003) estimated a

reduction of 6 m in water depth, affecting

directly the species that lives there. Another

important aspect was concentrations of fecal

coliforms associated to municipal discharges

from Patzcuaro, Tzurumutaro and

Erongaricuaro localities localized at southern

lake area (Sanchez-Chavez et al., 2011;

Gonzalez et al., 2012).

Introduction of exotic species
At worldwide water habitat, there has been

a decrease of fish abundance and diversity

associated with the increase of exotic species

introductions (Helfman, 2007a). Zambrano et
al. (2011) considered those reckless fish

introductions the second most important cause

of loss biodiversity. Mexican ichthyofauna does

not escape this problem and loss biodiversity is

a consequence of interaction between native

and introduced species (Miller et al., 2005).

For many years ago, mankind has tried to

inoculate some fish and crustacean which grow

fast and contain nutritional value to obtain

better protein resources for people with low

food supply and low-income resources (Minns

and Cooley, 2000; Canonico et al., 2005).

Unfortunately, the negative effects of this fish

or crustaceans were not considering properly,

because the new introduced species caused a

displacement of native species and affecting

strongly the endemism (Minns and Cooley,

2000). Fishes like example the Nile tilapia, the

common carp and the black bass are extremely

invasive species and can reduce significantly the

Chirostoma populations in the Mexican

highlands and the lacustrine basins of the Valley

of Mexico (CONABIO, 2008). The problem is an
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interspecific competition to occupy specific

feeding niches. In addition, high predation

endemic species by introduced fishes has been

observing principally with black bass and their

analysis of diet composition with white fish and

crayfish. The study show that the black bass

consumption, increase when they reach the 20

cm length (Toledo-Dias-Rubin, 1995). Due to

this, GISD (2005) mentioned that decrease of

white fish populations is associated to predation

of black bass on their populations.

Overexploitation
In 1980s to 1990s the demand on white fish

capture increased considerably and with it, the

fishing effort, with a catch of 2,543 tonnes. This

related directly to population growth and, as

consequence, an increase of the polluting

discharges of anthropic origin. These events led

to an overload of the traditional fishery and

inevitably to overexploitation and failure to

comply with federal regulations; in the end this

caused a disruption of the relationship between

fishermen and the government authorities. To

this day, fishermen and authorities sustain a

conflict that does not allow for a consensus for

the planning and implementation of some

strategy to recover the white fish and other

native species from the deterioration in which

they are now (Vargas, 2011).

In addition, the misuse of the fishing

techniques has led to indiscriminate capture of

juvenile stage between white fish and the adult

stage of “charal”, due to difficulty to

distinguishing, resulting in the extraction of all

stages of both species (Moncayo et al., 2003;

Olvera-Blanco et al., 2009). Although the

identification of these two species using

molecular, morphological and meristic traits

(Barriga-Sosa, 2001), this knowledge, however,

is not useful for fisherman.

Another Chirostoma genus problem is the

absence of a conservation program to save it

and their consequence has been many species

of this genus are in risk (NOM-036-PESC-2007).

At present time, there are only isolated

programs that do not allow an integrated

protection and recovery actions. They are only

focused on some species and another members

of this fishes genus are forgotten (Barriga-Sosa,

2001) and without the habitat pollution

condition, the fish diversity of our country was

in great danger.

Protection and recovery
In situ conservation

A Mexican government authority’s priority

must be an adequate management of water

bodies, a better efficient legal protection and

prevent species loss diversity. For that, it is

necessary to perform studies about ecosystems

structure and function. Ecological field studies

and aquaculture techniques must be conjoin to

obtain reproductive biotechnology to make
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aquaculture pilot projects and inoculations in

natural habitats.

Another situation is the absence in situ
conservation germplasm program, which can

give an opportunity to status of Chirostoma
genus and so successfully deal with future

events that are submit (NOM-036-PESC-2007;

Barriga-Sosa, 2001).

For the above reasons, in situ conservation

is not the best available option because the

habitat management, habitat disturb and social

conflict habitat are not the best situations to

allow them as biological “pools” for this

purpose.

In Table 2 is show the different studies

performed in conservation and aquaculture

fields with Chirostoma genus. Studies have

done in species composition, taxonomic status

using classic and molecular techniques, feeding

anatomy and digestive physiology.

Tab. 2: Studies on species of the genus Chirostoma in Mexico.

Type of study Author Title of the publication

Barbour, 1973
The systematics and evolution of the genus Chirostoma Swainson (Pisces,

Atherinidae)

Alaye, 1993
El pescado blanco (género Chirostoma) del lago de Pátzcuaro, Michoacán.

Composición de Especies

Alaye, 1996a
Estudio del polimorfismo de la hemoglobina para identificar especies del

género Chirostoma del lago de Pátzcuaro, Michoacán, México

Alaye, 1996b
Híbridos entre especies del genero Chirostoma del lago de Pátzcuaro,

Michoacán, México

Barriga-Sosa, 2001
Variabilidad morfométrica, merística y molecular de especies del género

Chirostoma (Pisces: Atherinopsidae)

Taxonomic

Perez, 2003
Discriminación de especies de peces blancos (Atherinopsidae: Chirostoma)

del lago de Pátzcuaro, por medio de caracteres morfológicos,

aloenzimáticos y RFLPs del gen mitocondrial 16S

Solorzano, 1963
Algunos aspectos biológicos del pescado blanco del lago de Pátzcuaro

(Chirostoma estor Jordan, 1897).

Rosas-Moreno, 1970 Pescado blanco (Chirostoma estor) su fomento y cultivo en MéxicoBiology of the genus

Rojas et al., 2000
Desarrollo y crecimiento de larvas de pescado blanco Chirostoma estor
Jordan

Figueroa-Lucero et al.,
2004b

Growth, survival and mandible development in the larvae of the shortfin

silverside Chirostoma humboldtianum (Valenciennes) (Atheriniformes:

Atherinopsidae) under laboratory conditions

Soria y Maya, 2005
Morfometría comparada del aparato mandibular en especies de

Chirostoma (Atheriniformes: Atherinopsidae) del lago de Pátzcuaro,

Michoacán, México

Feeding behaviour and

anatomy

Martinez-Palacios et al.,
2006

Aspectos nutricionales del pescado blanco de Pátzcuaro (Chirostoma estor
estor Jordan, 1879)
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Tab. 2: Continued

Type of study Author Title of the publication

Feeding behavior and

anatomy
Fernandez et al., 2008

Alimentación de Chirostoma humboldtianum (Valenciennes); (pisces:

atherinopsidae) en el estanque JC en Soyaniquilpan, Estado de México

Rojas et al., 1993
Estimación de los parámetros de crecimiento y ciclo de madurez gonádica

del charal blanco Chirostoma grandocule, Steindachner, 1894 (Pisces:

Atherinidae) del lago de Pátzcuaro, Mich.

Uria et al., 1998
Desarrollo y madurez testicular del charal Chirostoma humboldtianum
(Pisces: Atherinidae), del embalse Huapango, Edo. De México.

Ramirez-Sevilla, 2006
Biología reproductiva y ontogenia de Chirostoma humboldtianum
(Valenciennes, 1835) (Pisces: Atherinopsidae) en condiciones de

laboratorio

Figueroa-Lucero, 2006
Historia de vida reproductiva del charal del Alto Lerma Chirostoma riojai
Solórzano y López, 1965 (Atheriniformes: Atherinopsidae

Cardenas et al., 2008
Oocyte structure and ultrastructure in the Mexican silverside fish

Chirostoma humboldtianum (Atheriniforme: Atherinopsidae)

Blancas-Arroyo et al.,
2008

Association between ovarian development and serum concentrations of

17β-estradiol and 17α-hydroxy-4-pregnen-3-one in first maturation

females of the shortfin silverside fish, Chirostoma humboldtianum
(Atheriniformes: Atherinopsidae)

Ibañez et al., 2008
Aspectos reproductivos de una población del charal M. jordani (Woolman)

del lago de Metztitlán, Hidalgo

Olvera-Blanco et al.,
2009

Reproductive biology of Menidia jordani Atheriniformes: Atherinopsidae)

in Xochimilco Lake, Mexico

Reproductive biology

Martinez-Palacios et al.,
2002

Avances en el cultivo del pescado blanco de Pátzcuaro Chirostoma estor
estor

Negrete-Redondo et al.,
Año

Estudio bacteriológico de epizootias causantes de mortalidad masiva en

reproductores de pez blanco (Chirostoma humboldtianum Valenciennes,

1835), bajo condiciones de cultivoPathology

Hernandez, 2008
Helmintofauna de Chirostoma jordani Woolman, 1894 del lago de

Tecocomulco, Hidalgo, México

Vega et al., 2004
Balance energético de juveniles de Chirostoma estor estor (Jordan, 1879)

(Pisces, Atherinopsidae) en relación con el tamaño corporal.

Figueroa-Lucero et al.,
2004a

Effect of the type of food on the growth and survival of the charal from

the high Lerma Chirostoma riojai Solórzano y López, 1965

(Atheriniformes: Atherinopsidae) during early development

Martinez-Palacios et al.,
2006

Aspectos nutricionales del pescado blanco de Pátzcuaro (Chirostoma estor
estor Jordan, 1879)

Hernandez-Martinez et
al., 2009

Efecto del alimento vivo enriquecido con Lactobacillus casei en la

sobrevivencia y crecimiento de larvas y juveniles de Chirostoma estor
(Pisces:  Atherinopsidae)

Nutrition and digestive

physiology

Hernandez, 2011
Efecto de Bifidobacterium animalis y Lactobacillus johnsonii en el

crecimiento y sobrevivencia de Chirostoma jordani usando metanauplios

de Artemia sp. como vector
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Ex situ actions for conservation

Ex situ actions for conservation refer to all

those activities performed to obtain organisms

reproduction and maintenance in captivity.

Eventually, these organisms can reintroduce

successfully to their natural habitat to recover

the Chirostoma populations (Lacy, 2010; Pizzi

et al., 2013). A better option can be laboratory,

zoo or aquarium culture systems, which can

maintain the natural habitat physic chemical

conditions for these organisms reproduction

(Lascurain et al., 2009; IUCN/SSC, 2013).

With this regard, the INAPESCA from Mexico

(National Institute of Fisheries) initiated in 2010

a conservation program with Chirostoma estor,
making experimental culture system studies.

Another institution like Michoacana de San

Nicolas de Hidalgo University, make studies on

culture systems too, but make studies on diets

development, feeding anatomy and digestive

physiology (Martinez-Palacios et al., 2002;

Martinez-Palacios et al., 2003; Martinez-Palacios

et al., 2006; Martinez-Palacios et al., 2007).

The Instituto Politecnico Nacional (IPN) from

Mexico make studies on taxonomy, ecology and

aquaculture of white fish (Figueroa-Lucero et
al., 2003) and the Autonoma Metropolitana –

Iztapalapa University has focused to studies on

culture and technologic transfer production, also

taxonomy of the genus (Barriga-Sosa, 2001;

Perez, 2003 Blancas-Arroyo et al., 2003;

PEXPA, 2008).

Currently, none of studies of those academic

institutions considered the bioremediation of

lake systems and the negative effects

evaluations due to introduction of exotic species

in those habitats and their low research’s

application in natural conditions.

Cryopreservation of germplasm as

an ex situ action for conservation
The second possibility that is offered as an

ex situ action for the conservation, is

germplasm cryopreservation (Lahnsteiner et al.,
2000; Tsai and Lin, 2012). This methodology

allows freezing gametes or reproductive tissue

in a controlled way to storing for long periods.

This cryopreservation materials can be used in

reproduction and restocking programs (Stacey

and Day, 2007; Pizzi et al., 2013). To make

better successful management of this

technique, this activity must be associated with

habitat bioremediation (IUCN, 2002). Presently,

this methodology offers great benefits to

aquaculture as well as for gamete conservation

of threatened and endangered species (Zhang,

2004; Viveiros y Godinho, 2009; Islam et al.,
2012; Pizzi et al., 2013).

Aquaculture technology
White fish and “charal” aquaculture, either

for introduction at natural habitats or

commercial production purpose, was already

showing positive results reducing wildlife

population’s impact and generating an income
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for the local fishermen (Martínez-Palacios et al.,
2006; Helfman, 2007a). Aquaculture activity is

consider the best tool for conservation and

sustainable use of commercial species can

create directly or indirectly job sources like

secondary activities (product distribution, fish

marketing, ice production and supply, research

and administration, among others). The FAO

organization mentioned that these activities

were perform for the 10-12% of the world

economically active population (FAO, 2012).

Since 70’s, altogether with live food

production and development of fish

aquaculture, the scientific research in

laboratories (government and academic

institutions), focus their studies to obtain

gametes to use it at artificial fecundity and

techniques development for better production of

larvae and juvenile stages at earth ponds

culture (Rosas, 1976). Recently studies were

focus to know fish feeding behavior and

digestive anatomy of different species of

Chirostoma genus. Aquaculture techniques are

being adapted with respect seasonal food

availability or the use of small crustaceans like

Artemia, Daphnia and copepods or insects

(larval stages) (Paulo-Maya et al., 2000;

Blancas-Arroyo et al., 2003). White fish adult

stage was consider tertiary consumer and they

can feed other stages of their same species.

Authors as Martinez-Palacios et al. (2003),

mentioned that this fishes have specialized

structures can filtered zooplankton. The

common denominator of all scientific researches

on white fishes were feeding capacity at first

larvae stages to use live food (microalgae,

rotifers or Artemia nauplii) and changes it later

for inert diets to increase growth and reduce

mortality (Figueroa-Lucero et al., 2004a;

Figueroa-Lucero et al., 2004b).

The “bottleneck” of white fish aquaculture

were the first larval stages survivorship,

because the scarce acceptance of inert diets

and low nutrient assimilation as well as the

mortality stress from handling (Vazquez et al.,
2013). Considered these three problems, the

solution must be the live food production

(Lavens and Sorgeloos, 1996) to feed Mexican

Atherinopsids. Blancas-Arroyo et al. (3003)

prove that first larval stages feeding with live

food and then mixed with inert diets until

changes 100% to exogenous diet given better

results. The combination technique with live

food and inert diets can be the technology to

use at different production laboratories or in

earth ponds aquaculture. Another solution can

be produce inert diets specifically for white fish

and “charal” and stop using trout, tilapia or carp

artificial diets, which have different nutritional

components very different to nutritional needs

for Chirostoma genus (Chacon-Torres et al.,
2003; Figueroa-Lucero et al., 2003; Martinez-

Palacios et al., 2003). The inert diets to

Chirostoma genus can be add with benefic

substances or microorganisms that increase the

enzymatic activity and nutrient assimilation of



Hernández-Batista et al. (2015) The genus Chirostoma (Actinopterygii: Atheriniformes) in …

Int. J. Aqu. Sci; 6 (1): 67-83, 2015 77

this fishes in different stages and consequently

the survival increase of fish larvae as has

happened in other species (Monroy et al.,
2012).

Helfman (2007a) mentioned that ex situ
actions maybe was the unique biotechnology for

conservation this endemic fishes whose habitat

is ecological damage. In this case, the use of

aquariums or little ponds is a viable option to do

better management and reproductions

conditions. For this purpose IUCN (2002),

propose several recommendations to those

populations that are under risk of extinction

(Table 3).

Tab. 3: Expect goals for ex situ conservation actions.

 Increase public and political awareness, understanding the important conservation issues and significance of extinction.

 Genetic and demographic population coordinated management of threatened taxa.

 Re-introduction and support to wild populations.

 Habitat management.

 Restoration.

 Long-term gene and biomaterial bank management.

 Academic institution strengthening.

 Job training capacity.

 Sharing appropriated production benefits.

 Scientific studies in biological and ecological questions relevant to in situ conservation.

 Fundraising to support activities.
Note: IUCN (2002).

In conclusion, it is possible to implement

programs in situ and execute ex situ actions for

conservation of species of Chirostoma genus in

Mexico. The conservation activity of these

endemic fish can do from two perspectives: a)

better fisheries regulation programs with

aquaculture pilot projects development and

their commercial implementation; and b)

bioremediation of natural white fish and

“charal” habitats.

Scientific studies did not must go only to

molecular taxonomic identification of different

species but also in development of first larval

stages and the improvement of aquaculture

conditions with easily biotechnology transfer to

fishermen needs and small producers. Also is

important to create a permanent germplasm

“stock” in aquariums and gene banks which

storing freezing gametes.
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