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Abstract: The knowledge of the reproductive physiology of fish of commercial interest is fundamental to optimize reproduction in wildlife or
in captivity, so this research aims to determine and compare the seminal quality of Chirostoma jordani and Chirostoma humboldtianum. A
sample of 20 specimens of each species from the state of Tlaxcala and Mexico City were obtained, respectively, from which the semen was
obtained by slightly pressing the abdominal region in the operculum-caudal direction, collected with a micropipette of 100 μL and placed in
microcentrifuge tubes. According to the results, the mean volume of semen was 2.73 ± 1.0 μL for C. jordani and 2.47 ± 1.8 μL in C.
humboldtianum, while the mean sperm concentration was 9.24 ± 4.32 x 106 spermatozoa mL-1 and 15.58 ± 13.81 x 106 spermatozoa μL-1

respectively, with 95.10 ± 4.90 % and 92.10 ± 1.89 % of live cells respectively, and average motility of 437.85 ± 90.37 s and 549.40 ± 31.80
s respectively. Finding significant differences in the motility time between both species. Information that contributes to the knowledge of the
reproductive biology of C. jordani and C. humboldtianum to improve their reproduction in captivity or wildlife.
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Introduction
The white and charal fishes are considered endemic
species and they are distributed naturally although
most of them were introduced in 16 States of the
Mexican Republic: Aguascalientes, Coahuila, Chih-
uahua, Durango, Guanajuato, Hidalgo, Jalisco,
México, Michoacán, Morelos, Nuevo León, Puebla,
San Luis Potosí, Sinaloa, Tamaulipas and Veracruz
(Espinosa et al., 1993).

Based on the studies conducted by Miller et al.
(2005), they were reallocated within the Menidia
genus, although it is customary to allocate them within
the previous genus: Chirostoma (Scharpf, 2007).

These genus includes 19 species and some of
them possess high commercial relevance, such as:
the white fish (Chirostoma humboldtianum) and
several silverside types, e.g. C. jordani, C. attenuatum
and C. chapalae. The population of almost every
species within the Chirostoma genus is drastically

decreased due to overexploitation, pollution, habitat
destruction and introduction of foreign species (Rojas,
2013).

The studies conducted on C. jordani and C.
humboldtianum have been focused on the type and
selection of food in their wildlife (Navarrete et al.,
1996; Fernández et al., 2008), feed for charal larvae,
growth assessment, mortality, survival and jaw
development (Navarrete and Contreras, 2011;
Sánchez-Merino et al., 2006; Figueroa-Lucero et al.,
2004), helminthic records (Hernández et al., 2008),
stress control after catching, handling and transporta-
tion (Blancas et al., 2014), testicular development and
maturity (Uria et al., 1998), reproductive biology,
ontogeny (Ramírez-Sevilla, 2006), structure, oocyte
development, ultrastructure, hormone levels (Blancas-
Arroyo et al., 2008; Cárdenas et al., 2008),
reproductive aspects (Ibañez et al., 2008), intra-
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specific karyotype variation (Urbina-Sánchez et al.,
2016), among other aspects. However, there is no
study describing semen in C. jordani and C.
humboldtianum quality so this information is important
to understand the reproductive physiology of males of
both species.

Taking this into account, the aim of this study was
to assess and to compare C. jordani and C.
humboldtianum semen quality. This information will
contribute to obtain parameters intended to optimize
their reproduction either in captivity or in the wild.

Materials and Methods
Sampling
C. jordani specimens (n=20) were collected from the
Atlangatepec Dam (Tlaxcala, Mexico) with average
weight of 5.0 ± 1.2 g and total length of 8.6 ± 0.6 mm
whereas C. humboldtianum (n=20) were provided by
the Aquaculture Experimental Plant of Universidad
Autónoma Metropolitana Unidad Iztapalapa, Mexico
City with average weight of 14.3 ± 1.1 g and total
length of 17.8 ± 1.4 mm.

Water excess was dried in each specimen and
semen was obtained by applying slight abdominal
pressure in the operculum-caudal sense. The sample
was collected by using a 100 µL micropipette and it
was placed on microfuge tubes. It was verified that
samples did not contained urine, stool, blood or water
traces (Bustamante et al., 2016a).

Semen evaluation
Semen was collected by using a 100 µL micropipette
and volume was expressed in µL. Sperm
concentration was expressed as the number of cells
per mL and it was assessed from a previously
homogenized stock solution consisting of 1:5:1 NaCl,
formaldehyde and semen sample. Counting was
performed under an Olympus Optical BX41TF®

microscope with a Neubauer chamber and by using
the Image-Pro 5.1® software (modified from
Rodríguez et al., 2016).

Sperm viability was evaluated based on
membrane integrity. Briefly, 3 µL of semen were
mixed with 1 µL of eosin-nigrosin. Those stained in
red or pink were considered dead, whereas those
unstained were considered viable (modified from
Kuradomi et al., 2016).

Motility was assessed by activating 1 µL of
semen with 5 µL of water of the environment. Total
duration was registered in seconds as observed under
an Olympus Optical BX41TF® microscope using a 40X

magnification (modified from Rodríguez et al., 2016).

Statistical analysis
Study variables were processed by using descriptive
analysis such as: mean, standard deviation (SD), as
well as maximum and minimum values. In order to
identify significant differences regarding semen quality
between both species, a Student’s t test was
performed with a P < 0.05 significance level (Daniel,
2017).

Results
C. jordani semen quality
Mean semen volume was 2.73 ± 1.0 µL for C. jordani,
displaying maximum and minimum values of 5.29 and
1.23 µL, respectively. Mean sperm concentration was
9.24 ± 4.32 x 106 sperms mL-1, whereas maximum
and minimum values were 19.50 x 106 and 3.75 x 106

sperms mL-1, respectively. Viability percentage was
95.10 ± 4.90 % and its maximum and minimum
values were 97 and 91 live cells, respectively. Finally,
mean motility was 437.85 ± 90.37 s with maximum
and minimum values of 524 and 162 s, respectively.

C. humboldtianum semen quality
Mean semen volume was 2.47 ± 1.8 µL for C.
humboldtianum, displaying maximum and minimum
values of 5.61 and 0.06 µL, respectively. Mean sperm
concentration was 15.58 ± 13.81 x 106 sperms mL-1,
whereas maximum and minimum values were 51.00 x
106 and 3.75 x 106 sperms mL-1, respectively. Viability
percentage was 92.10 ± 1.89 %, and its maximum
and minimum values were 96 and 93 live cells,
respectively. Finally, mean motility was 549.40 ±
31.80 s with maximum and minimum values of 591
and 499 s, respectively.

Semen quality comparison
Semen production and sperm viability of C. jordani
and C. humboldtianum showed no differences (P >
0.05). However, differences in concentration and
sperm motility were detected between both species (P
< 0.05) (Fig. 1).

Discussion
Semen quality evaluation is essential for aquaculture
and fishing in order to improve the reproductive
efficiency of commercially relevant species and also to
introduce and or repopulate those species affected by
anthropogenic damages. Such quality is correlated
with volume, sperm concentration, viability and
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morphology, as without enough viable and motile
sperms possessing a suitable morphology, oocyte
fertilization or embryo production would not occur
(Bustamante et al., 2016a).

Fig. 1: A) Sperm concentration (mean ± SD); B) Duration of
sperm motility (mean ± SD). Upper indexes indicate

significant differences (P ˂ 0.05) Student’s t test.

According to the report by Bobe and Labbé (2010)

as well as that by Hajirezaee et al. (2010), semen
quality is defined as the measure of the sperm ability
to successfully fertilize the oocyte and any quantifiable
physical parameter directly correlated with this ability,
which is the main sperm quality marker (Rurangwa et
al., 2004; Cosson, 2008; Bobe and Labbé, 2010).

Base on the results of the present investigation
the volume, sperm concentration, viability and motility;
are variables that vary at individual and species level,
which coincide with that reported by Piironen (1985)
and Bustamante et al. (2016b) who point out that the
quality of semen varies considerably among
individuals of the same species.

Semen quality evaluation is scarce for
Atheriniformes in order to perform a comparison.
Among these few studies, that published by Blancas-
Arroyo et al. (2004) reported a maximum and
minimum semen volumes of 150 µL and 50 µL,
respectively. These are above the values observed in
this study for C. jordani and C. humboldtianum as
maximum their respective volumes were 5.29 and
5.61 µL, whereas minimum were de 1.23 and 0.06
µL.

Conversely, Strūssmann et al. (1994) reported
maximum and minimum volumes of 200 µL and 100
µL, respectively for Odontesthes bonariensis. These
value is higher when compared to that reported by
Miranda et al. (2005) for the same species as
production was 4.63±1.54 µL. For C. humboldtianum,
Blancas-Arroyo et al. (2004) reported maximum and
minimum volumes of 150 µL and 50 µL, whereas in
this study maximum volumes were 5.29 and 5.61 µL,
whereas minimum were 1.23 and 0.06 µL for C.
jordani and C. humboldtianum, respectively.

Furthermore, when the mean semen production
values obtained for C. jordani and C. humboldtianum
in this study (2.73 ± 1.0 and 2.47 ± 1.18 µL,
respectively) were compared those for other teleost
belonging to different families is lower regarding
species as Oncorhynchus mykiss nelsoni (355 µL)
(Aguilar et al., 2014), Danio rerio (10.0 ± 0.0 µL) (Jing
et al., 2009), Barbus barbus (420 µL) (Alavi et al.,
2008). Conversely, it is higher when compared to the
values observed for Moenkhausia sanctaefilomenae
(2.14 ± 1.55 µL) (Domínguez et al., 2015) and
Jenynsia multidentata (2.0 µL) (Roggio et al., 2014).

With regard to sperm concentration, Blancas-
Arroyo et al. (2004) report 17.760 x 106 mL-1 sperm in
C. humboldtianum that surpasses the values of the
present investigation for both species. For the same
family Mirandas et al. (2005) indicate a maximum
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concentration of 6.5 x 109 mL-1 spermatozoa in O.
bonariensis that exceed that reported.

When comparing the sperm concentration
obtained in the present study for C. jordani and C.
humboldtianum 9.24 ± 4.32 x 106 and 15.58 ± 13.81 x
106 spermatozoa mL-1 respectively, with other teleosts
is inferior to that obtained in species such as: C.
sanctaefilomenae 6.8 ± 292,82 x 108 (Domínguez et
al., 2015), O. mykiss nelsoni 1.2 x 109 (Aguilar et al.,
2014) and D. rerio 7.9 ± 12.4 x 107 spermatozoa mL-1

(Jing et al., 2009) and higher than that of J.
multidentata 5.5 x 106 spermatozoa mL-1 (Roggio et
al., 2014) for both species.

According to Bustamante et al. (2016a) and Alavi
et al. (2008) the variations in volume and sperm
concentration between the same or other species
could be a function of the reproductive period, size,
weight and sexual maturity of the species.

With regard to Rurangwa et al. (2004), sperm
viability is defined as their ability to be motile and to
fertilize an oocyte. However, in this study such
variable was measured as membrane integrity based
on the absorption of the eosin dye. This method has
been used in order to assess the viable percentage of
the cells in multiple species such as: D. rerio (Gerber
et al., 2016), Piaractus mesopotamicys (Kuradomi et
al., 2016), Brycon opalinus (Viveiros et al., 2012) and
Brycon henni (Tabares et al., 2006). The results
obtained showed a percentage of viable cells above
80 %, as reported in this study for C. jordani and C.
humboldtianum.

Conversely, the sperm motility value reported in
this study was 437.85 ± 90.37 and 549.40 ± 31.80 s
for C. jordani and C. humboldtianum, respectively.
This duration value was higher when compared to that
obtained by Blancas-Arroyo et al. (2004) for C.
humboldtianum (maximum and minimum mean
motility values 86.6 and 36.9 s), to that observed by
Alves et al. (2016) as they reported a duration of
147.3 ± 10.3 s for O. bonariensis. The duration value
was also higher regarding that reported for teleost
belonging to other families, such as: Cyprinus carpio
(59.0 ± 7.0 s) (Öğretmen et al., 2015), Oncorhynchus
mykiss (375 s) (Sahin et al., 2014), Pseudoplatystoma
metaense (48.23 ± 4.85s) (Ramírez et al., 2011),
Prochilodus lineatus (88.62 ± 50 s) (Felizardo et al.,
2010), Ctenopharyngodon idellus (36.14 ± 1.15s)
(Metwally and Fouad, 2009), whereas it was lower
compared to the value obtained for Pangasianodon
hypophthalmus (632s) (Kuppusamy and Natesan,
2014).

Additionally, the differences regarding motility
duration are attributed to the use of an activating
solution such as the use of solutions based on salts
and sugars, which favors the sperm metabolic
activation they must respond to physical-chemical
changes of osmotic pressure, ion balance,
temperature and pH (Alavi and Cosson 2005; 2006).

However, motility also depends on the amount of
mitochondria and the available energy reserves
(Browne et al., 2015), as they are responsible for the
chemical energy derived from ATP hydrolysis and the
mechanical energy in order to perform the flagellum
movement (Gagnon and de Lamirande, 2006).

According to Blancas-Arroyo et al. (2004);
Rurangwa et al. (2004); Bradshaw and Holpsafel,
(2007); Bobe and Labbé, (2010); Hajirezaee et al.
(2010); Aragón et al. (2014) and Bustamante et al.
(2016b), differences regarding sperm volume,
concentration and motility among different organisms
or species are attributed to the amount and quality of
food, age, geographical conditions, reproductive
season, gamete collecting method as well as
environmental stimuli such as temperature and
photoperiod.

This demonstrates that sperm volume, concentra-
tion, viability and motility are parameters defining
semen quality and they may be used as markers of
their fertilizing ability (Rurangwa et al., 2004; Cosson,
2008; Bobe and Labbé, 2010; Hajirezaee et al., 2010).
Thus, this information contributes to the knowledge of
C. jordani and C. humboldtianum reproductive
species. Both of them are Mexican species and this
information may be useful for future studies.

Acknowledgments
Tlaxcala State Fishing Sub-delegation for authorizing
this study, fishermen from Economic Unit, the
Atlangatepec Aquaculture Center for their help.
Universidad Autónoma Metropolitana and CONACYT
for granting the fellowship 465467 as well as the
anonymous reviewers for their contribution to improve
the manuscript.

References
 Aguilar J.M., Ruiz C.G. and Paniagua C.G. (2014) Cold

storage of the sperm of the endemic trout Oncorhynchus
mykiss nelsoni: a strategy for short-term germplasm
conservation of endemic species. Revista Mexicana de
Biodiversidad, 85: 294-300.

 Alavi S.M.H. and Cosson J. (2005) Sperm motility in fishes
(I) effects of temperature and pH: A review. Cell Biology
International, 29: 101-110.



Bustamante González et al. (2018) Semen evaluation in Chirostoma jordani (Woolman, 1894) and …

Int. J. Aqu. Sci; 9 (1): 38-43, 2018 42

 Alavi S.M.H. and Cosson J. (2006) Sperm motility in fishes
(II) effects of ions and osmolality: A review. Cell Biology
International, 30: 1-14.

 Alavi S.M.H., Psenicka M., Rodina M., Policar T and
Linhart, O. (2008) Changes of sperm morphology,
volumen, density and motility and seminal plasma
composition in Barbus barbus (Teleostei: Cyprinidae)
during the reproductive season. Aquatic Living Resources,
21: 75-80.

 Alves P.J., Corcini C.D., Silva F.E., Caldas S.J., Cardoso
F.T., Piedras R.N.S., Jardim D.R., and Junior V.A.S.
(2016) The role of amides in seminal cryopreservation of
wild silverside Odontesthes bonariensis. Cryobiology, 73:
383-387.

 Aragón F.E.A., Martínez C.L. and Valdez H.E.F. (2014)
Efecto del fotoperiodo en peces de consumo cultivados en
distintos tipos de sistemas experimentales. Bio Ciencias,
3(1): 17-27.

 Blancas-Arroyo G.A., Figueroa-Lucero G., Barriga-Sosa I.
de los A. and Arredondo-Figueroa J.L. (2004) Effects of an
artificial photothermal cycle on the reproduction of the
shortfin silverside, Chirostoma humboldtianum,
Valenciennes, 1835 (Pisces: Atherinopsidae). Aquaculture,
241: 575-585.

 Blancas A.G.A., Frías S.R., De la Rosa P.E., Suárez N.V.,
Castro G.J.R. and Magaña, M.J. (2014) Efecto de la
salinidad en la sobrevivencia de peces silvestres del
género Chirostoma durante el transporte y mantenimiento
en laboratorio. Hidrobiológica, 24: 223-230.

 Blancas-Arroyo G.A., Barriga-Sosa I. de los A., Morato-
Cartagena T., Romero-Ramírez C.M., and Arredondo-
Figueroa J.L. (2008) Association between ovarian
development and serum concentrations of 17 beta-
estradiol and 17 alpha-hydroxy-4-pregnen-3-one in first
maturation females of the shortfin silverside fish,
Chirostoma humboldtianum (Atheriniformes:
Atherinopsidae). Veterinaria México, 39: 67-80.

 Bobe J. and Labbé C. (2010) Egg and sperm quality in
fish. General and Comparative Endocrinology, 165: 535-
548.

 Bradshaw W.E. and Holzapfel C.M. (2007) Evolution of
animal photoperiodism. Annual Review of Ecology
Evolution and Systematics, 38: 1-25.

 Bustamante G.J.D., González R.M., Rodríguez G.M.,
Cortes G.A. and Ávalos R.A. (2016a) Methodologies for
spermatic evaluation in teleost. International Journal of
Aquatic Science, 7: 95-106.

 Bustamante G.J.D., Rodríguez G.M., Cortes G.A. and
González R.M. (2016b) Reproductive behavior of male
rainbow trout (Oncorhynchus mykiss) during reproductive
period. Scientific Journal of Animal Science, 5: 261-267.

 Browne R.K., Kaurova S.A., Uteshev V.K., Shishova N.V.,
McGinnity D., Figiel C.R., Mansour N., Agnew D., Wu M.,
Gakhova E.N., Dzyuba B. and Cosson J. (2015) Sperm
motility of externally fertilizing fish and amphibians.
Theriogenology, 83: 1-13.

 Cárdenas R., Chávez M., González J.L., Aley P., Espinosa
J. and Jiménez-García, L.F. (2008) Oocyte structure and

ultrastructure in the Mexican silverside fish Chirostoma
humboldtianum (Atheriniforme: Atherinopsidae). Revista
de Biología Tropical, 56: 1371-1380.

 Cosson J.J. (2008) Methods to Analyse the Movements of
Fish Spermatozoa and their Flagella. In: Alavi S.M.H.,
Cosson J.J., Coward K. and Rafiee G (Eds.). Fish
spermatology. Alpha Sience, Oxford, pp. 64-102.

 Daniel W.W. (2017) Bioestadística base para el análisis de
las ciencias de la salud. LIMUSA. 4ª edición, México. 928
p.

 Domínguez C.O., Toledano O.A. and Ávalos R.A. (2015)
Efecto del suplemento de astaxantina sobre la calidad
seminal en Moenkhausia sanctaefilomenae (Teleostei:
Characidae). Latin American Journal of Aquatic Research,
43: 215-221.

 Espinosa P.H., Gaspar M.P. and Fuentes P. (1993)
Listados faunísticos de México. III. Los peces
dulceacuícolas mexicanos. Universidad Nacional
Autónoma de México. México, D.F. 99 p.

 Felizardo V.O., Mello R.A., Murgas L.D.S., Andrade E.S.,
Drumond M.M. and Rosa P.V. (2010) Effect of
cryopreservant combinations on the motility and
morphology of curimba (Prochilodus lineatus) sperm.
Animal Reproduction Science, 122: 259-263.

 Fernández G.E., Navarrete S.N.A. and Rodríguez R.J.L.
(2008) Alimentación de Chirostoma humboldtianum
(Valenciennes); (Pisces: Atherinopsidae) en el estanque
JC en Soyaniquilpan, Estado de México. Revista Chapingo
Serie Ciencias Forestales y del Ambiente, 14: 129-134.

 Figueroa-Lucero G., Meza-González O., Hernández-Rubio
M.C., Barriga-Sosa I. de los A., Rodríguez-Canto A. and
Arredondo-Figueroa J.L. (2004) Growth, survival and
mandible development in the larvae of the shortfin
silverside Chirostoma humboldtianum (Valenciennes)
(Atheriniformes: Atherinopsidae) under laboratory
conditions. Aquaculture, 242: 689–696.

 Gagnon, C. and de Lamirande, E. (2006) Controls of
sperm motility. In: De Jonge, C. and Barratt, C (Eds.). The
sperm cell, production, maturation, fertilization,
regeneration. Cambridge University Press, pp. 108-132.

 Gerber M.D., Varela J.A.S., Schwartz C.J., Dahl C.C.,
Lucia J.T., Bilhalva C.L. and Kunde C.E. (2016) Toxicity
evaluation of parboiled rice effluent using sperm quality of
zebrafish as bioindicator. Ecological Indicators, 61: 214-
218.

 Hajirezaee S., Amiri B.M. and Miruaghefi A. (2010) Fish
milt quality and major factors influencing the milt quality
parameters: A review. African Journal of Biotechnology, 9:
9148-9159.

 Hernández H.D.L., Pulido F.G. and Monks S. (2008)
Registro helmintológico de Chisostoma jornadi Wollman,
1894, del lago de Tecocomulco, Hidalgo, México. In:
Pulido F.G., Monks S., Miranda R. and Galicia D (Eds.).
Estudios Científicos en el lago de Tecocomulco, Hidalgo y
zonas aledañas. Universidad Autónoma del Estado de
Hidalgo, México, pp. 57-76.

 Ibáñez A.L., García-Calderón J.L. and Torres-Orozco R.B.
(2008) Aspectos reproductivos de una población del charal



Bustamante González et al. (2018) Semen evaluation in Chirostoma jordani (Woolman, 1894) and …

Int. J. Aqu. Sci; 9 (1): 38-43, 2018 43

M. jordani (Woolman) del lago de Metztitlán, Hidalgo.
Hidrobiológica, 18: 1-9.

 Jing R., Huang C., Bai C., Tanguay R. and Dong Q. (2009)
Optimization of activation, collection, dilution, and storage
methods for zebrafish sperm. Aquaculture, 290: 165-171.

 Kuppusamy U.R. and Natesan M. (2014) Effect of DNA
damage caused by cryopreservation of spermatozoa using
a modified Single cell gell electrophoresis in the freshwater
catfish Pangasianodon hypophthalmus (Fowler, 1936).
Journal of Coastal Life Medicine, 2: 515-519.

 Kuradomi R.Y., Sousa G.T., Foresti F., Schulz R.W.,
Bogerd J., Moreira R.G., Furlan L.R., Almeida E.A.,
Maschio L.R. and Batlouni S.R. (2016) Effects of re-
stripping on the seminal characteristics of pacu (Piaractus
mesopotamicus) during the breeding season. General and
Comparative Endocrinology, 225: 162–173.

 Metwally M.A.A. and Fouad I.M. (2009) Effects of L-
Ascorbic Acid on Sperm Viability in Male Grass Carp
(Ctenopharyngodon idellus). Global Veterinaria, 3: 132-
136.

 Miller R.R., Minckley W.L. and Norris S.N. (2005)
Freshwater fishes of México. The University of Chicago
Press. 490 p.

 Miranda L.A., Cassará M.C. and Somoza G.M. (2005)
Increase of milt production by hormonal treatment in the
pejerrey fish Odontesthes bonariensis. Aquaculture
Research, 36: 1473-1479.

 Navarrete N.A., Sánchez R. and Rojas M.L. (1996)
Selección del zooplancton por el charal Chirostoma jordani
(Atheriniformes: Atherinidae). Revista de Biología Tropical,
44: 757-761.

 Navarrete S.N.A. and Contreras R.G. (2011) Crecimiento y
mortalidad del charal (Menidia jordani) en el estanque
Guillermo Lagunes (GL), Estado de México. Revista
Chapingo Serie Ciencias Forestales y del Ambiente, 17:
407-410.

 Öğretmen F., Inanan B.E., Kutluyer, F. and Kayim M.
(2015) Effect of semen extender supplementation with
cysteine on postthaw sperm quality, DNA damage, and
fertilizing ability in the common carp (Cyprinus carpio).
Theriogenology, 83: 1548-1552.

 Piironen J. (1985) Variation in the properties of milt from
the Finnish landlocked salmon (Salmo salar m. sebago
Girard) during a spawning season. Aquaculture, 48: 337-
350.

 Ramírez M.J., Medina R.V. and Cruz C.P. (2011) Variación
estacional de las características seminales del bagre
rayado Pseudoplatystoma metaense (Teleostei,
pimelodidae). Revista MVZ Córdoba, 16: 2336-2348.

 Ramírez-Sevilla R. (2006) Biología reproductiva y
ontogenia de Chirostoma humboldtianum (Valenciennes,
1835) (Pisces: Atherinopsidae) en condiciones de
laboratorio. Doctorado en Ecología, Secretaría de

Investigación y Posgrado, Escuela Nacional de Ciencias
Biológicas, Instituto Politécnico Nacional. 155 p.

 Rodríguez G.M., Cortes G.A and Guardiola, K.A. (2016)
Carpa común. Bases de la reproducción inducida.
Universidad Autónoma Metropolitana, México. 110 p.

 Rojas C.P.M. (2013) Avances en el cultivo del pescado
blanco. Instituto Nacional de Pesca. México. 78 p.

 Roggio M.A., Teves M.E., Hued A.C., Giojalas L.C. and
Bistoni M.A. (2014) Spermatozoa characterization in the
one-sided livebearing Jenynsia multidentata
(Cyprinodontiformes: Anablepidae). Revista de Biología
Tropical, 62: 997-1006.

 Rurangwa E., Kime D.E., Ollevier F. and Nash J.P. (2004)
The measurement of sperm motility and factors affecting
sperm quality in culture fish. Aquaculture, 234: 1-28.

 Sahin T., Kurtoglu I.Z. and Balta F. (2014) Quantitative
characteristics of Rainbow Trout (Oncorhynchus mykiss)
semen throughout the reproductive season. Turkish
Journal of Science & Technology, 26: 81-87.

 Sánchez-Merino R., Díaz-Zaragoza M., Navarrete-Salgado
N.A., García-Martínez M.L., Ayala-Niño F. and Flores-
Aguilar M.D. (2006) Crecimiento, mortalidad y
sobrevivencia del charal Chirostoma humboldtianum
(Atherinopsidae) en el embalse San Miguel Arco,
Soyaniquilpan, Estado de México. Revista Chapingo, Serie
Ciencias Forestales y del Ambiente, 12: 151-154.

 Scharpf C. (2007) Annotated checklist of North American
freshwater fishes, including subspecies and undescribed
forms. Part III: Atherinopsidae through Synbranchidae.
American Currents, 33: 1-40.

 Strüssmann C.A., Renard P., Ling H. and Takashima F.
(1994) Motility of pejerrey Odontesthes bonariensis
spermatozoa. Fisheries Science, 60: 9-13.

 Tabares C.J., Montoya A.F., Arboleda L., Echeverri A.,
Restrepo L.F. and Olivera, A.M. (2006) Efecto de la
pluviosidad y el brillo solar sobre la producción y
características del semen en el pez Brycon henni (Pisces:
Characidae). Revista de Biología Tropical, 54: 179-187.

 Urbina-Sánchez I., Paniagua-Chávez C.G., Fierro R.,
Figueroa-Lucero G. and Barriga-Sosa I. de los A. (2016)
Intraspecific karyotypic variation in the silverside fish
Chirostoma humboldtianum (Atheriniformes: Atherinops-
dae). Hidrobiológica, 16: 93-101.

 Uria G.E., Moncayo L. Ma. E. and Garibay G.R. (1998)
Desarrollo y madurez testicular del charal Chirostoma
humboldtianum (Pisces: Atherinidae), del embalse
Huapango, Edo. de México. Hidrobiológica, 8: 9-18.

 Viveiros A.T.M., Orfão l.H., Nascimiento A.F., Corrêa F.M.
and Caneppele D. (2012) Effects of extenders, cryoprotec-
tants and freezing methods on sperm quality of the
threatened Brazilian freshwater fish pirapitinga-do-sul
Brycon opalinus (Characiformes). Theriogenology, 78:
361-368.




