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ABSTRACT
Effects of incubation temperature (18, 20, 22 and 24 ºC) and salinity (0, 4, 8, 12, 16, 20 and 24 g/L) on survival, development
time and hatching size, during the embryonic period until hatching, of two freshwater endemic Mexican aterinopsids:
Chirostoma humboldtianum (Valenciennes, 1835) and Chirostoma riojai Solórzano and López (1965) were investigated.
Embryos of both species did not survive at salinities up to 12 g/L. Hatching percentage was the highest at 22 °C and 0
g/L salinity, in both species (87%) and the lowest at 18º and 4-8 g/L in C. humboldtianum (39.95%) and at 24 ºC and 12
g/L in C. riojai (33.23%). Hatching times were inversely proportional to incubation temperature increase; it was 15.5 ±
0.26 days in C. humboldtianum, and 12.4 ± 0.31 days in C. riojai, at 18 ºC. At 24 ºC, this period was 9.8 ± 0.11 and 7.8 ± 0.24
days, respectively. Hatching size was larger on high temperature and smaller on high salinity. The optimal temperaturesalinity combination for hatching size was 24º C and 0 g/L in C. humboldtianum and 24 ºC and 4 g/L in C. riojai. There
was an interactive effect of temperature and salinity on percentage hatching and on hatching size. Although these
species have low salinity tolerance, the use of salt has prophylactic uses for controlling pathogens sensitive to salt. C.
humboldtianum and C. riojai are potential candidates for aquaculture for restocking purposes.
Key words: Atherinopsidae, embryo, silverside, survival, tolerance.

RESUMEN
Los efectos de la temperatura (18, 20, 22 y 24 ºC) y la salinidad (0, 4, 8, 12, 16, 20 y 24 g/L), fueron evaluados sobre la
sobrevivencia, tiempo de desarrollo y talla de eclosión, de embriones de dos aterinópsidos endémicos dulceacuícolas
mexicanos: Chirostoma humboldtianum (Valenciennes, 1835) y Chirostoma riojai Solórzano y López, 1965. Los embriones de ambas especies no sobrevivieron en salinidades superiores a 12 g/L. El mayor porcentaje de eclosión se obtuvo
a 22 ºC y 0 g/L de salinidad, en ambas especies (87%) y el más bajo a 18 ºC y 4-8 g/L en C. humboldtianum (39.95%) y
24 ºC y 12 g/L en C. riojai (33.23%). Los tiempos de eclosión disminuyeron conforme el incremento de la temperatura,
desde 15.5 ± 0.26 días para C. humboldtianum y 12.4 ± 0.31 días en C. riojai a 18 ºC, hasta 9.8 ± 0.11 y 7.8 ± 0.24 días,
respectivamente, a 24º C. La talla de eclosión aumento con el incremento de la temperatura y disminuyó con salindades
altas. La combinación óptima de temperatura-salinidad para la talla de eclosión fue 24º C-0 g/L en C. humboldtinum y
24 ºC-4 g/L en C. riojai. Se presentó un efecto interactivo entre la temperatura y la salinidad en el porcentaje y la talla
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de eclosión. Aunque estas especies son poco tolerantes a la salinidad, el uso de la sal tiene efectos profilácticos para
controlar patógenos sensibles a este. C. humboldtianum y C. riojai, son candidatos potenciales en acuacultura para
propósitos de repoblación.
Palabras clave: Atherinopsidae, embrión, sobrevivencia, tolerancia.

Introduction
Life history of fish has a series of crucial developmental events,
which are affected by extrinsic and intrinsic factors. Among the
extrinsic factors, temperature is the factor with the greatest effect on development, growth and survival. Temperature effects on
embryonic period may have an impact later in life history of fish
(Wootton, 1990; Kamler, 1992).
Higher temperature values that are within species tolerance
interval often induce abnormalities, particularly in the embryonic
and larval periods. These abnormalities may affect the efficiency
with which both the embryo uses the yolk and how food is used
in subsequent developmental periods (Pavlov & Moksness, 1997;
Tucker, 1998; Sfakianakis et al., 2004). Fish development is also
associated with changes in temperature. If the temperature tolerance range at which a species can live is wide, it becomes significantly shorter for each stage of development (Nikolsky, 1963).
During the endogenous feeding period the only source of energy
is the yolk sac; therefore both survival and yolk utilization efficiency define the optimum temperature range (Kamler et al., 1998).
Salinity is another extrinsic factor that also affects fish development. For those species that live in water with fluctuating
salinity, or which move between bodies of water with different
salinities, salinity acts as a masking factor, influencing osmotic
and ionic regulation. It also acts as a directive factor in movement
for those species that migrate. In euryhaline species, salinity preferences can change with the physiological and developmental
stage fish (Holliday, 1969; Wootton, 1990).
Moreover, salinity reduces stress on fish during handling
(Haswell &Thorpe, 1982), acts as a prophylactic agent (Altinok &
Grizzle, 2001; Figueroa-Lucero et al., 2004; Hernández-Rubio et al.,
2006) and increases survival and motility of the sperm, resulting in
higher reproductive success (Elofsson et al., 2003).
In this study, it is recognized the genus Chirostoma in agreement to results of Bloom (Bloom et al., 2009, 2013). Genus Chirostoma Swainson includes endemic species, with a marine common
ancestor, that inhabit lentic bodies of the Mesa Central in Mexico,
although three taxa, C. jordani Woolman 1894, C. humboldtianum
(Valenciennes 1835) and C. mezquital Meek 1904, extend beyond
this region (Barbour, 1973; Miller et al., 2005). C. humboldtianum
is the species most similar to this ancestor and reaches a length
of 200-250 mm; C. riojai Solórzano & López 1965, is a species with
primitive features and reaches a length of 74 mm (Barbour, 1973).
These species, like others in this genus, are commercially fished

and traditionally consumed in Mexico. They have aquaculture
potential; however, the aquaculture success is poor because of
the limited knowledge regarding factors, which affect their early
development.
In recent years, populations of these species have been
markedly affected by pollution and habitat alteration (Soto-Galera
et al., 1998; Ford et al., 2000). In consequence, C. humboldtianum
populations are endangered and C. riojai is in risk of extinction
(Mexican Official Standard NOM-059-SEMARNAT-2010 ) and it
must be considered Critically Endangered because is sensitive to
environmental degradation and its range is now less than 10 km2
and previously contiguous populations are now severely fragmented (Soto-Galera et al., 2008). This is the first study to examine
salinity-tolerance/effects in these species. The aim of this paper
was to determine temperature and salinity effects and their combined effects on timing, survival and size at hatching of both species, in order to determine optimum levels of these factors during
embryonic period for maximizing free embryos survival.

Materials and methods
Broodstocks of Chirostoma humboldtianum from Las Tazas dam
and broodstocks of C. riojai from San Jacinto dam, both in Mexico
State, Mexico, were caught to obtain eggs. Broods of each species were maintained in ponds of 5 m3, at 20 ºC. C. humboldtianum
adults were fed with juveniles of Heterandria sp Agassiz 1853
(Poecilidae) and C. riojai adults were fed with cladoceran Moina
macrocopa (Straus, 1820).
Eggs were obtained by in vitro fertilization (Hernández-Rubio
et al., 2006). Broods were anesthetized in benzocaine (8 mg L−1).
Ova and semen were placed in water at 5 g L−1 of salinity and 20
ºC and were gently mixed for a few minutes. The silverside eggs
have filaments to attach to vegetation during natural spawning.
These were cut once the perivitelline space had been formed, to
avoid proliferation of fungi and bacteria.
Experimental design and rearing conditions. Batches of ten eggs,
with three replicates, were placed in 250 mL covered glass with
filtered water, at each experimental temperature and salinity.
The water of each treatment was replaced every third day, until
hatching. Each treatment was one combination of the following
salinities: 0, 4, 8, 12, 16, 20 and 24 g L−1 (Sigma, TM) and temperatures: 18, 20, 22 and 24 ºC.
Under laboratory conditions, both species spawned between
17 and 21 ºC; reproduction was not successful at 15 ºC (FigueroaHidrobiológica
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Lucero et al., 2007); subsequently temperatures rise during C.
humboldtianum and C. riojai early development. Therefore, in the
present study, the experimental viable temperatures were 18, 20,
22 and 24 ºC. With respect to salinity, we chose this range of salinities to test because the salinity tolerance of the eggs in these
species is unknown.
Age of embryos was estimated from activation, i.e. the moment when water was added to the ova mixed with milt. Every day,
mortality and developmental state of embryos were registered.
Percentage hatching, incubation time and size at hatching were
registered. Developmental stages were defined as described by
Balon (1985). The term embryo is applied to fish developing inside
the egg and the term free embryo or eleutheroembryo (ELH) to fish
after hatching.
Values for % hatch (pij) were transformed to the arcsine √pij
(angular transformation) before analysis. Homogeneity of variances was verified by Bartlett’s test before each analysis (Sokal
& Rohlf, 1969) and χ2 was no significant in all cases. Temperature
and salinity effects on % hatch, incubation time, and on eleutheroembryos (ELH) notochordal length (NL) at hatching of each species, were evaluated through a two-way full factorial ANOVA, with
α = 0.05. Duncan’s post hoc multiple range test, for equal sample
sizes, was used for comparing all pairs of treatments means following ANOVA analyses with α set at 0.05 (Montgomery, 1991).
Regressions of % hatch over temperature were performed by
least squares iteration and were fitted to polynomial curves, for
each species and regressions of % hatch over salinity were fitted
to linear functions, y = a + bx, (y = % hatch and x = salinity) (Sokal
& Rohlf, 1969).
Developmental time to hatch over temperature was fitted to
an exponential function y = a exb by least squares iteration, where
y represents time in days to hatch, x represents constant temperature (ºC), within the optimum range, as reported in Kamler,
(1992). Regressions of notochordal length (NL) over temperature
and salinity were performed by least squares methods, where y =
NL (mm) and x = temperature (ºC) or salinity (gL−1) (Sokal & Rohlf,
1969).

Results
Chirostoma humboldtianum ovum has one to four long filaments
(mode = 1) and C. riojai ovum has only one long filament. In both
species, filaments are in vegetal pole and involve their surface.
Eggs are telolecithal, spherical, and pelagic and their chorion is
smooth. C. humboldtianum eggs are 1.36 ± 0.047 mm (n = 100) in diameter and slightly amber colored; C. riojai eggs are transparent
and have a diameter 1.24 ± 0.05 mm (n = 100). Mean egg diameter
of each species differed significantly (t, p < 0.05).
Percentage of hatching and incubation time. Eggs subjected up
to 16 g L−1 of salinity, died 24 h post-fertilization (division phase)
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and those in 16 g/L−1 of salinity died before hatching, in all the
temperatures, in both species. The experimental viable salinities
were 0, 4, 8 and 12 gL−1.
Both temperature and salinity had a significant effect on
percentage hatching (F3, 32, p < 0.001, two-way ANOVA, in each
species). Duncan tests demonstrated significant differences
among treatments and showed an optimal type curve respect
to temperature. At hatching, 87% of ELH survived at 22º C in C.
humboldtianum and at 20º C in C. riojai. Percentage hatching
was inversely proportional to salinity, survival was the highest at 0 gL−1 (87% in both species) and it was depressed at 4-8
gL−1 salinity in C. humboldtianum (40%) and at 12 gL−1 in C. riojai
(33%).
The interaction between temperature and salinity was also
significant (F9, 32, p < 0.001, two-way ANOVA, in both species) but
it explained only 6.3 and 15% of the variance on % hatching, respectively (Figs. 1-2).
Mean time to hatch was inversely proportional to temperature for each species (Fig. 3). This period ranged from 15.6 ± 0.26
(C. humboldtianum) and 12.4 ± 0.31 (C. riojai) days at 18 ºC, to 9.8
± 0.11 and 7.8 ± 0.24 days at 24 ºC, respectively. In both species,
temperature had the highest effect on mean time to hatch (F3,
32, p < 0.0001, two-way ANOVA). Salinity had a significant effect
on time to hatch in C. riojai embryos but explained only 9.5% of
the variance. The interaction between factors was significant in
mean time to hatch of C. humboldtianum embryos but explained
only 2.4% of the variance (F3, 32, p = 0.03).
Size at hatching. In both species, higher incubation temperature
caused a significantly greater length al hatch (F3, 64, p = 0.003, C.
humboldtianum and F3, 64, p < 0.0001, C. riojai, two-way ANOVA)
and NL embryos was increased inversely to salinity (F3, 64, p =
0.006, and F3, 64, p < 0.0001, respectively, two-way ANOVA). The
interaction between both factors was significant only for C. humboldtianum ELH (F9,64, p = 0.004, two-way ANOVA) (Tables 1-2)
(Figs. 4-5).

Discussion
Temperature is the major extrinsic factor controlling the embryonic period of C. humboldtianum and C. riojai. The first lives in
water temperature range between 12-25 ºC. The second inhabit
in water temperature between 8-24 ºC (Figueroa-Lucero et al.,
2003). In environmental natural conditions, both species spawn all
year; the first has a maximum in January-April and June-August
(Figueroa-Lucero et al, 2007). The second has a maximum from
June to September (Figueroa-Lucero et al., 2003). When the field
temperatures increase (march-august), temperatures near shore
are higher; it is the place where embryos and larvae live and it is
the time when these species are on their early ontogeny (embryonic, larval periods).
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Figure 1. Effect of incubation temperature on % hatching for C. humboldtianum (—) (y = 10.9x3 + 77.2x2 – 151.5x + 130, R2 = 0.95)
and C. riojai (- - -) (y = −11.2x2 + 51.2x + 15.6, R2 = 0.90) embryos.

In laboratory conditions, both species spawned between 17
and 21 ºC; reproduction was not successful at 15 ºC. Increased
temperature resulted in a significantly spawning rate (FigueroaLucero et al., 2007). In the present study, incubation temperature
response was adjusted to an optimal type curve, at both the low
and high ends (18 and 24 ºC) of the temperature range, percentage hatching was lower in both species. These results coincide
with the response to this factor for most fish species, at constant
temperature. Thermal optima can vary depending on life history
and optima for egg incubation may be different from others events
during development (Kamler, 1992; Black, 1998).

Salinity effects in early development of fish have been studied in several marine and estuarine species (Holliday, 1969; Middaugh et al., 1986; Phonlor & Sampaio, 1992) but the use of brackish water in freshwater fish culture is not a common practice,
despite of cichlids which tolerate a great salinity range (Watanabe et al, 1984), or the coho salmon that tolerate up to 19 g L−1 of
salinity (Otto, 1971).
Salinity tolerance can vary in the course of ontogeny. In the
osmoregulation, participant hormones and structures are incorporated progressively in the homeostasis of the organism, whose

Figure 2. Effect of incubation salinity on % hatching for C. humboldtianum (—) (y = 68 – 1.5x, R2 = 0.96) and C. riojai (- - -) (y = 68.9
– 1.6x, R2 = 0.96) embryos.
Hidrobiológica
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Figure 3. Effect of incubation temperature on time to hatching for C. humboldtianum (–) (y = 16.9e−0.14x, R2 = 0.88, n = 48), and C.
riojai (---) (y = 14.4e−0.14x, R2 = 0.93, n = 48). Mean times to hatch were fitted to an exponential function y = aebx (as reported in
Kamler, 1992) by least squares iteration through all raw data, where y = time in days, x = temperature. All were highly significant
(p < 0.001).

Table 1. Notochordal length (NL) hatching in Chirostoma humboldtianum and C. riojai at different each temperatures.
C. humboldtianum
Temperature

Table 2. Notochordal length (NL) hatching in Chirostoma humboldtianum and C. riojai at each salinity.

C. riojai

C. humboldtianum

Mean ± S. E.

n

Mean ± S. E.

n

Salinity

18

4.7 ± 0.05

20

3.66 ± 0.06

20

20

4.8 ± 0.05

20

4.06 ± 0.07

22

4.8 ± 0.06

20

24

4.9 ± 0.04

20

C. riojai

Mean ± S. E.

n

Mean ± S. E.

n

0

4.91 ± 0.04

20

4.08 ± 0.06

20

20

4

4.78 ± 0.07

20

4.16 ± 0.08

20

3.95 ± 0.04

20

8

4.72 ± 0.04

20

3.84 ± 0.06

20

4.19 ± 0.05

20

12

4.7 ± 0.05

20

3.78 ± 0.05

20

Figure 4. Effect of incubation temperature on C. humboldtianum (–) (y=4.65 + 0.06x, R2 = 0.90, n=80, p< 0.001) and C. riojai (---) (y
= −0.065x2 + 0.48x + 3.27, R2 = 0.90, p < 0.001) hatching size. Regressions fitted by least squares methods through all raw data
to linear functions. All were highly significant (p < 0.001). Note logarithmic y-axis. The S. E. for NL hatching was too small to be
represented with the present experimental data and can be found in Table 1.
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Figure 5. Relationship of C. humboldtianum (–) (y = 4.88 e−0.003x, R2 = 0.89, p < 0.001) and C. riojai (---) (y = 4.1 − 0.004x − 0.002x2, R2
= 0.80, p < 0.001) hatching size and salinity. Regressions fitted by least squares methods through all raw data to exponential and
linear functions, respectively. Note logarithmic y-axis. The S. E. for NL hatching was too small to be represented with the present
experimental data and can be found in Table 2.

function depends of the environment where it lives and on its development type (Jobling, 1995; Howell et al, 1998).
Chirostoma eggs are pelagic, for what they are affected directly by the environmental factors. Sodium ions, in high concentrations, pass over the chorion and they affect osmotic balance,
and in salinities up 12 g L−1, embryos did not survived. Holliday
(1969) points there are high mortalities at specific stages of development as at gastrulation and at hatching as response to salinity. It seems to be an inhibitor of chorionasa production. Besides,
there are effects in the incidence and concentration of particular
ions, the availability of oxygen (the higher the salinity, the lower
the oxygen content of the water) and the specific gravities of different salinities may exert an effect through the different buoyancies that the organisms will show. In Odontesthes bonariensis
(Valenciennes 1835) eggs, only 14% of the embryos hatched on 5
gL−1 of salt (Nardez et al., 1997). In contrast, there are freshwater fish, which survival and hatching are better in brackish water
than in freshwater. Abramis brama (Linnaeus 1758), Lucioperca
lucioperca (Linnaeus 1758) and Alosa pontica (Eichwald 1838)
hatched in salinities of 10-20 gL−1 of salinity and survival and
hatching were better in 2.5 and 5 gL−1 than in freshwater (Holliday, 1969). Survival and hatching of Odontesthes humensis de
Buen 1953 were better in 2-10 gL−1 of salinity than in freshwater
(Sampaio & Phonlor, 1996). In this study, percentage hatching in
C. humboldtianum was 80% at 22 ºC and 4 gL−1 of salinity and C.
riojai was 83% at 20 ºC and 8 gL−1 of salinity.
In the other hand, salinity effect on certain freshwater bacteria and fungi may mean that a slightly enhanced salinity is favorable to developing egg (Holliday, 1969; Sampaio & Phonlor, 1996;
Fashina-Bombata & Busari, 2003).
Salinity and temperature have interactive effects on development and should be considered together (Howell et al., 1998).

These factors acting together produced the lowest percentage
hatching at 24 ºC and 12 g/L, and the highest at 22 ºC and freshwater. This response has been shown in other species. Parophrys vetulus Girard 1854 had the most rapid rate of development to
hatching at 25 gL−1 of salinity and 6-12 ºC (Holliday, 1969). Odontesthes bonariensis had a percentage hatching of 46% at 18 ºC
and 5 gL−1 of salinity, but results were better (88%) with a reduction of dissolved oxygen (1 mg O2.L−1) (Nardez et al., 1997).
Likewise, incubation time was inversely proportional to temperature, in both species. The same pattern has been observed
in natural conditions (Ware, 1975). The relationship between both
temperature and development time was given by an exponential
function, as it has been shown in other species, over the restricted range of favorable temperatures. Development time is more
prolonged at low temperatures and decreases with increasing
temperature. Temperature is the major controlling factor for developmental rate (Kamler, 1992, 1998). Thus, individuals of same
species, under different temperatures, reach a development
stage at different times (Margalef, 1980).
It has been observed that larger free embryos (ELH) hatch
from larger eggs and smaller eggs give origin to smaller free embryos (Begon et al., 1985; Wootton, 1990; Pepin, 1991; Rideout et
al., 2005). Within the atherinopsids, C. humboldtianum is a large
species that produces larger eggs (1.36 mm) than those of C. riojai
(a small species) and their free embryos maintain this same relationship. However, in other species of the family, this condition is
not fulfilled. C. estor estor Jordan 1879 is a large species, but its
eggs are smaller (1.02-1.16 mm) than those of C. riojai (1.24 mm)
and its embryos are larger (4.75 mm) (Estrada, 1991) than those of
C. riojai (4 mm). In a close related species to Chirostoma, such as
Menidia menidia (Linnaeus 1766) and M. beryllina (Cope, 1867),
which have sizes similar to those of C. riojai, the eggs are smaller
Hidrobiológica
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(1 and 0.8 mm, respectively), but their free embryos are of similar
size to those of C. riojai (4 mm) (Wang, 1974).
It has been determined that temperature has a direct effect
on yolk utilization efficiency, and that this is higher to low temperatures within the tolerance range of the species and consequently produce larger size at hatch (Ojanguren & Braña, 2003).
However, variable results have been obtained in several species
(Kamler, 1992). In C. humboldtianum and C. riojai at hatch, NL was
reduced with decreased temperature. Similar results have been
obtained in other fish species (Kamler, 1992; Pepin et al., 1997). It
has been demonstrated that divergence in NL at hatch is due to
incubation temperature effect (Kamler, 1992; Fuiman et al., 1998;
Pepin et al., 1997; Martell et al., 2005). Kamler (1992) explains
that a higher development Q10 than metabolic Q10, will cause the
amount of cumulative energy, expended in metabolic processes,
decreases with increasing temperature and the remaining energy
will be invested in growth of tissue. On the other hand, in C. humboldtianum and C. riojai, both survival and NL at hatch differing in
the degree of temperature dependence; the temperature optimum
for survival was lower than the temperature at which the largest
ELH were obtained.
The differential influence of salinity was manifest in decreased NL at hatch, in higher salinities, in each species. This
may be attributed to the non-development of homeostatic mechanism (for salinity adjustment) at this age (Holliday, 1969). A size
difference in ELH at hatch, related to salinity has been reported in
marine species. Clupea arengus Linnaeus 1758 and Pleuronectes
platessa Linnaeus 1758 hatching in salinities of 5-25 gL−1 were up
to 23% longer than those hatching in salinities of 35-55 gL−1 (Holliday, 1969). Newly hatched striped bass were longer at 5 gL−1 than
at 1 or 10 gL−1 salinity (Peterson et al., 1996). A higher salinity produces shorter individuals. This response is not an osmotic effect
only. There are several examples of eurihaline animals, which
are longer in lower salinities, owing their higher water content
(Margalef 1980; Fridman et al., 2012), however, there are a limited
information on salinity tolerance on freshwater fish, specially on
the genus Chirostoma.
There was an interactive effect of temperature and salinity
upon body size at hatch in C. humboldtianum ELH, only. However,
in both species, free embryo NL at hatching, was longer in higher
temperatures and lower salinities.
During the endogenous feeding period the only source of
energy is yolk, therefore both survival and yolk utilization efficiency define the optimum temperature range (Kamler, 1998). In
summary, 20-24 ºC and a salinity of 0-8 gL−1, proved to be viable
for the embryonic period of C. humboldtianum and C. riojai until
hatching, based in on the combination of survival and yolk utilization efficiency.
The present study identified several attributes of C. humboldtianum and C. riojai embryonic period: high survival potential,
Vol. 23 No. 3 • 2013

shorter incubation time and longer size at hatch, at 20-24 ºC in
fresh and brackish water (0-8 gL−1). Their low tolerance to salinity, it could be useful for controlling pathogens sensitive to salt.
These attributes make these species candidates for larval rearing
in controlled conditions for restocking purposes.
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