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E�ects of temperature and salinity on inducing spawning in the eastern oyster
(Crassostrea virginica) under laboratory conditions
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ABSTRACT. The e�ectiveness of two stimuli (thermal and salinity shock) in inducing spawning in the eastern oyster

Crassostrea virginica was tested under laboratory conditions. Organisms were obtained in Machona Lagoon, located in

Sánchez Magallanes, Tabasco. Temperatures used were 10, 15, 20, 25 and 30 ◦C and the salinities were 10, 15, 20, 25

and 30 psu. The objective of this work was to determine the e�ects of salinity and thermal shock on spawning of C.

virginica oyster. The best spawning results were obtained by using salinity shock, which induced spawning in 55% of

the oysters tested, with the number of males that spawned being signi�cantly higher than that of the females. Thermal

shock was less e�ective with only 34% of organisms spawning and, unlike the salinity results, the number of females

was higher than that of males. Temperatures of 30 ◦C or greater had a negative e�ect on spawning and was similar at

a salinity of 30 psu. The optimum time for spawning was between 11 and 15 min of exposure to salinity shock, whilst

for thermal shock it was between 16 and 20 min.
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RESUMEN. La efectividad del choque térmico y choque de salinidad sobre el desove del ostión americano Crassostrea

virginica fue llevado a cabo bajo condiciones de laboratorio. Los organismos fueron obtenidos en la laguna Machona,

Sánchez Magallanes, Tabasco. Las temperaturas empleadas fueron 10, 15, 20, 25 and 30 ◦C y las salinidades de 10,

15, 20, 25 y 30 ups. Los mejores resultados en el desove se obtuvieron al emplear el choque de salinidad, el cual indujo

el desove en 55% de los ostiones muestreados, siendo el número de machos que desovaron signi�cativamente mayor

que el de las hembras. El choque térmico fue menos efectivo con solo el 34% de organismos que desovaron y el número

de hembras fue superior al de los machos. El tiempo óptimo para realizar el desove fue entre 11 y 15 min de exposición

al choque de salinidad, mientras que para el choque térmico fue entre 16 y 20 min.

Palabras clave: Inducción, desove, ostión, Crassostrea virginica, laguna Machona

INTRODUCTION

Oysters are broadcast spawners, releasing ga-
metes into the water column. Spawning in the
eastern oyster is regulated by seawater temperature
and food availability (Kennedy et al. 1996). In the
Gulf of Mexico, oysters exhibit multiple spawning
per year. Gametogenic development occurs in the

winter as well as spring. Spawning peaks in May
but can continue until late August, though recycling
of gonads with subsequent spawning can occur as
late as October (Supan and Wilson 2001). Oys-
ters are a keystone ecological species for the near
shore marine environment as they improve water
quality through �ltering algae and pollutants out
of the water column. The reefs created by oysters
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provide critical habitat for numerous species of �sh
and invertebrates. Oyster reefs also help to stabilize
shorelines and reduce erosion (Piazza et al. 2005).
Sustainable oyster populations in the wild provide
jobs for commercial harvesters. In a controlled en-
vironment oyster aquaculture provides additional job
opportunities.

The eastern oyster Crassostrea virginica

(Gmelin, 1791) is found along the coast of the
Gulf of Mexico, where water temperatures can vary
greatly. In shallow waters, oysters can be frozen
solid in winter and can thaw out and survive when
water is available (Barber 1996). The oyster,
in general, is an important commercial �shery in
Mexico and particularly in Tabasco State. However,
oyster production has declined in general throughout
its distribution area due to disease, pollution and
overexploitation (Barber 1996). This decline has
led to research on the eastern oyster, especially
in the areas of disease, pollution and reproduc-
tion (Buchanan et al. 1998). Exogenous factors
potentially important in the initiation of spawning
events in bivalves are salinity, lunar phase, wa-
ter temperature, food availability, and presence
of gametes in the water column (Barber 1996).
An abrupt change in water temperature is con-
sidered the most important exogenous factor con-
trolling spawning synchrony and is often associated
with changing tides (Cáceres-Martinez and Figueras
1998).

Spawning induction is essential to bivalve
hatchery production as it involves control of
the timing of reproduction to make maximum
fertilization. There are several ways to induce
spawning in sexually mature bivalves, with the ma-
jor methods being chemical stimulation, biologi-
cal stimulation and physical shock. Parameters
potentially triggering spawning including salinity,
temperature, light, lunar phase, dissolved oxygen,
mechanical shock, pH, and chemical stimuli have
been examined through correlation with �eld ob-
servation and laboratory experiments (Barber and
Blake 1991). Bivalves are good aquaculture candi-
dates as they are the greatest source of mollusk pro-
duction and can be reared using simple technology

(Lucas and Southgate 2003). They reproduce by
spawning, meaning the release of eggs and sperm
into water which occurs when the reproductive or-
gans are mature.

Salinity is one of the environmental factors
in�uencing reproduction of estuarine and marine
invertebrate. Long-range seasonal �uctuations in
salinity are important to the synchronization of
the gametogenic cycle, reproductive pattern and
spawning induction (Ludi 2011). Temperature cy-
cling involves placing broodstock bivalves in wa-
ter at a certain temperature then slowly increasing
the temperature of the water over a period of
time. The temperate bivalve will spawn e�ectively
by increasing the temperature. The initiation of
spawning occurs with both declining and increasing
temperature. However, salinity and temperature
shock will give di�erent spawning results for tropical
and temperate bivalves (Ludi 2011).

In the life cycle of oyster, temperature is the
most important factor that a�ects virtually every
aspect of oyster biology including survival, feeding,
growth, gonadal development, spawning, larval
settlement, sex and disease outbreaks (Shumway
1996). The aim of this study was to evaluate the
e�ect of two stimuli (salinity and temperature) on
inducing spawning in the eastern oyster (Crassostrea
virginica) under laboratory conditions, with the in-
tention of exploring the possibility of developing
reproduction techniques to produce oyster seeds un-
der laboratory conditions that may help to recover
overexploited �shing grounds if seed is restocked
successfully at these sites in Tabasco, Mexico.

MATERIALS AND METHODS

Fort the experiment, 300 adult oysters
(Crassostrea virginica) were collected from the Ma-
chona lagoon (93◦40' LN, 18◦20' LW) in Sánchez
Magallanes, Tabasco, Mexico. Specimens were
collected manually by removing the sediment up
to 5 cm deep; oysters between 80 and 120 mm
long (sexually mature specimens and commercially
allowed size) were taken and transported in plas-
tic containers �lled with water from the capture
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site to avoid stress during transport to the División
Académica de Ciencias Agropecuarias of the Univer-
sidad Juárez Autónoma de Tabasco, where particles
were removed. The oysters were maintained under
ambient light and temperature conditions before
spawning. Ambient seawater temperatures ranged
between 28.9 ◦C ± 1.9 ◦C and salinity from 33 ± 2
psu. In the laboratory, the oysters were placed in 150
L glass aquaria containing fresh water. These closed
systems were aerated, maintaining the salinity at 33
psu and temperature at 29 ± 1 ◦C. The acclima-
tization period of the animals was 48 h. On the
day of spawning all oysters within the sample were
randomly assigned to thermal or salinity shock. The
oysters assigned to each treatment were placed in-
dividually in a 2 L container in a water bath, which
maintained a standard 29 ± 1◦C in all treatments.
All spawning stimuli were initiated by 7:00 h.

Treatments

Two di�erent spawning induction methods
were tested in the oyster; in the �rst method,
the organisms were treated with the thermal shock
treatment and in the second they were subjected to
salinity shock. Adult oysters can survive in a wide
range of salinities (0 to 42), but normally occur at
salinities between 10 and 30� while the temperature
range is between 7 and 36◦ C (Hand and Stickle
1977).

Temperature

In this treatment a total of 150 oysters were
subjected to about 30 min air-exposures before
placement in the spawning containers (2 L con-
tainer �lled with seawater at 33 psu and maintained
at room temperature between 28 ± 1 ◦C). The re-
ceptacles were kept at �ve temperature levels (10,
15, 20, 25 and 30 ◦C), each one with three replicates
and 10 organisms. The procedure was started with
the cold treatment. Temperature of the seawater
was lowered to 10 ◦C with ice packs and maintained
for 30 min. After the cold treatment, a heater was
used to raise the temperature of the seawater to 30
◦C and was maintained for 30 min before another
cooling process began. Oysters were checked for

spawning at 5 min intervals for a further 30 min.

Salinity

In this treatment a total of 150 oysters were
subjected to about 30 min air-exposures before
placement in the spawning containers (2 L con-
tainer �lled with seawater at 33 psu and maintained
at room temperature between 28 ± 1 ◦C). The
receptacles were kept at �ve salinity levels (10, 15,
20, 25 and 30 psu), each one with three replicates
and 10 organisms. Oysters were transferred from 33
psu to containers with 10 psu and were kept there
for 30 min, then returned back to 33 psu water
containers for the next half hour. Salinity was re-
duced by adding freshwater. Oysters were checked
for spawning at 5 min intervals for a further 30 min.

Spawning

All experiments (initiation of the stimuli,
spawning, and fertilization) ran within a 07:00
h working day. The time from initiation of the
spawning stimuli to commencement of spawning
was recorded for each oyster that spawned. The
number of females and males was recorded. The
mean number of eggs per female was calculated af-
ter collecting all the eggs in a 20 L bucket, agitating
and counting at least four sub samples taken with
a 5 mL pipette. Sperm were not counted but only
examined and classi�ed as either motile or no motile.

Fertilization and viability

Within one to 2 h of spawning, the eggs
from each treatment were fertilized with combined
sperm from males within the same treatment. Two
hours after fertilization when the four cell stage had
been reached, three 5 mL samples were removed at
random from each container and the numbers of di-
vided and undivided eggs counted. About 10 h after
fertilization, we removed three samples from each
container and counted normal ciliated trochophore
larvae, aberrant larvae, and non-hatched eggs.

Statistical analysis

Induced spawning success was evaluated
through visual observation of the presence or ab-
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Table 1. Spawning success of the two spawning stimuli for Crassostrea virginica oysters. For
each spawning test S is the number of oysters spawning and N is the number tested.

Thermal shock Salinity shock
Males Females Males Females

Test S : N S : N S : N S : N
1 6 : 17 3 : 13 6 : 15 9 : 15
2 4 : 17 6 : 13 9 : 16 5 : 14
3 6 : 15 13 : 15 9 : 15 10 : 15
4 12 : 14 7 : 16 15 : 15 5 : 15
5 6 : 16 6 : 14 8 : 16 6 : 14

Total 34 : 79 35 : 71 47 : 77 35 : 73
43% 49% 61% 48%

Table 2. Average numbers of eggs produced by oyster females induced to spawn by Salinity
shock and the percentages of eggs that were well formed, fertilized and hatched.

Percentage of eggs
Test Average number of eggs Good Fertilized Hatched

produced per female spawning (0 h) (at 2 h) (at 20 h)
1 800 000 99.1 93.2 87.8
2 1 350 000 99.5 93.7 89.3
3 1 125 000 99.3 95.6 93.2
4 810 000 98.9 95.3 92.6
5 1 200 000 99.4 95.5 93.8

Average for all spawning 1 057 000 99.2 94.6 91.3

sence of gametes in each container. The response
time to �rst spawning was measured as the elapsed
time from the start of each treatment. If spawning
occurred, water samples were collected to deter-
mine the number of eggs and the amount of fer-
tilized eggs. Counts were submitted to the Levene
test to verify homogeneity of variance; normality
was veri�ed graphically. Response times were trans-
formed to 1/x to comply with normality and equal-
variance assumptions. The comparison of the means
was carried out using the t-test through permuta-
tion at 5% probability.

RESULTS

Both methods induced spawning during every
test (Table 1); however, the best method was
salinity shock with 61% and 48% of males and
females spawned respectively, whilst only 43% of
males and 49% of females spawned with thermal
shock.

Of all females, 73% spawned, producing an
average of one million eggs per female spawning
(Table 2). On average, males spawned between
16 to 20 min after the induction of the stimu-

lus. Females took signi�cantly less time to initiate
spawning (p < 0.05), averaging 9 min. Both
techniques did not induce any organism to spawn
between 0 to 5 min of the stimulus (Figure 1).

All spawning produced viable gametes and lar-
vae were reared until trochophore stage. Females
spawned a high proportion of well rounded eggs
(mean of 99%) and fertilization rates were 94.6%.
The viability of the fertilized eggs was also high:
91% hatched as normal trochophore larvae (86% of
the total eggs spawned).

With salinity shock 61% single males pro-
duced copious quantities of sperm which appeared
normal and motile. Thermal shock technique only
induced 49% females to spawn. Table 3 shows
mean developmental time for all observed stages.
Fertilization was recognized by the appearance of
a thick fertilization membrane at 5 min. After 35
min, a polar body appeared as a protuberance at the
egg animal pole. The �rst cleavage occurred 1.01 h
after fertilization. The second and third cleavages
occurred 1.17 and 1.29 h after fertilization, respec-
tively. The fourth cleavage occurred 1.58 h after
fertilization. Two to 5 h after fertilization, most em-
bryos were in blastula and gastrula or mobile blas-
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Figure 1. Average time to the initiation of spawning for males and females of the oyster Crassostrea virginica, for
each one of the techniques.

tula stages, respectively. Trochophore larvae were
observed approximately 10 h after fertilization (Ta-
ble 3). Metamorphosis was numerically not success-
ful under our laboratory conditions; we believe that
bacterial contamination and subsequent mortalities
were important factors constraining the �nal phase
of the larval cycle.

Table 3. Timing of the early embryonic development
of Crassostrea virginica under laboratory conditions.

Stage Time after fertilization
Polar body 35.6 min
Cleavage �rst 1.01 h
Cleavage second 1.17 h
Cleavage third 1.29 h
Cleavage fourth 1.58 h
Blastula 2.53 h
Gastrula or blastula mobile 4.87 h
Trochophore 9.95 h

DISCUSSION

Through this study, the induced spawning
procedure under laboratory conditions for oyster C.
virginica has been determinate; it makes use of only

basic tools and equipment and requires no chemi-
cals. Various induced spawning methods have been
used on di�erent bivalve species in order to produce
seeds in a hatchery. Induced spawning, larval rearing
and spat production of several mussel species, such
as Perna viridis (Laxmilatha et al. 2011), Modio-

lus capax (Farfán et al. 2007) and Mytilus edulis

(Galley et al. 2010) have been successfully carried
out in laboratories and hatcheries; however, little
attention has been paid to the production of oyster
spat in large-scale hatcheries and the oyster indus-
try still relies on the supply of seed from the wild
(Alfaro et al. 2010; Laxmilatha et al. 2011; Wong
and Arshad, 2013).

Under natural conditions, oyster spawning is
generally believed to occur when water tempera-
ture increases above 20 ◦C; moreover, they can
spawn within a wide range of salinities ranging
from 0 for short periods of time to 32-35 (full
strength seawater). However, the optimal salinity
for egg development ranges from 5-35 with opti-
mal egg development at 10-23 (Hand and Stickle
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1977). Several species of Crassostrea have shown
similar gametogenic cycles linked to varying sea-
sonal coastal water temperatures. Paniagua-Cháves
and Acosta-Ruíz (1995), who worked with C. gi-

gas in Mina Vieja, Mexico, and Brousseau (1995),
who worked with C. virginica in Bridgeport, CT,
observed gonadal maturity of wild populations at
warmer water temperatures, 20-23 ◦C and 20-30
◦C, respectively. The oysters in this experiment were
collected from the wild and stimulated within 48 h of
collection; despite not observing gonadal maturity at
�rst glance, the organisms spawned at warmer water
temperatures, 20-30 ◦C, similar to the level reported
for the same species in Bridgeport, CT. Increasing
water temperature to promote spawning has also
been reported for other bivalves (De la Roche et al.
2002, Pronker et al. 2008, Matias et al. 2009).
We cannot infer from our study whether a resting
phase is required by C. virginica to mature success-
fully when conditioned at warm temperatures, such
as those tested in our study. However, it is clear
that more studies addressing the annual reproduc-
tive cycle of C. virginica throughout its geographical
range of distribution are required to fully understand
the role of environmental factors in their reproduc-
tive physiology. Nevertheless, most studies reviewed
suggest that temperature constitutes a key environ-
mental factor that regulates gametogenesis in C.

virginica, triggering gonadal development at tem-
peratures warmer than 28 ◦C. Salinity changes have
been reported to induce spawning in tropical oysters
(Southgate and Lee 1998). It has been suggested
that salinity-induced spawning may a�ect larval sur-
vival (Southgate and Lee 1998).

Development of embryos occurred only in
conditions close to those at which spawning was
conducted (28 ◦C). Similar observations have been
made in temperature-salinity experiments with em-
bryos of Mercernaria mercenaria (L.), C. virginica

(Gmelin) (Davis and Calabrese 1964), Rangia

cuneata (Gray) (Cain 1975) and Argopecten irra-

dians irradians (Lamarck) (Tettelbach and Rhodes
1988).

According to Stephen and Sheety (1981),
spawning was successfully induced in four bivalves

(Saccostrea cuccullata, S. commercialis, P. viridis

and P. indica) by subjecting them to rapid salinity
changes. Bivalve was maintaining at 34 psu for
two month before decreasing the salinity at 26 psu.
The results indicated that Crassostrea virginica has
50% salinity tolerance from 10 to 30 psu. It seems
that suddenly increasing or decreasing salinity shock
will be e�ective in inducing spawning of bivalves.
In this work the salinity showed more in�uence on
inducing spawning than temperature. In this sense,
Ludi (2011) found that induction by thermal shock
has a little success in Amusium pleuronectes when
subjected to a temperature 10◦C higher than the
ambient temperature of 27 ◦C. Spawning in scallop
Pecten alba was associated with increasing wa-
ter temperature, while scallop Argopecten gibbus

spawned by decreasing the water temperature. It
has been argued that temperature and primary pro-
ductivity are the most important exogenous factors
regulating and synchronizing the reproduction cycle
of bivalve species (Barber and Blake 2006).

CONCLUSIONS

The results of this study indicate that salinity
shock was more e�ective than thermal shock in
inducing spawning in C. virginica. However, given
that this species is distributed throughout an ex-
tensive range of habitats, speci�c studies should be
conducted to understand the e�ect of environmen-
tal variables on the development of larval stages.
Moreover, further research is needed to optimize
the production of C. virginica larvae under labora-
tory conditions and to develop optimal reproductive
conditioning techniques in Tabasco, Mexico.
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