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Abstract The method usually employed to stimulate gonadal
maturation and spawning of captive shrimp involves unilateral
eyestalk ablation, which results in the removal of the endo-
crine complex responsible for gonad-inhibiting hormone
(GIH) synthesis and release. In the present study, RNAi tech-
nology was used to inhibit transcripts of GIH in Litopenaeus
vannamei females. The effect of gene silencing on gonad de-
velopment was assessed by analyzing the expression of GIH
and vitellogenin, respectively, in the eyestalk and ovaries of
L. vannamei females, following ablation or injection with
dsRNA-GIH, dsRNA-IGSF4D (non-related dsRNA), or sa-
line solution. Histological analyses were performed to deter-
mine the stage of gonadal development and to assess the di-
ameter of oocytes throughout the experimental procedure. On-
ly oocytes at pre-vitellogenesis and primary vitellogenesis
stages were identified in females injected with dsRNA-GIH,
dsRNA-IGSF4D, or saline solution. Oocytes at all develop-
mental stages were observed in eyestalk-ablated females, with
predominance of later stages, such as secondary vitellogenesis
and mature oocytes. Despite achieving 64, 73, and 71 %
knockdown of eyestalk GIH mRNA levels by 15, 30, and
37 days post-injection (dpi), respectively, in dsRNA-GIH-

injected females, the expected increase in ovary vitellogenin
mRNA expression was only observed on the 37th dpi. This is
the first report of the use of RNAi technology to develop an
alternative method to eyestalk ablation in captive L. vannamei
shrimps.
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Introduction

During the captive breeding of shrimps, the method usually
employed to stimulate gonadal maturation and spawning in-
volves unilateral eyestalk ablation, which results in the remov-
al of the neuroendocrine complex responsible for gonad-
inhibiting hormone (GIH) synthesis and release. GIH, also
known as vitellogenesis-inhibiting hormone (VIH), is pro-
duced and secreted by neuroendocrine cells of the X-organ
sinus gland complex (XO-SG), which is present in the eye-
stalk. This neuropeptide was classified as a member of the
crustacean hyperglycemic hormone (CHH) family. Recently,
cDNA-encoding GIH was cloned from the eyestalk of
Litopenaeus vannamei and has been shown to have a nucleo-
tide sequence highly similar (98 %) to GIH from Penaeus
monodon (Chen et al. 2014).

In addition to reducing the circulating levels of GIH, eye-
stalk ablation also reduces the effect of other neuropeptides
produced in the XO-SG. This procedure leads to a significant
hormonal imbalance, which has a considerable impact on the
quantity, quality, and survival of the larvae produced (Palacios
et al. 1999). Consequently, in order to obtain good quality
larvae, the breeding stock is usually discarded every 3 months,
which may have a severe impact on the shrimp supply chain
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economy. For this reason, in the past couple of decades, re-
search has sought to develop alternative techniques to eyestalk
ablation for use during the captive breeding of shrimp. Among
these alternative techniques, the most promising are those in-
volving the administration of hormones, neurotransmitters,
monoclonal antibodies, optimization of environmental factors
(temperature, light exposure, and salinity), and most recently,
the use of dsRNA molecules to silence hormonal transcripts
by RNA inter ference (Alfaro and Komen 2004;
Balasubramanian 2009; Tinikul et al. 2009; Nagaraju 2010;
Treerattrakool et al. 2011).

Gene silencing by RNAi involves the use of long synthetic
dsRNA molecules with homology to a specific target gene.
When inside the cell, the long dsRNA molecules are proc-
essed into smaller RNA fragments (20–28 bp siRNA) by the
action of dsRNA-specific RNase III type endonucleases (i.e.,
DICER enzymes). siRNA can guide the cleavage of comple-
mentary RNA due to a multiprotein silencing complex (RNA-
induced silencing complex, RISC), leading to the specific
degradation of the target mRNA sequence (Meister and
Tuschl 2008). Recent studies that have investigated hormonal
control in penaeid shrimps have used RNAi in vivo to clarify
the role of certain neuropeptides belonging to the CHH family,
such as hormones involved in carbohydrate metabolism in
Litopenaeus schmitti (Lugo et al. 2006), in the molt of
L. vannamei (Hui et al. 2008), and inP. monodon reproduction
(Treerattrakool et al. 2008).

The possibility of using RNAi to silence the GIH gene as
an alternative method to eyestalk ablation has been recently
demonstrated in P. monodon (Treerattrakool et al. 2011).
Therefore, the present study aimed to investigate the feasibil-
ity of using gene-specific dsRNA to stimulate gonadal matu-
ration of female L. vannamei through silencing of GIH, which
was recently characterized for this species (Chen et al. 2014).

Materials and Methods

Animal Origin and Acclimatization

Post-larval stages of specific pathogen-free (SPF) L. vannamei
were obtained from Aquatec Ltda (Canguaretama, RN) and
reared at the Marine Station of Aquaculture, at the Federal
University of Rio Grande (EMA-FURG) for 10 months. Be-
fore the experiment, 200 animals were selected taking into
account their apparent health condition. Size, lack of melani-
zation in the body, presence of all appendices, and complete
filling of the hepatopancreas and digestive tract were the pa-
rameters used to evaluate the health condition of the animals.
The animals were then separated by gender and placed into
two circular maturation tanks (10 m2 of bottom area, 5000 l of
volume), where they were acclimated for 30 days. During the
acclimatization, animals were subjected to artificial light

conditions (14 h of light and 10 h of dark) and were fed four
times per day with Illex argentinus squid and a commercial
diet (Breed S InveAquaculture, Belgium), which were offered
alternately. The seawater was completely renewed every day
and maintained at salinity 30, 28 °C, pH 7.2, and 5.5 mg/l DO.

Production of dsRNA Molecules

Fragments from the L. vannamei GIH gene (768 bp)
(GenBank Accession number: KC962398) and from the gene
encoding a Danio rerio fish immunoglobulin (IGSF4D,
678 bp) (GenBank Accession number: AL954312), were am-
plified by RT-PCR using specific primers containing the pro-
moter sequence of the 5´ end of the T7 bacteriophage
(Table 1). The IGSF4D amplicons were used to synthesize
non-related dsRNA. The identity of the PCR products was
confirmed by DNA sequencing before the dsRNA was pro-
duced (data not shown).

The PCR products were concentrated by precipitation in
absolute ethanol (Merck) (1 V) and sodium acetate 3 M
(0.1 V) and were then purified with a Wizard® SV Gel and
PCR Clean-Up System (Promega) kit, according to the man-
ufacturer’s instructions. The in vitro transcription of the
dsRNA molecules was performed with the T7 RiboMAX™
Express Large Scale RNA Production System (Promega) kit
with the following incubation steps: 42 °C for 4 h, 70 °C for
10 min, followed by a gradual temperature decrease (0.5 °C
every 20 s) until 20 °C. Subsequently, the dsRNA molecules
were treated with DNAse I (to remove dsDNA and ssDNA)
and RNAse A (for the removal of ssRNA, in the presence of
NaCl 0.5M) and were incubated for 30min at 37 °C. Proteins,
free nucleotides, and residues belonging to degraded nucleic
acids that were still present in the transcription reaction were
removed using Wizard® SV Minicolumns (Promega) using
4 M guanidine thiocyanate, 0.01 M Tris/HCl (pH 7.5) as the
denaturing solution. The presence of both dsRNA-GIH and
dsRNA-IGSF4D molecules was quantified using a Qubit™
quantification assay (Invitrogen) fluorometric kit and were
then eluted in 150 μl of saline solution (NaCl 330 mM, Tris
10 mM, pH 7.4).

Experimental Design

After acclimatization, 80 female and 80 male shrimp (♀=45–
55 g; ♂=35–45 g), in the intermolting stage, were selected
from the acclimatized population. Females were weighed and
labeled with individual numbers through elastomers subcuta-
neously implanted in the last abdominal segment. After the
labeling process, the females were evenly distributed, along
with the males, into two circular maturation tanks at a density
of eight shrimp/m2 (male to female ratio=1:1). Four groups of
20 females were treated according to the following protocol:
group I control group, intramuscular injection of 150 μl saline
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solution, group II intramuscular injection of 2.8 μg/g of
dsRNA-GIH, group III intramuscular injection of 2.8 μg/g
of dsRNA-IGSF4D, group IV unilateral eyestalk-ablation.
All dsRNAwas diluted in 150 μl of saline solution. All rearing
conditions used during the acclimatization period were main-
tained throughout the 38 days of experimental testing.

Gonadal development was assessed daily in females from
all groups through visual examination with the aid of a flash-
light. Macroscopically, the stages of gonadal development
were classified according to the following criteria: S0, unde-
veloped ovaries (immature), S1, early development of the ova-
ries in the cephalothorax region (early maturation), S2, pres-
ence of a yellowish ovarian line along the abdominal back
(intermediate maturation), and S3–4, enlarged cephalothorax
and the ovaries start to become orange-colored, appearing as a
double thick line along the abdominal back (mature) (adapted
from Tan-Fermin and Pudadera 1989). Females identified as
S3–4 were separated, and the spawning was duly registered.

At the 15th, 30th, and 37th days post-injection (dpi), five
females in the intermolting stage were randomly collected
from each group, dissected, and the optical ganglions and
ovaries were harvested for subsequent molecular analysis.
Posterior ovarian fragments were also collected at the 15th,
30th, and 37th dpi for quantitative histological analysis.

Gene Expression Analysis

The extraction of total RNA from the optical ganglion and
ovaries was performed using TRIzol (Invitrogen) reagent, ac-
cording to the manufacturer’s instructions. The extracted
RNA was treated with DNAse I Amplification Grade (Life
Technologies) and incubated for 30 min at 37 °C. The quality
of the extracted RNA was confirmed by electrophoresis in a
1 % agarose gel, prepared in 60 ml of TAE (1×) (0.04 M Tris-
Base, 0.04 M acetate, and 0.001 M EDTA) containing
0.1 μg/ml of ethidium bromide. The RNAwas then quantified
by fluorometry using a Quant-iT RNA Assay Kit (Life Tech-
nologies) and a QubitTM fluorometer (Life Technologies).

cDNA synthesis was performed with a High-Capacity cDNA
Reverse Transcription Kit (Life Technologies) in a final reac-
tion volume of 20 μl, containing 2 μl of RT Buffer (10×),
0.8 μl of dNTPs mix (25×), 2 μl of RT random primers
(10×), 1 μl of Multi Scribe™ Reverse Transcriptase (50 U),
and 1 μg of total RNA diluted into ultra-pure water
(Invitrogen). The samples were incubated in a thermocycler
at 25 °C/10 min, followed by 37 °C/120 min and 85 °C/5 min.
The cDNAwas then stored at −20 °C until it was used in the
gene expression analysis.

Analysis of GIH-mRNA expression was performed to as-
sess the effect of RNAi silencing in the optical ganglion sam-
ples, while the analysis of vitellogenin-mRNA expression was
performed in the harvested ovarian samples. After validation
with Data Assist v3.0 (Applied Biosystems) software, the
means between the expression of the β-actin and Ef1α genes
were used as a reference to normalize the expression of the
GIH and vitellogenin genes. Expression of β-actin and Ef1α
have been recently suggested as the most stable controls for
reproduction experiments on P. monodon (Leelatanawit et al.
2012). For the expression analysis, we used the ABI 7500
Real-Time Systems (Applied Biosystems) platform and the
SYBR® Green qPCR SuperMix-UDG (Invitrogen) detection
system. The primers used for amplification of the analyzed
genes are listed in Table 1.

The amplification efficiency of each primer was deter-
mined according to the method described by Pfaffl et al.
(2002), and the specificity of the amplification was confirmed
by melting curve analysis. The RT-qPCR reactions were
performed in a final volume of 10 μl, containing 5 μl of
P la t inum SYBR Green® qPCR SuperMix-UDG
(Invitrogen), 0.3 μl (10 μM) of each primer, 0.2 μl
(50×) of Rox reference dye, 1 μl (10 ng) of cDNA, and
3.2 μl of ultra-pure water. The thermocycling conditions
used were 2 min at 50 °C, 2 min at 95 °C, followed by
40 cycles of 15 s at 95 °C, and 30 s at 60 °C. RT-qPCR
reactions were performed as technical duplicates and were
only considered valid when both amplicons from each

Table 1 Primers used to amplify fragments for in vitro synthesis of dsRNA and for gene expression analysis in Litopenaeus vannamei

Gene Forward Primer (5′-3′) Reverse Primer (5′-3′) Amplicon (bp) GenBank (accession no.)

GIH-T7 aTAATACGACTCACTATAGT
TCCTGATGTGCCTCCACT

TAATACGACTCACTATACCAAT
CAGTTCCCCTTGAAA

768 KC962398

IGSF4D-T7 TAATACGACTCACTATAGTTT
GTCTGTCCCTCGTGGT

TAATACGACTCACTATAAGG
GTGCAGGTTTTCCTTTT

678 AL954312

GIH (real time) TGATGCTTCGACGCCTTGGCT CCTTGAACATAATAGGACG
CCCTTCCC

74 KC962398

Vitellogenin (real time) AATACAAGAACGTGAG
GGATAGGAA

AGGCAATCACACTTGT
ATATTTGTATTTC

72 AY321153

Ef1α (real time) CCACCCTGGCCAGATTCA GCGAACTTGCAGGCAATGT 75 DQ858921

β-actin (real time) GACCGAGGCTCCCCTTCAA TCTCGAACATGATCT
GTGTCAT

114 AF300705

a T7 promoter sequence (bold and italic)
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replicate could be detected. The mean Ct values obtained
were then normalized and converted into a linear form by
the 2-ΔCt method (Livak and Schmittgen 2001).

Quantitative Histology

Each posterior ovarian fragment was fixed by immersion
in Davidson’s AFA solution (11.5 % acetic acid, 22 %
formalin, and 33 % ethanol) for 24 h. The samples were
processed in automatic equipment (LUPE PT05) and were
embedded with paraplast. Transverse and longitudinal his-
tological sections of 4-μm thickness were obtained with
the aid of a microtome (LUPE MRP03) and were subse-
quently stained with hematoxylin-eosin. These sections
were examined under a light microscope (Olympus BX
45) coupled to a digital camera (Olympus DP 72) for
image acquisition. The parameters considered for the
quantitative histological analysis were gonadal develop-
ment stage and mean diameter of the oocytes from each
female. The oocytes were classified according to Arcos
et al. (2011), into nine types: (I) chromatin nucleolus oo-
cyte (cn), (II) early perinucleolus oocytes (epn), (III) late
perinuclear oocytes (lpn), (IV) oil globule oocyte 1 (og1),
(V) oil globule oocyte 2 (og2), (VI) yolkless oocyte (yl),
(VII) yolk granule oocyte (yg), (VIII) prematuration oo-
cyte (pm), and (IX) maturation oocyte (m). Depending on
the oocyte type, the stages of gonadal development were
defined as pre-vitellogenesis (oocytes type I, II, and III),
primary vitellogenesis (oocytes type IV, V, and VI), sec-
ondary vitellogenesis (oocytes type VII and VIII), and
mature (oocytes type IX). The diameter of the oocyte
was measured through the LAS EZ (Leica) software in
15 microscope fields (20×) for each examined female
and were analyzed in accordance with the methodology
described by Arcos et al. (2011).

Statistical Analysis

In order to analyze the differences in oocyte diameter and gene
expression, one-way analysis of variance (ANOVA) was
employed with paired comparisons to the experimental group
containing females injected with saline solution (control
group). The statistical tests were performed using GraphPad
Prism 3.0 software for Windows (GraphPad Software, USA).

Results

Gonadal Development and Spawning

Among the female groups examined in this study, spawning
occurred on the 2nd, 3rd, 4th, and 5th weeks, in 25, 15, 15,
and 5 % of eyestalk-ablated females, respectively. How-
ever, only one spawning event (5 %) was observed for
each group containing females injected with dsRNA-
IGSF4D or saline solution during the 2nd experimental
week. Macroscopically, 10 % of individuals in the groups
injected with dsRNA-IGSF4D or saline solution were
identified in developmental stages S3–4 on the 2nd exper-
imental week. Only early and intermediate gonadal devel-
opmental stages (S1 or S2) were observed in females
injected with dsRNA-GIH (Fig. 1).

Gene Silencing and Expression Analysis

When compared to females injected with saline solution,
levels of the GIH transcript in the eyestalks of females injected
with dsRNA-GIH were reduced by 64, 73, and 71 % at the
15th, 30th, and 37th dpi, respectively (p<0,0001). Through-
out the experiment, no statistically significant difference was
detected between the level of GIH transcript present in the
eyestalks of females that were ablated, injected with dsRNA-

Fig. 1 Proportion of Litopenaeus
vannamei females at each gonadal
development stage as revealed
through macroscopic observation
of shrimp ovaries, over 5 weeks
of experimental testing. S0
immature, S1 early maturation, S2
intermediate maturation, S3–4
mature, Sp spawning, dpi, days
post-injection
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IGSF4D, or injected with saline solution. Expression of vitel-
logenin mRNA increased by 2.5-, 2.7-, and 4.4-fold in the
ovaries of ablated females collected on the 15th, 30th, and
37th dpi (p<0.0001), respectively. On the 37th dpi, a 3.8-fold
increase in the level of vitellogenin transcript was detect-
ed in the ovaries of females injected with dsRNA-GIH
when compared with females injected with saline solution
(p<0.001). No statistically significant differences in the
levels of vitellogenin transcript were observed in the ova-
ries of dsRNA-IGSF4D (non-related dsRNA) injected fe-
males when compared to the group of females injected
with saline solution (Fig. 2).

Histology

Only oocytes belonging to the pre-vitellogenesis (oocytes type
I, II, and III) and primary vitellogenesis (oocytes type IV, V,
and VI) stages were identified in females injected with
dsRNA-GIH, dsRNA-IGSF4D, or saline solution. On the oth-
er hand, oocytes from all gonadal developmental stages were
observed in eyestalk-ablated females, with a predominance of
later stages such as secondary vitellogenesis (oocytes type
VII) and mature oocytes (oocytes type IX) (Fig. 3).

The diameters of oocytes observed in the ovaries of
eyestalk-ablated females were significantly different to those

Fig. 2 Levels of GIH and
vitellogenin transcripts detected
in eyestalk and ovaries,
respectively, in Litopenaeus
vannamei females that were
ablated, injected with dsRNA-
GIH, dsRNA-IGSF4D, or saline
solution. The vertical bars
represent the mean normalized
expression (± SEM) (n=5).
Statistically significant
differences to the control group
(saline solution) are represented
by ***(p<0.0001) and
**(p<0.001)

Fig. 3 Microscopic images of
histological sections of ovary
(stained with hematoxylin-eosin)
from Litopenaeus vannamei
females. Arrows indicate the
oocyte types characteristic to the
pre-vitellogenesis stage (a),
primary vitellogenesis stage (b),
secondary vitellogenesis stage (c),
and mature stage (d) observed
during the 38 days of
experimental testing. Oocyte
types: (cn) chromatin nucleolus
oocyte, (epn) early perinucleolus
oocyte, (lpn) late perinucleolus
oocyte, (og) oil globule oocyte,
(yg) yolk granule oocyte, and (m)
maturation oocyte. Scale bar:
25 μm
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observed in the ovaries of females injectedwith saline solution
on the 15th, 30th, and 37th dpi (p<0.001). There was also a
significant (p<0.05) increase in the diameter of oocytes from
females injected with dsRNA-GIH on the 37th dpi. No statis-
tically significant differences were observed in the diameter of
oocytes derived from females injected with dsRNA-IGSF4D
throughout the experimental period (Fig. 4).

Discussion

The most common method used to stimulate gonadal matura-
tion and spawning during captive breeding of L. vannamei
shrimps is unilateral eyestalk ablation, which in addition to
causing severe injury to the animal, is also responsible for a
significant hormonal imbalance that has a considerable impact
on the quantity, quality, and survival of the larvae produced,
especially during the first post-ablation spawning events
(Palacios et al. 1999). Recently, Chen et al. (2014) cloned a
hormone with similar characteristics to GIH from the
L. vannamei eyestalk. A recombinant protein from the cloned
neuropeptide has shown inhibitory effect on the expression of
vitellogenin mRNA in the hepatopancreas (Chen et al. 2014).
According to Raviv et al. (2006), vitellogenin transcripts can
be detected in both the hepatopancreas and ovaries of
L. vannamei shrimps. However, the levels of expression are
higher in the ovaries throughout the molting cycle when com-
pared to those detected in the hepatopancreas. In this study, we
performed gene expression analysis and quantitative histology
to assess gonadal development in L. vannamei shrimps in
captivity following inhibition of the GIH transcript by RNAi.

The results of the gene silencing study showed that expres-
sion of GIH was reduced 64, 73, and 71 % in the eyestalks of
females injected with dsRNA-GIH on the 15th, 30th, and 37th
dpi, respectively. However, ovarian vitellogenin mRNA ex-
pression was observed only on the 37th dpi, when the tran-
script levels were overexpressed 3.8-fold when compared to
that detected in females injected with saline solution (Fig. 2).
This result is consistent with the increase in oocyte diameter
observed on the 37th dpi in females injected with dsRNA-GIH
(Fig. 4). However, only the primary vitellogenesis stage of
gonadal development was observed in the ovaries of females

injected with dsRNA-GIH, dsRNA-IGSF4D, or saline solu-
tion throughout the experimental procedure. On the other
hand, oocytes characteristic of secondary vitellogenesis and
mature stages were predominantly observed in the ovaries of
ablated females. According to Palacios and Racotta (2003),
measuring the diameter of oocytes by histological analysis in
L. vannamei breeding stocks is the best method to evaluate the
maturation stage of the female in breeding systems. The late
response of RNAi GIH silencing on the expression of vitello-
genin mRNA might be due to residual concentrations of GIH
in the sinus gland and circulating in the hemolymph, since
mRNA silencing by dsRNA only inhibits the synthesis of
new hormone molecules.

In domesticated P. monodon, Treerattrakool et al. (2011)
demonstrated that inhibition of GIH transcripts in the eyestalk
following RNAi persisted for 30 days. Despite being able to
observe spawning events for 14% of the dsRNAGIH-injected
females, the authors found no significant gonadal develop-
ment in more than 50 % of them. However, the authors
showed that RNAi could stimulate gonadal development and
spawning in wild P. monodon. The difference in RNAi effi-
ciency between domesticated and wild females was attributed
to factors such as size, age, water quality (salinity and temper-
ature), nutrition, and rearing density used in the experimental
procedures (Treerattrakool et al. 2011). A similar set of factors
may have affected RNAi knockdown efficiency in the
L. vannamei from the dsRNA-GIH group in the present study.

Interestingly, in this study, no change in GIH expression
was detected in eyestalks (15th, 30th, and 37th dpi) from
unilaterally ablated L. vannamei females. According to Chen
et al. (2014), the eyestalk of L. vannamei is not the only struc-
ture able to synthesize GIH, which can also be synthesized by
the brain. However, the underlying mechanisms of GIH syn-
thesis involved in breeding control in L. vannamei females are
not yet fully understood.

In this study, the low breeding efficiency observed in female
shrimp that were treated with dsRNA-GIH molecules might
have been caused by the combined action of several forms of
GIH. For example, some neuropeptides isolated from the sinus
glands of L. vannamei were also identified as possible GIH
candidates, and were named Liv-SGP-A, -B, -C, -E, -F, and –
G. Among the isolated hormones, Liv-SGP-G shared 100 %

Fig. 4 Mean oocyte diameters (±
SD) observed in L. vannamei
females following ablation or
injection with dsRNA-GIH,
dsRNA-IGSF4D, or saline
solution at the 15th, 30th, and
37th dpi. Statistically significant
differences are represented by
*(p<0.05) and ***(p<0.001)
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nucleotide homology with L. vannamei CHH and also exhibit-
ed the highest inhibitory effect on the expression of vitellogenin
mRNA when subjected to in vivo incubation tests with
Marsupenaeus japonicus ovary fragments (Tsutsui et al.
2007). Similarly, the differential action of the GIH candidates
over Jasus lalandii lobster vitellogenesis has also been de-
scribed through in vivo heterologous assays using
P. semisulcatus ovaries (Marco et al. 2002). These authors also
demonstrated that some of these neuropeptides, in addition to
their effect on breeding, also have a hyperglycemic effect. In
fact, previous studies have suggested that all members of the
CHH family are derived from a common ancestor and subse-
quently diverged through successive mutation and gene dupli-
cation events throughout the evolutionary process, whichmight
have contributed to the multiple biological functions that are
widely reported for neuropeptides from this family
(Wilcockson et al. 2002; Chan et al. 2003; Webster et al. 2012).

The results presented in this study clearly demonstrate the
potential of RNAi technology for silencing hormonal tran-
scripts in domesticated L. vannamei in order to achieve go-
nadal development. However, further studies on GIH forms
and physiological mechanisms are necessary in order to
achieve an efficient RNAi-based technique to stimulate go-
nadal development and spawning in L. vannamei, alternative
to the traditional method of eyestalk ablation.
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