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Abstract: The effects of 3 hormones, HCG, LH-RH and serotonin (5-HT), on maturation and spawning of Penaeus semisulcatus de
Hann, 1844 were investigated in 2 experiments in this study. The experiments were carried out in round (4 m diameter) fiberglass
tanks for 50 days. In experiment 1, the effects of 3 dosages (1, 2 and 3 IU g! body weight (BW)) of HCG were compared against
a sterile vehicle solution (0.85% NaCl) injected group (control group) and an eyestalk ablated group. In experiment 2, 3 dosages of
both LH-RH (0.01, 0.1 and 0.2 mg g™' BW) and serotonin (20, 50 and 100 pg g*' BW) were tested against the control (0.85%
NaCl) and eyestalk ablated groups.

In experiment 1, the molting interval did not vary significantly among the treatments (P > 0.05). The highest number of spawns
was obtained from the ablated group and this was followed by the groups injected with 3 [U g! (2 spawns), 2 1U g and 1 1U g
of HCG (1 spawn) respectively. The control group (injected with vehicle solution) did not spawn during the course of the experiment.

In experiment 2, no significant difference was established in the molting cycle among the groups (P > 0.05). A total of 28 spawns
were obtained from the eyestalk ablated group during the experiment and repeated spawns occurred within the same molting cycle.
Four females injected with 50-100 g g™ of serotonin matured and spawned. Again, 3 females from the group injected with 20 g
g! of serotonin matured yielding a total of 5 spawns. Three females spawned in the groups that received 0.01 mg g! and 0.1 mg
g"! of LH-RH. Only one female injected with 0.2 mg g”! of LH-RH matured and spawned during the study. It appears that maturation
and spawning of P. semisulcatus can be successfully induced by injection of these hormones in captivity, though eyestalk ablation
remains the most reliable technique.
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Penaeus semisulcatus de Hann, 1844’ta Hormon Enjeksiyonu ile
Gonad Olgunlastirma ve Yumurtlama

Ozet: Bu calismada ¢ farkli hormon, HCG, LH-RH ve Serotonin (5-HT)'in Penaeus semisulcatus de Hann, 1844'un gonad gelisimi
ve yumurtlamasi Uzerine etkileri iki denemede arastiriimistir. Denemeler yuvarlak (4 m ¢apinda) fiberglas tanklarda 50 gunliik strede
gerceklestirilmistir. Birinci denemede 3 farkll dozda HCG enjekte edilen [1, 2 ve 3 IU g! Viicut Agirhigi (VA)] karideslerin Greme
performansi serum fizyolgjik solusyon (%0,85 NaCl) enjekte edilen grup ve gdz sapi kesilen grup ile Karsilastiriimistir. Ikinci
denemede 3 farkli LH-RH (0,01, 0,1 ve 0,2 mg g"! VA) ve Serotonin (20, 50 ve 100 pg g'' VA) enjeksiyonu yapilan karideslerin
Ureme performansi serum fizyolojik solusyon enjekte edilen grup ve gbzsapi kesimi yapilan grup ile karsilagtiriimistir.

Birinci denemede kabuk degistirme déngiisi muameleler arasinda istatistiki olarak farklilik géstermemigstir (P > 0,05). En fazla
yumurtlama gozsap! kesilen gruptan elde edilmis ve bunu sirasiyla 3 IU g! (iki yumurtlama), 2 U ve 1 1U g! HCG enjekte edilen
grup takip etmistir. Kontrol grubu Karidesleri deneme siresince yumurtlamamiglardir.

Ikinci denemede, kabuk degistirme dénglsi gruplar arasinda farklilik géstermemigtir (P > 0.05). Deneme sliresince gdzsapi kesilen
karideslerden 28 yumurtlama elde edilmis ve yumurtlamalar ayni kabuk degistirme déngisu igerisinde tekerrir etmistir. Yiksek
dozda (50 ve 100 pg g'!) serotonin enjekte edilen karideslerden dért disi, diisiik dozda (20 pg g™!) i disi olgunlasip, toplam 5 kez
yumurtlamistir. Diisiik dozda (0,01 ve 0,1 mg g!) LH-RH enjekte edilen karideslerden tic disi, Yiksek dozda (0,2 mg g'!) ise
yalnizca bir disi yumurtlamistir. Bu hormonlarin kullanimiyla yetistiricilik kogullarinda P. semisulcatus'un olgunlastirilip yumurtlamaya
tesvik edilebildigi gérilmektedir. Bununla beraber, gézsapi kesimi halen bu tirln olgunlastiriimasi ve yumurtlatilmasi i¢in en gtvenilir
tekniktir.

Anahtar SézcUKler: Penaeus semisulcatus, olgunlasma, yumurtlama, hormon enjeksiyonu, yumurta
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Introduction

The induction of ovarian maturation and spawning of
female penaeid shrimps is mainly carried out using the
unilateral eyestalk ablation technique (Primavera, 1985;
Browdy, 1992; Ogle, 1992). Although this technique is
used commonly worldwide in hatcheries, many problems,
such as deteriorations in spawn, spawner and larval
quality and quantity over time have been associated with
it (Emmerson, 1980; Chamberlain, 1985; Primavera,
1985; Makinouchi and Primavera, 1987; Tsukimura and
Kamemoto, 1991; Aktas and Kumlu, 1999). Alternative
techniques to the eyestalk ablation method, such as
temperature and/or photoperiod manipulations, hormone
injections and lobster ganglion implantations have been
investigated in different shrimp species. Cripe (1994),
with Penaeus duorarum (Burkenroad, 1939), and Aktas
et al. (2003), with Penaeus semisulcatus de Hann, 1844
studied the effects of temperature fluctuation on induced
maturation and spawning with a high degree of success.

The effects of hormones on the maturation and
spawning of penaeid shrimps have so far received little
attention. The effect of progesterone injection was
investigated on Metapenaeus ensis (de Hann, 1844) and
the results showed that it is possible to induce maturation
and spawning without statistical confirmation (Yano,
1985). Injections of 17 - alpha hydroxyprogesterone
increased vitellogenin secretion in Penaeus japonicus Bate,
1888 (Yano et al.,, 1988), and also sperm quality in
Penaeus vannamei Boone, 1931 (Alfaro, 1996). More
recently, studies by Sarojoni et al. (1995) with
Procambarus clarkii (Girard, 1852) and by Vaca and
Alfaro (2000) with P. vannamei have shown that
serotonin appears to induce maturation and spawning.
HCG has been reported by Yano and Wyban (1993) to
successfully induce maturation and spawning in shrimp
and prawn. The effects of HCG on growth and body
composition on Penaeus indicus H. Milne — Edwards,
1837 were tested by Jayaprakas and Sambhu (1998),
and it has been established that HCG stimulates gonadal
development. The studies with LH-RH (luteinizing
hormone releasing hormone) on maturation and
spawning have mainly focused on reproduction of
teleosts. Gonadotropins such as FSH and LH have been
investigated in sand shrimp, Crangon crangon (Linnaeus,
1758), and it was found that somatic cell numbers
increased with both hormones (Bomirski and Klek-
Kawinska, 1976; Zkowska, 1981). However, further
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studies are required to better understand the role of
these hormones on the maturation of various shrimp
species before any commercial application in shrimp
farming sector is introduced.

The main objective of this study was to compare the
effects of various hormones on gonadal maturation and
spawning of P. semisulcatus by injection at various
dosages.

Materials and Methods
Broodstock

Adult P. semisulcatus were collected from Yumurtalik
Bight in the northeastern Mediterranean in May, 2001,
by trawling and gill netting. Shrimps were transported in
oxygenated seawater to the Yumurtalik Marine Research
Station of the Faculty of Fisheries of Cukurova University
and were selected for their length and healthy
appearance. The animals were acclimated to the
experimental conditions for 2 weeks prior to the
experiments.

Experimental conditions

Experiments were conducted in round black fiberglass
maturation tanks (4 m in diameter, 65 cm water depth,
with a central outlet). All the tanks were covered with a
green tent to reduce illumination and external
disturbance. Water exchange rate was adjusted to 100%
daily.

Shrimps were weighed to the nearest 0.01 g and
measured for their total length (TL) from the tip of the
rostrum to the end of telson, and was also measured
carapace length from the post-orbital margin to the
posterior end of the mid-dorsal line of the carapace using
vernier callipers. Unilateral eyestalk ablation was done by
first tying the eyestalk and then cutting it off with
scissors. Injections were performed through the lateral
second abdominal somite with a 1ml micro syringe. Each
female was tagged individually by gluing different colored
plastic labels onto the carapace and placing different
colored plastic rings around the eyestalk to determine
molting, maturation and spawning individually.

The females were checked externally by inspecting the
size of the developing ovaries through the dorsal
exoskeleton on a daily basis as described by King (1948).
Females with stage Il and IV ovaries were removed and
placed individually into a 100 | spawning tank previously



filled with filtered (down to 1 pm) and UV irradiated
seawater. Total numbers of eggs and fertility were
estimated by counting 5 random samples in 100 ml
beakers. Eggs were left in the spawning tank for 24 h to
determine hatching rate. After hatching, the nauplii were
concentrated in 10 | containers and 5 random samples of
2 ml were taken to determine the numbers of nauplii.

Shrimps were fed twice daily with squid (Loligo
vulgaris Lamark, 1798), crabs (Callinectes sapidus
Rathbun, 1896) and various fish species to excess in the
morning and evening. Molts, dead shrimps and excess
feed were removed every morning. Experiments were
undertaken for 50 days.

Ranges of physicochemical parameters such as
temperature, pH, salinity (YSI Model 30 salinometer,
Yellow Springs Instruments USA) and dissolved oxygen
(WTW Measurement Systems, Germany) were checked
daily throughout the experiments. All experimental
treatments and conditions are summarized in Table 1.
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Experiment 1: HCG injection

Forty females, divided into 4 groups (HCG at 3
dosages, control and eyestalk ablated) and 20 males were
stocked into one 10 m? round bottomed tank (Tank A).
The female shrimps received 2 injections (days 1 and 21)
of HCG (Pregnyl, 1500 and 5000 [U commercial packet)
at 1, 2 and 3 IU g' BW or sterile vehicle solution (0.85%
NaCl) (control group) (Table 1).

Experiment 2: Serotonin (5-HT) and LH-RH
injection

Three serotonin (5-hydroxytryptamine, 5-HT, and
creatinine sulfate complex, Sigma, St. Louis, MO, USA)
doses (20, 50 and 100 pg g' BW) and 3 LH-RH
(luteineizing hormone releasing hormone, des-Gly'® {D-
Ala®}) doses (0.01, 0.1 and 0.2 mg g"' BW) were tested.
Thirty serotonin injected females and 15 males were
stocked into tank B, 30 LH-RH injected females and 15
males were stocked into tank C, and 10 ablated or 10
sterile vehicle solution (NaCl, 0.85%) injected females
and 10 males were stocked into tank D (Table 1).

Table 1. Experimental conditions and various treatments applied to P. semisulcatus

Exp. No. Tank Treatment No. of No. of Injection intervals Weight Total length
shrimps injections (days) (9) (mm)
11U g" BW, HCG 8 2 10 45.69 + 4.56 164.75 + 6.71
21U g BW, HCG 8 2 10 42.49 + 10.59 163.00 + 13.14
1 A 31U g BW, HCG 8 2 10 4771 + 10.52 169.62 + 11.92
0.85% saline solution (control) 8 2 10 44.66 + 8.07 164.50 + 9.71
Eyestalk ablation 8 - 45.64 + 13.90 167.50 + 14.78
Males 20 22.50 + 2.48 134.80 + 7.80
20 pg g”' BW, serotonin 10 10 38.76 + 9.80 158.00 + 11.58
2 B 50 ug g*' BW, serotonin 10 10 38.70 + 7.86 158.20 + 9.35
100 pg g! BW, serotonin 10 10 38.93 + 7.37 158.10 = 11.76
Males 15 - 25.33 + 2.54 127.85 + 5.67
0.01 mg g"' BW, LH-RH 10 10 37.34 + 4.98 160.90 + 8.82
2 C 0.1 mg g BW, LH-RH 10 10 36.77 + 8.53 155.40 + 9.84
0.2mg g BW, LH-RH 10 10 41.90 + 7.64 163.70 = 8.60
Males 15 - 25.91 +2.75 128.60 + 5.46
0.85% saline solution (control) 10 3 10 39.17 £ 5.03 160.20 + 5.22
2 D Eyestalk ablation 10 - 36.20 + 3.69 153.50 + 7.18
Males 10 - 38.60 + 4.90 139.10 + 4.53
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Statistical analysis

Experimental data were analyzed using one-way
ANOVA and any significant difference was determined at
a 0.05 probability level using Scheffe's test after the
normality and homogeneity (Bartlett’s test) of the data
were checked using Minitab statistical software.
Statistical analyses were not performed for those data
that could not be homogenized in any way.

Results

Throughout the experiments, salinity and
temperature were recorded as 39-40 ppt and 28-29 °C,
respectively. Dissolved oxygen varied between 5.0 and
5.5 mg " and pH was 8.10-8.15 during the experiments.

The initial weights and total lengths of the females
were not significantly different among the groups for
each experiment (Table 1) (P > 0.05). A few females died
after the first injections, and these were immediately
replaced with females of a similar size.

Experiment 1: HCG injection

In this experiment, molting interval was 16.25 days
for the eyestalk ablated, 18.42 days for the control, at
17.00, 19.00 and 16.00 days for the groups injected
with 11U g', 21U g" and 3 IU g of HCG, respectively
(Table 2). The molting interval did not vary significantly
among the treatments (P > 0.05).

The highest number of spawnings was obtained from
the ablated group and this was followed by the groups
injected with 3 1U g (2 spawning), 2 IlU g' and 1 IU g
of HCG (1 spawning), in that order. The control group
(injected with vehicle solution) did not spawn during the
course of the experiment (Table 2). Statistical
comparisons were not performed for the number of
eggs, fertility rate, hatching rate or the number of nauplii

produced due to the few spawns obtained from these
groups. The percentage of fertilized eggs and hatching
rate displayed the same trend among the groups (Table
2).

Experiment 2: Serotonin (5-HT) and LH-RH
injection

The molting intervals were 20.79 days for the
eyestalk ablated, 22.13 days for the control, and 20.00,
18.88, 19.20 days for the groups injected with 20
Hg g', 50 ug g’ and 100 pg g of serotonin, respectively
(Table 3). Although the molting cycle decreased in the
eyestalk ablated and serotonin injected groups compared
with the control group, no significant difference was
established among these groups (P > 0.05). The molting
intervals for those groups injected with LH-RH were
22.33, 22.60 and 22.63 days from the lowest dose to
the highest, and were the same among the groups ( P >
0.05).

All the eyestalk ablated females matured and spawned
at least once and at most 5 times during the course of the
experiment. A total of 28 spawns obtained from 10
females during the experiment and repeated spawnings
occurred within the same molting cycle (Figure 1). Four
females injected with 50 pg g" of serotonin developed
gonads and spawned. Again, 4 females from the group
injected with 100 pg g of serotonin matured yielding a
total of 6 spawnings. Both the control group and those
injected with 20 pg g' of serotonin produced 4
spawnings each. Three females spawned in the groups
that received 0.01 mg g and 0.1 mg g of LH-RH. Only
1 female injected with 0.2 mg g of LH-RH matured and
spawned during the study (Figure). Some females from
the hormone injected groups and eyestalk ablated group
re-matured and spawned more than once within the
duration of the experiment (Figure).

Table 2. Data regarding molting, spawning, fertilization, hatching rate and produced nauplii of P. semisulcatus in the HCG experiment.

Total length Total weight Molting No. of No. Fertility Hatching rate Nauplii
Groups (mm) (9) cycle (day) spawnings of eggs (%) (%) produced
Control 164.50 + 9.71 44.66 + 8.07 18.42 £ 1.72
11U g"1 of HCG 164.75 + 6.71 45.69 + 4.56 17.00 + 1.92 1 28,390 94.44 57.55 15,428
21U g'1 of HCG 163.00 + 13.14 42.49 + 10.59 19.00 + 2.00 1 47,300 87.1 61.4 25,295
31U g’1 of HCG 169.62 + 11.92 47.71 + 10.52 16.00 + 0.82 2 112,800 84.12 + 8.65 55.99 + 1.99 53,833
Eyestalk ablated 167.50 + 14.78 45.64 + 13.90 16.25 + 1.39 5 197,498 73.65 + 13.00 51.08 +23.83 70,685
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Figure. Number of spawnings of P. semisulcatus treated with different protocols.

The quality and quantity of spawnings were not
compared statistically due to the low number of spawns
obtained in some treatments. Eyestalk ablation was the
most effective method in inducing spawning in P.
semisulcatus. Nauplii production was 730,250 nauplii for
the eyestalk ablated group, 68,475-336,000 nauplii for
the serotonin injected groups, 64,500-310,950 nauplii
for the LH-RH injected groups and 66,600 nauplii for the
control group (Table 3).

Discussion

This study indicated that it is possible to induce
maturation and spawning of P. semisulcatus by HCG
injection (without statistical confirmation) in captivity. It
was reported that HCG positively affected vitellogene
synthesis in Idotea balthica (Pallas, 1772) and the sand
shrimp, C. crangon (Laufer and Landau, 1991). Similarly,

HCG was reported by Yano and Wyban (1993) to
successfully induce maturation and spawning in shrimp
and prawn. Zukowska (1981) found a stimulating effect
of hypophysis gonadotropins (FSH and LH) on ovarian
development in C. crangon. Jayaprakas and Sambhu
(1998) showed similar patterns in ovarian development
for P. indicus given food containing HCG. In addition,
there are some unpublished data showing that Penaeus
chinensis (Osbeck, 1765) can be maturated and spawned
in captivity by HCG injection (Liao and Chien, 1990). The
results of the above investigations and those in the
current study reveal that the mammalian hormone (HCG)
influences gonadal maturation and spawning in shrimps,
including the penaeids. During our experiment, we did
not obtain enough spawnings to clearly prove such
effects, and further studies should be carried out with a
different range of dosages of HCG on penaeid shrimps.

Table 3. Data about molting, spawning, fertilization, hatching rate and nauplii produced of P. semisulcatus in the serotonin and LH-RH experiment.

Groups Total length Total Molt cycle No. of Number of Fertility Hatching Nauplii
(mm) weight (g) (day) spawnings eggs (%) rate (%) produced
Control 160.20 + 5.22 39.17 + 5.03 22.13+2.23 4 252,150 73.39 + 7.41 45.26 + 9.20 66,600
20 ug g'1 of serotonin 158.00 + 11.58 38.76 + 9.80 20.00 + 2.06 4 368,500 89.64 + 10.21 56.95 + 9.76 205,425
50 ug g'1 of serotonin 158.20 + 9.35 38.70 + 7.86 20.79 + 2.59 7 550,049 85.77 + 14.14 69.02 + 6.07 336,000
100 pg g’1 of serotonin ~ 158.10 + 11.76 38.93 + 7.86 19.20 + 1.30 6 559,218 78.22 + 22.47 58.10 + 28.90 239,400
0.01 mg g’1 of LH-RH 160.90 + 8.82 37.34 +4.98 22.33 + 2.69 3 225,818 92.18 + 8.63 79.71 £ 18.15 167,614
0.1 mg g'1 of LH-RH 155.40 + 9.84 36.77 + 8.53 22.60 + 3.47 5 487,200 90.47 + 6.77 73.68 + 14.52 310,950
0.2 mg g'1 of LH-RH 163.70 + 8.60 41.90 + 7.64 22.63 + 2.39 1 69,000 100.00 + 0.00 93.47 + 0.00 64,500
Eyestalk ablated 153.50 + 7.18 36.21 + 3.69 20.79 + 3.20 28 1,733,829 78.18 + 15.44 59.37 + 22.71 730,250
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The second experiment demonstrated that P.
semisulcatus can mature and reproduce in captivity with
serotonin injections. Similar findings have been reported
for crayfish (P. clarkii) by Sarojoni et al. (1995), Penaeus
monodon J. C. Fabricius, 1798 by Fingerman (1997) and
P. vannamei by Vaca and Alfaro (2000). As a result, it
appears that maturation and spawning of penaeid
shrimps including P. semisulcatus can be successfully
induced by serotonin injection in captivity. However,
eyestalk ablation gives the highest and more predictable
maturation and spawning in penaeid shrimps, as also
demonstrated in the current study. The time between the
commencement of the experiment and spawning was
shortest for ablated females compared with those given
hormone injection. This is assumed to be due to faster
decreasing levels of GIH (gonad inhibiting hormone) in
the hemolymph of the females following eyestalk ablation
(Browdy and Samocha, 1985; Primavera, 1985; Dall et
al., 1990). Serotonin injection resulted in the second best
reproductive performance among the treatments in the
present study. The quality and quantity of eggs for each

References

Aktas, M. and Kumlu, M., 1999. Gonadal maturation and spawning of
Penaeus semisulcatus (Penaeidae: Decapoda). Tr. J. of Zoology,
23: 61-66.

Aktas, M., Kumlu, M. and Eroldogan, O.T., 2003. Off-season
maturation and spawning of Penaeus semisulcatus by eyestalk
ablation and/or temperature-photoperiod regimes. Aquaculture,
228: 361-370.

Alfaro, J., 1996. Effect of 17 alpha methyl testosterone and 17 alpha
hydroxyprogesterone on the quality of white shrimp Penaeus
vannamei spermatophores. J. World Aquacult. Soc. 27: 487-492

Bomirski, A. and Klek-Kawinska, E., 1976. Stimulation of oogenesis in
the sand shrimp, Crangon crangon by human gonadotropin. Gen.
Comp. Endocrin, 30: 239-242.

Browdy, C.L. and Samocha, T.M., 1985. The effect of eyestalk ablation
on spawning, moulting and mating of Penaeus semisulcatus De
Haan. Aquaculture, 49: 19-29.

Browdy, C.L., 1992. A Review of the Reproductive Biology of Penaeid
Species: Perspectives on Controlled Shrimp Maturation Systems
for High Quality Nauplii Production. In: J. Wyban, (Ed.),
Proceeding of the Special Session on Shrimp Farming. World
Aquaculture Society, Baton Rouge, LA, USA, pp. 22-51.

Chamberlain, C.W., 1985. Biology and Control of Shrimp Reproduction.
In C.W. Chamberlain, M.G. Haby, and R.J. Miget (Eds.), Texas
Shrimp Farming Manual an Update on Current Technology. P.
1.23. Texas Agricultural Extension Service. Texas A&M. University
System Research and Extension Centre, Corpus Christi, Tx
78410.

198

spawning taken from ablated and serotonin injected
females were fairly similar. Vaca and Alfaro (2000) who
studied P. vannamei, reported similar results. The
injection level of 50 ug g' BW gave the best results in the
current study, confirming the results of Vaca and Alfaro
(2000) for P. vannamei. It thus may be concluded that
serotonin injection can be successfully applied to obtain
offspring from P. semisulcatus broodstock. LH-RH did
not have a clear influence on gonadal development and
spawning in P. semisulcatus, at least not at the dose
range tested in our study. However, fertility and hatching
rates of the eggs taken from the females injected with
LH-RH were observed to be better than those of the
eyestalk ablated and control groups. Further research is
needed to fully understand the effects of LH-RH on
fertility and hatching rates of penaeid shrimps.

Acknowledgment

This study was financed by the Research Fund
(FBE.2000.D.40) of the University of Cukurova, Turkey.

Cripe, G.M., 1994. Induction of maturation and spawning of pink
shrimp, Penaeus duarorum by changing water temperature, and
survival and growth of young. Aquaculture, 128: 255-260.

Dall, W., Hill, B.J., Rothlisberg, P.C. and Staples, D.J., 1990. The
Biology of Penaeidae. In: J.H.S. Blaxter, and A.J. Sauthward
(Eds.), Marine Biology, 27. Academic Press Limited. 488 p.

Emmerson, W.D., 1980. Induced maturation of prawn Penaeus indicus.
Mar. Ecol. Prog. 2: 121-131.

Fingerman, M., 1997. Roles of neurotransmitters in regulating
reproductive hormone release and gonadal maturation in
Decapoda crustaceans. Invertebr. Reprod. Dev. 31: 47-54.

Jayaprakas, V. and Sambhu, C., 1998. Impact of dietary human
chorionic gonadotropin on growth and body composition of white
prawn, Penaeus indicus (M. Edwards). Mahasagar, 27: 131-138.

King, J.E., 1948. A study of the reproductive organs of the common
marine shrimp, Penaeus setiferus (Linnaeus). Biol. Bull. 94: 244-
262

Laufer, H. and Landau, M., 1991. Endocrine Control of Reproduction in
Shrimp and Other Crustacea. In: P.F. Deloach, W.J. Dougherty,
M.A. Davidson. (Eds). Frontiers of shrimp research.
Developments in Aquaculture and Fisheries Science, 22. Elsevier,
Amsterdam Oxford, New York, Tokyo, pp. 294.

Liao, I.C. and Chien, Y-H., 1990. Evaluation and Comparison of Culture
Practice for Penaeus japonicus, Penaeus penicillatus and Penaeus
chinensis in Taiwan. In: Main, N.K. and Fulks, W. (Eds.). The
Culture of Cold-Tolerant Shrimp: Proceedings of an Asian — U.S.
Workshop on Shrimp Culture. Honolulu, Hawaii, USA. pp. 49-63.



Makinouchi, S. and Primavera, J.H., 1987. Maturation and spawning of
Penaeus indicus using different ablation methods. Aquaculture,
62: 73-81.

Ogle, J.T., 1992. A review of the current state of our knowledge
concerning reproduction in open thelycum penaeid shrimp with
emphasis on Penaeus vannamei. Invertebrate Reproduction and
Development, 22(1-3): 267-274.

Primavera, J.H., 1985. A Review of Maturation and Reproduction in
Closed Thelycum Penaeids. Proceedings of the International
Conference on the Culture of Penaeid Prawns/Shrimps. lloilo City,
Philippines, 1984.

Sarojini, R., Nagabhushanam, R. and Fingerman, M., 1995. Mode of
action of the neurotransmitter 5- hydroxytryptamine in
stimulating ovarian maturation in the red swamp crayfish,
Procambarus clarkii: An in vivo and in vitro study. J. Exp.
Zoology. 271: 395-400.

Tsukimura, B. and Kamemoto, F.I., 1991. In vitro stimulation of
oocytes presumptive mandibular organ secretions in the shrimp,
Penaeus vannamei. Aquaculture. 92: 59-66.

M. AKTAS, M. KUMLU

Vaca, A. A. and Alfaro, J., 2000. Ovarian maturation and spawning the
white shrimp, Penaeus vannamei, by serotonin Injection.
Aquaculture, 182: 373-385.

Yano, 1., Tsukimura, B., Sweeney, J.N. and Wyban, J.A., 1988. Induced
ovarian maturation of Penaeus vannamei by implantation of
lobster ganglion. J. World Aquacult. Soc. 19(4): 204-209.

Yano, I. and Wyban, J.A., 1993. Induced ovarian maturation of Penaeus
vannamei by injection of lobster brain extract. Bull. Natl. Res.
Inst. Aquacult. Japan Yoshokukenho, 21: 1-7.

Yano, 1., 1985. Induced ovarian maturation and spawning in
greasyback shrimp, Metapenaeus ensis, by progestrone.
Aquaculture, 47: 223-229.

Zkowska, A.M., 1981. Effect of hypophyseal gonadotropins (FSH, LH)
on the ovaries of the sand shrimp, Crangon crangon. Marine
Biology, 63(3): 241-247.

199



