CHAPTER I
INTRODUCTION

The fishery prodgétibs o[/# and increased rapidly during

the past three decadeé"lb-ancrsaseﬁo 3 million tons in 1960 to

about 2.6 million t('

production neverthele

because of the overfi
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coastal aquaculture, especially

attention. Marine shrimp is a fishery product rich in nutritional

value, havi.ﬂ&ucﬁ &aﬁé] Wﬁ?ﬂéj During the last

decade, the average value of i;;ozen shrlmp exported from Thailand was
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in valuél in 1988 (Thaifarmer Bank, 1989).

Thailand has a number of marine shrimp species which are
suitable for culture. Among these, the giant tiger prawn (Penaeus
~ monodon) is perhaps the best species for most situations. During 1985-
1988 expori:ed value of frozen shrimp incréased about 30 percent

compared to the |preceding years resulting from increased P. monodon



demand of major importers such as Japan, U.S.A. and E.E.C. (Panipa

Hanvivatanakit, 1988).

P. monodon culture in Thailand expanded rapidly and this
resulted in the higher seed demand. Niwes Ruangpanit (1988) stated
that the demand of postlarvae was 500-1,000 million per year. The
seed production of P. monedon at_péesent is still inconsistent and
sometimes can not satisfy the demand;“ The present technology uses
wild-caught spawners which are gxpensive and available only in certain
seasons of the yeaps f;he pricq of wild-caught broodstock, besides

P \
feed, is the highp§%fyariable cost in P. menodon seed production
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(Niwes Ruangpanip;fiéﬂg; Panip;fHanvivatanakit, 1988; Office of

Agricultural Econom}ésﬁ'1§88)v §>'
Because of the forgméntidaédlproblems, it might be worth to

F
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try other methods for the*60nsisteg§7pfoduction of P. monodon spawners

with a lower price. _The iise of pond-reared P. qmonodon instead of the

4

wild prawns for-ﬁﬁb broodstock might be an angﬁgr to this problenm.

—
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Objectives.

The main objectives of this study¥rare as follows :

1. To comparatively study ovarian maturity and spawning of
pond-reared and wild-caught P. monodon.

2. To determine the effect of the prawn sizes on ovarian
maturity and spawning of pond-reared and wild-caught P. monodon.

3. To determine the effect of the different diets on ovarian

maturity and spawning of P. monodon.



4. To determine moulting frequency of unilateral eye-stalk

ablated female P. monodon rearing in the closed recirculating water

system.

Expected Results.

ion will be a background

-9 reé'iye biology of P. monodon.

. monodon broodstock -

An outcome of

information for under
The results can a-{‘ j

improvement.

Literatures Review

Taxonomy.

The taxoneomy o ollows (Solis, 1988) :
Phylum _v opoda |
Class CruEacea
Subclass Malacostraca

mmmsmw BInN3

Suborder Natan‘iilm’] ’J w EJ ’] a EJ
Superfamily Penaeoidea
Family Penaeidae Rafinesque, ‘1815
Genus Penaeus Fabridius, 1798
Subgenus Penaeus

Species monodon



Scientific name : Penaeus (Penaeus) monodon Fabricius, 1798.

It has four synonyms

Penaeus carinatus Dana, 1852
P, caeruleus Stebbings, 1905

P. monodon var. manillensis Villaluz and Arriola, 1938

P. bubulus Kubo, 1949"1.1_1'(,

i
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The common names. are gﬂant tiger prawn (English), crevette

geante tigree (Frenchl, camaron tlgre gigante (Spanish) and Kung Ku-

La-Dum (Thai) g’/’ff i

-

Morphology. !f/f ];
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The exoskeleton oP*P moéadon is smooth, polished and
et .“’*ﬁ

glabrous. The rostrum, extendlng:téyond the tip of the antennular

'.f -‘h._"_;.__

peduncle, is 51dm91dal shape, and has 6-8 dgbsal and 2-4 ventral

Y

teeth, mostly 7 and 35 respectively. The carapéce is carinated with

the adrestral carima almost reaching the posterior margin of the
carapace. The gastro-orbital carina occupies the .posterior one-third
to one-half distance betweenthe ‘post-orbital margin of the carapace
and the hepatic.spine. ..The hepatic.carina /s prominent and the
anterior half is horizontal. The antennular flagellum is subequal to
or slightly longer than the peduncle. Exopods are present on the
first four pereopods but absent in the fifth. The abﬂomen is
cartinated dorsally from the anterior one-third of the fourth to the
sixth somites. The telson has a median groove but without dorsal-
lateral spines (Motoh, 1981, 1985; Solis, 1988). Figure 1 shows the

various parts of P. monodon.
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Figure 1. Lateral view of giant tiger prawn showing important parts.
(source : Motoh, 1981).
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A live giant tiger prawn has the following characteristic
coloration. Carapace and abdomen are transversely banded with red and
white, the antennae are greyish brown, and the pereopods and pleopods
are brown with crimson fringing setae red. Upon entering shallow
brackish waters or when kept in ponds, the color changes to dark brown
and often to blackish (Motoh, 1‘? .

g\\%

Distribution. > —

The giant ti

part of the Indo-Wes ific’ regi a ging northward to Japan and
Taiwan, eastward ; Australia, and westward to

Africa (Motoh, 1981, 1

In general, ti ; Ea a of ranges P. monodon
‘d‘_"‘:: =

distributes from 30° E tg.-W E» long:
W
latitude with ttig_),

4 i
countries,l pa.rticuljrly--l_sldon
: o

The fr 1juvé’mﬂ.es and ﬁdﬁﬂ ﬂi shore area and
mangrove estf{ EJh’g wo f] it deeper waters
160 m.

“’si"’im mmm URIINYIA Y

Re roductlve Biolo

main -;.:_a-......: ‘.‘- in the tropical

a,uand the Philippines.

A. Reproductive Systen.

P, monodon is dioecious. The sexes can be distinguished
by external characters (genital organs); petasma and a pair of

appendix masculina in male and thelycum in female. The petasma is



situated between the first pleopods and the appendix masculina on the

exopods of the second pleopods, while the thelycum is situated between

the fourth and fifth pereopods.

A pair of genital openings in the male is situated on the
coxae of the fifth pereopods and in the female on the coxae of the

third pereopods.

1.
augtf;éfﬁngeg of the male consists
b

of a pair of testes i ;’ t:@hﬁgal ampoules located in
the cardiac region o gifihe a dnaﬁggeas The testis is
translucent and comp 'ti{ y 'ﬁhfonnected in the inner
margins leading to th s ?i-il 4 as deferens consists of
four portions, namely = r§x1mal vas deferens, a
thickened larger median portrp ‘the medlal vas deferens, the

= .—"""

mascular portlon oule. The terminal

]
ampoule contains spéJ;atophore and opens at the base of coxopod of the

Gt ﬁﬁ%ﬂw INYINT

The spermatozoa of P. mofiedon are minute globular

sodien Gibted G $1kka b kbt ¥ aibranel bkl o oot

spike.

The petasma is a pair of endopods of the first
pleopods formed by the interldcking hook-like structures. The
appendix masculina is oval and is located on the endopod of the second

pleopod.



2. Female Genital Organ.

The internal reproductive organ of the female
consists of paired ovaries and oviducts. The ovaries are bilaterally
symmetrical, partly fused, and extend almost the entire length of the
mature female. It is composed of the anterior lobe located close to
the esophagus and the cardiac rqgir? of the stomach, the lateral lobes
located dorsal to the hepatopancrééé?%égd the abdominal lobe which

lies dorso-lateral to.iﬁe,intest&ne and-ventrolateral to the dorsal

.

icts originate at the tips of the sixth

abdominal artery. “Eﬁg:;;“

lateral lobe and lead .to ;kﬂqxte‘nal genital opening at the coxopods

of the third pair of per H(Soifﬁ, 1988).

.y [ o’

The e m,;ﬁodited between the fifth pair of
., .":‘. f}::f 4‘;‘

pleopods, consists of /an antepior ggﬂ a pair of lateral plates. It
Ak ¥, j-h

receives the spermatoph e;}ﬁ@iing ﬁé@i&k.
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B. SexuaL'_éafuripfyﬂ,,, —— — j’

L,

L

Motoh (1?81) defined sexual laturﬁf as the minimum size

J —d
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at which spermatozoa are found inside the terminal ampoule of the
males and inside' the ‘thelycum in the females. The latter indicates
that copulation or spermatophore transfer from the .male to the
thelycum, of ‘the| female has takén‘plécé. On this basis, Motoh stated
that wille. monédon males have spermatozoa at 37 mm carapace length
(CL) (about 35 g body weight or BW) and females at 47 mm CL (about
67.7 g BW), although pond-reared prawns were mature only at 31 mm CL

(about 20 g BW) and 39 mm CL (about 41.3 g BW), respectively.

From the reproduction point of view, Primavera (1985)

emphasized the importance of gonadal maturation and the presence of



fully developed spermatozoa with spike. Motoh (1981) found that sperm
in wild P. monodon males below 37 mm showed only a body (without
spike), while Primavera (unpubl.) cited by Primavera (1985) made
mention of 10-month old pond-reared P. monodon with immature

(spikeless) sperm.

The minimum age at f!r'%z/ovanan maturation of captive

broodstock is 9-18 months for P. monoden’TAQUACOP, 1977a; Santiago,
-

1977; Primavera, Borl_c_)ygan, and FIosadas, 1978_; Anand Tunsutapanich et

al., 1989). However,/{

avera (1978) reported that five-month-old P.

monodon could mat d p%‘n aj_ft;;;er ablation but generated poor

quality larvae. Thi iga ‘es—the‘need for older females that may be

more receptive to i aturatmn Pond-reared females should be
}-4 d

at least one year ol be -ablefjto produce good egg and larval

quality after eyestalk bla’tlon (Pmmdiera, 1983; Millamena et al.,

1986). Sakchai Chotxkun,_..K;r.;,e}xgsakj,-?gde‘bpai, and Supot N Bangchang
‘ y i

(1987) and Anand T-un apani ot _al 989 ) veported that the optimal
___j ._\_JJ

size for maturatiom of the pond-reared praWn could be at least

-

eighteenth—month—oﬁ. Satisfactory maturation, spawning, and
metamorphosis of laEvae to ' post-larvae were obtainéd using eyestalk
ablation and artificial insemination techniques on 6 and 8 month-old
pond—re&redfgfmales" ‘aiad females, respecti‘vely, but the best results
were obtained with broodstock prawns that are over a year old (Chwang,

Chiang, and Liao, 1986).

Spawners from captive broodstock are generally smaller
than those from the wild. Ablated female P. monodon has a minimum

size of 32 g (Poernomo and Hamami, 1983) and 45 g (AQUACOP, 1977a
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}citéd by Primavera, 1985) compared to > 75 g for wild spawners

(Pfimavera, 1978).

Taiwanese and many 3Philippine hatchery operators believe
that wild P. monodon spawners are superior for quantity and quality of
eggs and larvae production (Primavera, 1985). Prawns with similar
physical appearances, but withéﬁifferent origins may respond
differently to the maturation techn qﬁi:lghwang et al., 1986). Prawns

from shallow water céastal aréas; or~from area influenced by

g—
freshwater runoff gizg,ﬂﬁ

uiTe maﬁps 60 g or larger, and females 80 g

“orab&e results. High quality P. moncdon

in Thailand typical

.'I I - - i JJ
or larger (Niwes R: o et—=l.,\ 1981 ; Somboon Laoprasert and

ﬁ’Lﬁopégéért, 1985; National Institute of

&d i

Coastal Aquaculture, /NICAy 1985‘J$akcha1 Chotikun et al., 1987;

Pitak Polkhan, 1984; /So

Sakchai Chotikun, 1988)‘ Thé femafzk captured from the wild may be

Jf e .,_,,J:‘

either gravid, or non grav1d 137 is believed that larvae of
- - :— ‘_‘J‘sl—i-—

broodstocks obtained from the Andaman Sea, whlch 1s deeper and being a

"—.:

real marine envrtdnment are better than lanng from other sources

(NICA, 1985; Niwes Buangpanit et al., 1985; Niwes Ruangpanit, 1988).

1, Ovarian Maturation Stages.

The pmaturation)of jthe, ovary thaspbeen eategorized into
five stages (Figure 2), based on ovum size, gonad expansion, and

coloration (Primavera, 1983,1985; Motoh, 1981).

Stage I and V (undeveloped and spent stages), ovaries
are very small, flaccid, and invisible through the exoskeleton. The
ova are covered with a layer of follicle cells and are small,

measuring 35 microns on average, and only the largest ones reveal a



PARTIAL SPAWNING

.Figure 2. External appearance of the ov
(source : Primavera, 1983).

RIPE

aries of giant tiger prawn

IT
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nucleus and yolk granules. P. monodon with carapace length less than

47 mm, are recognized as undeveloped.

Stage II (developing stage). Developing ovaries can
be easily differentiated from other tissues. They are flaccid and
white to pale olive puff. Developing ova have yolk granules and cells
believed to be nutritive bodies and have an average diameter of 177

microns,
-

Stage ILL#(nearly ripe stage). Ovaries have glaucous
color with the anteriof péntion thick and expanded. They are very

visible through the exoskeleton, pﬁfticularly at the first abdominal

segment, when viewed against the llgh%. The average ova size is 215

dd

microns in diameter.
! IJ-_
Stage IV (rxpe stage),.JThe ovary classified as ripe

(mature) stage is diamond—shaped, expéﬁding through the exoskeleton of
the first abdomlnal_sggmenhL_Ihe_isol&mmi—ov&ny appears dark olive
green, filling up all the available space in the body cavity
(Primavera, 1983). Motoh (1981) reported the presence of a
characteristic omargin of peripheral trod-1ike bodies, the apexes of
which radiate from the egg centér. The average ova size.is 235 microns
in diameter.Tan-Fermin and Pudadera (in press) cited by Solis (1988)
characterized this stage to consist mostly of yolky oocytes (288-408
microns) with additional rod-like bodies which contain acid aqd basic

mucopolysaccharides but without lipids.

In some cases, ovaries are observed to be

discontinuous, i.e., white in color in either the anterior or

¢
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posterior portions with olive green color in the opposite ends. This

condition is referred to as partially spent ovaries (Solis, 1988).

C. Mating.

P. monodon is a closed thelycum penaeid in which the
prerequisite to mating or spermatophore transfer is the pre-molting of
females.

J
Courtship (preeopulatory) behavior in P. monodon starts

with the attraction.of one to three hard-shelled males to a newly

molted female which#'they Follow as she makes brief upward movements

4

=

over distances of 50-80/cm. | When one male positions itself directly
# 4 I'I &

below the female, the pair 'engagé§ in parallel swimming movements

during which the male triESﬂtéwaliééiﬁis ventral side to that female.
ild * s
If successful, the malé quickly shj§§$ from parallel position to

perpendicular to the female. ‘He cur%é;#his body in a U-shape around

the female, flickﬁng head and tail simult%ﬁeously, presumably
inserting the ség}matophores inside the tﬁgiycum at this time

(Primavera, 1983).

Mating requires a'minimum water-volume and depth. Limited
frequency and success of_ mating have been experienced in small and
shallow "tanks' (Poernomo“and“ Hamami, '1983). “ Complete darkness
(AQUACOP, 1980 cited by Primavera, 1985) as well as bright floodlights
(Primavera, unpubl. cited by Primavera, 1985) can also hinder mating
of P. monodon. Salinity may have no effect on copulation judging from
the presence of sperm in the thelycum of P. monodon caught from

estuaries and brackishwater ponds (Primavera, 1985).
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The absence of fertilization and hatching is possibly due
to unsuccessful spermatophore transfer in P. monodon (Primavera, Lim,

and Borlong'anr, 1979; Emmerson, 1983).

Newly-caught wild or pond-reared broodstock are generally
mated when stocked in maturation tanks. Hatching and viability of

nauplii from initial captnAqHJ% 1§gs are dependent on sperm

copulation in the wild o envi rlmavera, 1985). Failure

of mating in cai/yvil ul_?rn&tg_y lead to unhatched

(unfertilized) eggs ‘loss \S)f smhores once that female

molted. Decrease o

and 6:00 a.m. and }.‘je following sc ﬁ based on reports by

Motoh (1981), and Prmeavera. (1983, 1985)

AN AN TN e
TSR A TR ‘ﬁt IZOZZ;TZZZ

(simultaneous with sperm release from thelycum) over 2-7 min. Active
movements of pleopods disperse the eggs and nonmotile spefm. The
pink-orange scum associated with spawning is not so abundant in tanks

with gentle aeration.
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Gravid females that do not spawn for 2-3 successive nights
but retain the ovarian outline may have the "milky ovary" disease

caused by a microsporidian (Primavera, 1988).

E. PFertilization, Incubation, and Hatching.

The events follow1ng spfwn1ng have been described by Clark
et al., (1984) cited by Primavera (qugff;n detail for Sicyonia
ingentis, a shrimp closely relatgg to penﬁ“lds. These include sperm
blndlng, acrosomal reaétic ,fovum’jelly extrusion, fertilization or

sperm-egg fusion and hing %embrane formation. Ovum jelly

"
r

extrusion or the corti ion involves the extrusion of cortical

—
rod to form a coréna for/ j llx 13yer as observed in P. monodon

(Primavera and Posadas,

.u;

1 _1)." Abmormal spawns of P. monodon eggs

tank bqﬁtom rgnpln unfertilized and unhatched

(Villaluz et al., 1972 01t d 'by Pniﬂbéera, 1988) perhaps due to a

laid in masses on th

failure of the cortlcal reaétron (AQﬂKCUP 1977? cited by Primavera,
1988). T -q

l_gg;L

Developméﬁt of P. monodon eggs has Béen described by Motoh
(1981); hatching &ime is 1215/ hré /after spawnings ) Hatching rate from
eggs to nauplif] is correlated with egg quality which is detertimed
following) the “molphélagical qlassification (Primdvera' and Posodas,

1981; Figure 3).

F. Fecundity and Spawning Success.

The number of eggs spﬁwned varies according to the
condition of the spawning female. Fecundity ranges from 248,000 to

811,000 eggs and 57,650 to 550,300 eggs for unablated and ablated wild

017224



DAY 1
(10:00 p.m.-2:;00 a.m.)

NIGHT SEPARATION OF  COMPLETION OF FERTILIZE TWO-CELL  MORULA STAGE

AFTER SPAWNING EXTERNAL MEMBRANE EXTERNAL MEMBRANE'" SmﬁcE (40 min.) (1 hr.. 30 min.)
(0.min.) :

" UNFERTILIZED - 1))
ggé;ggﬁLoPmENT 'ﬁf

Figure 3. Development of ldifferent egg ‘types of giant tiger prawnm
source 3 Primavera and'Posadas, 1981).

DAY 2
(9:00 a.m,~10:00 a.m.)

~~external
membranc

EARLY NAUPLIUS. “NORMAL DEVELOPMENT
N

. IRREGULAR CYTOPLASMIC
- FORMATIONS

CYTOPLASM INVADEN BY
BACTERIA

91
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P. monodon, respectively (Motoh, 1981; Emmerson, 1983; Hillier, 1984;
Somboon Laoprasert, 1985; Sakchai Chotikun, 1988); whereas pond
ablated female fecundity ranges from 60,000-1,050,000 eggs (Muthu and
La#minarayana, 1977 cited by Primavera, 1985; Primavera,.1978;
Aquacop, 1983; Anand Tunsutapanich et al., 1989). The wide range of
egg numbers could be due to female,51ze (50 to 200 g) and inclusion of
egg counts from both partial and comﬁ&f}e spawns. Similarly, hatching
rate range from 0 to over 90% dengndlng on. nutrltlon, sex ratio, water
depth, and other phiiz§lggipal faLtors that may affect egg quality and

mating efficiency (Pri

vera, 198§).

G. Artificia

r &l i

Low mating' e £jqi§ncy49QServed in penaeid prawns is
# ¥

laék‘of'iﬁle supply in captivity. Leung-
= v -,||FJ

Trujillo and Lawrence (1987)-Peporteﬁ:a ‘decline in sperm quality of P.

l""‘& l_‘_

setiferus after three weeks of'capt1v1ty. Bactgria proliferate in the

perhaps due to disease

x_‘ B
sperm mass of capt;ye male P. setiferus. Destrggiion of penaeid spernm

|

is}occurring in regions of the vas deferens that appear normal under
the dissecting microscope dTalbot et-al,, 1988), Thus captive males
become infertile lprior to what-would ‘be expected based on the external

morphology of the vas deferens.

Artificial inseminationrhas been developed to solve poor
mating efficiency problem. Spermatophores are extracted either
manually or electrically and inserted in the thelycum of'a newly
molted female. Mean hatching rate from P. monodon females implanted
with two spermatophores was 82.35% and 39.11% for the first and

subsequent spawnings, respectively, while those implanted with only
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one spermatophore were 71.87% and 13.17% respectively (Lin and Ting,
1986). Lin and Hanyu (1990) found that spermatozoa in the vas
deferens are functionally mature. Pond-reared P. penicillatus females
implanted with fragments of vas deferens gave an average hatching rate

of 76.2%.

An artificial mﬁh}‘e‘% (ACF) which contains 62.5

mg/ml of trypsin (1: 2, trans whole spermatophore into

spermatic fluid. is ouah e useful to artificial

insemination. Hat

1 d%easegﬁﬁhﬁihthe eye-stalk ablated

gravid P. penicill

previously‘in ACF implanting sperm mass of

, 1990).

H. Factors-iifluen01n Maturatlon.

e UV Y Wf’? LLZR1Or R
RS YT

1. Hormonal Control.

Ovarian maturation and function , e dgcapod
crustaceans is apparently inhibited by a gonad-inhibiting hormone
(GIH) produced by the neurosecretory cells of the X-orgam and then
stored and released by the sinus gland, both iocated in the eyestalks

(Adiyodi and Adiyodi, 1970 cited by Primavera, 1985). The GIH
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inhibits gonadal maturation, either through direct action on the ovary
or fat body (Meusy and Chariaux Cotton, 1984 cited by Primavera,
1985), or through indirect action on the brain and/or thoracic
ganglion (Adiyodi and Adiyodi, 1970 cited by Primavera, 1985). Under
natural conditions, environmental stimuli act to reduce the production
of GIH by the X-organ, and thus ﬂ?tivate the production of gonad-
stimulating hormone once the GIH titéﬁ%;fgghes a certain concentration
(Khoo,1988). Artificially induced mah;ratibn by eye-stalk ablation
destroyes the X—organﬂgﬂif oval kr destruction of the eye-stalk,and

the GIH titer is thus ”ficialli,reduced. This leads to rapid and
" r '_

repeated gonadal matupation’

f d-épi&hing. P. monodon in captivity is

— ol

éygﬁtq&k‘iablation technique is used to
ey

increase maturation and sp ning rates (Primavera, 1985).

¥ i
. .‘J' : 1'11{]‘

Ablation” ig  performed om either eye but an already

difficult to breed,

diseased or damaged eye should beﬁ3$f&ted to leave one healthy

\ £
(unablated) eye. Sé;tiaga_ilﬂlll_cbsacxed_thstq??lation of a single

eye-stalk was sufficf?nt to mature P. monodon.

Survivallrates of 0%, 38% .and 49%.for bilaterally
ablated, unilaterally-ablated and'unablatedP. monodon, respectively,
were obtained after .196 days (Santiago, 1977) 5 1 Ablation-related
mortalify in" P. mbnodon was Abserved by Primavera et al. (1978),
Somboon Laoprasert and Pitak Polkhan (1984) but was not observed in
AQUACOP (1977a) and by Vincente, Valdez, and Valdez (1979) éited by

Primavera (1985).

Synchronization of ablation with the molt cycle has

been shown to be an important factor for the prediction of egg
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production (Browdy and Samocha, 1985a). Ablation during the postmolt
leads to mortality because of added stress on the female and excessive
loss of hemolymph (AQUACOP, 1977a cited by Primavera, 1988). Ideally,
ablation should be undertaken during the intermolt for maturation to
follow. Ablation during the premolt leads to molting with a
subsequently longer latency period of 2-4 weeks before maturation in

P. monodon (AQUACOP, 1979; Primaverd{éifal., 1979).

. o —
The latency period represents the interval between

ablation and maturgj&ﬁﬁ' ?'spa ‘ing and is affected by molt cycle,
stage, age and sougﬁéfffA;roodstock and other factors at the time of

ablation. Wild sub jP :mqnodan caught in mangroves took 40 days
to mature and 69 day awn afté ablatxon (Hillier, 1984) compared

to a minimum of only ays for w;ld adult from offshore (Primavera
and Borlongan, 1978; S!ﬁon, 1982 ;S}pllarly, wild P. monodon from

offshore Andaman Sea took only 4—5mﬂgys to spawn after ablation in

contrast to 20- ngdays for female from Bracléishwater Songkla Lake

(Niwes Ruangpanlt%;t al., 1985). AQUACOP (}983) and Poernomo and
Hamami (1983) repoff%d that Pond-reared P. moﬁ;aon took a minimum of 3

and 11 days respeéctively) to lspawi/ after/ablation.

The number of “spawns per*molt cycle “is larger from
ablated (6 spawn§) than ifi undblated (3 spawns )P, monodon (Beard and
Wickins, 1980; Emmerson, 1983 and Hillier, 1984). Consequently, the
interval between consecutive spawning is reduced to only 3 td 15 days
in ablated females (Beard and Wickins, 1980; Emmerson, 1983; Poernomo
and Hamami, 1983) compared to a minimum of 10 days up to 2.7 months in
the unablated controll and females in the wild (Emmerson, 1983;

Primavera, 1985).
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This rushing of physiological processes leaves almost
no time for adequate replenishment of nutrient stores and tissue
building and is in many cases responsible for poor spawns or aborted
spawns (Lawrence and Bray, 1985). Therefore, ablated females tend to
show a decline in fecundity, hatching rate and egg viability given the
greater number of spawns 1n a\r,/ cycle (Beard and Wickens,1980;

Primavera, 1988). \

Neveﬁg{o@' many cMhatcheries prefer to do
eyestalk ablation h/ re ulz‘tinghd";tability in spawns and

(Primavera, 1985)

Most-'penaexds have

Y

phase as postlarvae gnd Juvenlles. a deep water, offshore phase as

adults; follcﬁdwgf%% ﬂ%? ‘w Eﬂ ’}ﬂfg and the |inshore

migration of urvae and post]‘arvae. The offshore eUtence of the

e Gy e i) o) ) B v

factors &th influence maturation and reproduction (Primavera, 1985),

cﬁ including an estuarme

The most successful cases of captive reproduction have duplicated some

of these factors.
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a) Light.
The deeper offshore waters where adult penaeids
breed is characterized by reduced light intensity and a larger
penetration of blue and green light compared to other wavelengths

(Jerlov, 1970 cited by Primavera, 1985). Unablated P. monodon

attained only partial maturatl\n\’ﬁr blue and natural light but not

;//X, 1981). Green light at

reduced mtensﬂuesM w;}h - al . ablation induced

s,%r, 1984). Similarly,

under red light (Pudade

maturation in wild

Primavera (1988) repoi
terms of nauplii an

monodon compared to ot

n to 70 Wem 2 led to
faster maturation and and ablated P. monodon

(Emmerson, 1983; Hillier, - :-: Dar! may also reduce light

N
intensities in mat(ﬂ%w n tanks to s _:.'aza_- less and minimize

ﬂ%ﬁlfﬁ'%ﬂﬂ‘ﬁwmﬂﬁ

A salinity range of 28 to 32 ppt Ei required for
P, mon@lﬂﬂa’g}}aﬁ ﬂAﬁ%u 1354?1 q%thElzr], QQE) . Posadas
(1986) cited by Primavera (1988) showed that ablated P. m;nodon can
mature and spawn at 15, 25 and 32 ppt but require fuli .séawater

salinity for incubation and hatching of eggs.



23

c) Temperature.

P, monodon spawns at temperatures of 26-32 °C
.(Prinavera and Hamami, 1983; Primavera, 1985). Chwang et al. (1986)
suggested that optimum temperature for maturation, spawning and
incubation for P. monodon was about 23-30°C. Not only was the absolute
temperature important, but also tpe constancy of temperature.

Fluctuating temperatures were not coﬁnbg in offshore prawn spawning

grounds, and did not enhance repfgductive success in captivity.

a) ol 1

}Hé optimal pﬁ_required for warm water prawn

Ay -

hatchery is about 7.548.5 (Pinij Kungvankij et al., 1986) Ablated P.

indicus females reacheJ‘eahlyimatuiﬁthn then resorbed their ovaries

£y

ald 5l
when pH of recirculatedyWQFep_was a};gﬁed to decline from 8.2 to 7.2

il

in plastic-lined pools (Muthqtét al.?%ﬁb§4 cited by Primavera, 1985).
== o

(L

f
4.
-
|
o

[~
e) Dissolved Oxygen.

“Lawrence and Bray (1985) and (Pinij Kungvankij et

al.(1986) suggested (that, dissolved oxygenh'should)be maintained close

to saturation ‘to provide the best culture condition for P. monodon

broodstock'

f) Tanks.

Tank size, shape, roughness and depth.are all
important considerations. Small tanks can prevent both mating and
maturation (Poernomo and Hamami, 1983). Large tanks are better, but
if they are too large, it is difficult to attend to the prawn and to

maintain the tank without excessive disturbance. In general, tanks of
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no less than 4 m diameter, and 1 m water depth give the best mating

result with P. monodon (Niwes Ruangpanit et al., 1981).

The tank wall should preferably be smooth and
circular. This configuration, along with a circular water motion will
help to keep the prawn from colliding with the tank sides. The color

of the tank walls, color Qf‘\\l*' Z} and the presence of a sand

substrate are also 1mp6htggt in 1ng tanks. Tanks with a

white sand bottom gav ; su ”’“‘JQLJL black sand (Pudadera,
Primavera, and Bo 98 )f. HZ:E*Q;, Simon (1982) have

successfully obtai ' Lon 2 d—spawnlng’ip ablated P. monodon in

tanks with bare su

fi;ip
8) a:: - {_,;?;;r,:: :

‘be kept to a minimum

during the rearlng:jf prawn<pr 1i? maéera, 1983; Lawrence and

i
ﬂuEJ'WlEJWﬁWEﬂﬂ'ﬁ

Nutrltlon.

9 W’W Ry M%i% Gy 4 o ato

for broghstock prawn. It may affect not only prawn maturation and

Bray, 1985).

reproductive success, but also the survival of larvae during early
development in the hatchery. The biochemistry of broodstock‘nutrition
is not well understoéd, but it is known that food quality has a very
important influence on reproductive success. The amount and types of

protein, lipids and cholesterol all play an important role.
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a) Protein.

Ablated decapods procure additional energy to
sustain frequent molt, accelerated growth efficiency and larger egg
output (Pandian and Kumari, 1985 cited by Marian et al., 1986).
Marian } et al..' (-1986) reported that 'ablated prawn Macrobrachium
lamarri required higher dleta\)ly7em (40%) than non-ablated prawn

(36%). Most prepared de@B productlon experiments of

penaeids -are in excemx pothOP, 1979; Lawrence and
Bray, 1985; Mlllame)ﬂ((/. 98 ).,_ S \

-
.
entration in the crab,
L W
Parathelplusa hydrodr mpy,.g" apidly in late first

The destalked prawns P. japonicus are conceived to

meet the hpxﬁ uﬂq%%%ﬁsw Ely’qﬂﬂj transfer of body

lipid reverse,. particularly heé)atopancreatlc 11p1ds, the ovaries
ook QNENIATER 449 %&lﬂlﬁoﬁles (PO) o5
the maJotq lipid classes (Teshima et al., 1988a, b). Wild immature P.
monodon females showed an increase in ovarian lipid levels upon
reaching full maturity 5.8 to 17.0% and from 7.5 to 21.9% in ;xnablated
and ablated females, respectively (Millamena, Pudadgra, and Catacutan,

1985).
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c) Fatty Acids.

Ovarian lipids, especially neutral lipids, of
destalked prawns P. japonicus contain higher proportions of monoenes
such as 16:1 and 18:1 and 22:6 W 3 and lower proportion of 20:4 W 6
and 20:5 W 3 than those of non-destalked prawns (Teshima et al.,
1988a). Since P. japonicus is pable of synthesizing de novo W 3

M Z#/‘bon chains, the increase in
né‘éase in proportion of 20:5

proportion of 22:6 W 3 con_x}ta
> A—

fatty acids but capable 0{‘3

W 3 in the ovaria

o-:-'e.'s';'\!'!!;ed prawns suggest the

in ﬂh@ ody during the ovarian
.

conversion of 20:5

maturation and asstme . ‘ £ 22:6 W 3 in the elaboration of .
ovaries. A .
".
s"‘ ted that major ovarian
phosphatidylcholines acg ml*x}.je_i:‘tféd <_iuw he induced ovarian maturation
of P. japonicus are Plc_];l J}E}W 3My acids, possibly 18:3 W 3,

20:5 W3 and 22:6 gl{f}

rather thml&ﬂ_m&&ﬁbohtes, whereas the

major ovarian triglygorides consi ts metabolites rather

than W 3 - fatty acids as acyl groups.

F-9 v |
ﬂuﬂe’g’m&lMimggmﬁmn lipid in P.
monodon showed 12.14-24.87% and 11.81-21.50% total fatty acids 1n wild
mavtacl it duokisnhmi b ebobirsvoth | b B ok 20:s v 6,
20:5 W 3, and 22:6 W 3 fatty acids. Similar proportion of the same
polyunsaturated fatty acids (PUFA) were found in the eggs spawned,

indicating their importance in the reproductive process (Millamena et

al., 1985).
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Fatty acid profiles of early development stages,
eggs through protozoea, of laboratory matured P. stylirostris showed
tha.t' individual fatty acids appeared to be utilized at differential
rate throughout early life stages. Level of Cl4 at the early eggs, C18
at the egg—nauplius‘, C16 at the nauplius, and C20 : 4 at the protozoea,
stages, were inversely correlated!to hatch rate. Conversely, level of
C20:5 W 3 at the nauplius stage a;{dw;gzz 6 W 3 at the nauplius and

protozoea stages, were: pos1t1v_91y corF"'lated to hatch1ng rate in

spawns (Araujo and L;er,nee

‘rffe'rrus and P. monodon broodstock performance
.l i - 4 E : o

«198#).

Lhe_fatty acid pattern of the diet

44 |“
.

-Mc "}eyi et al., 1980; Millamena et al.,

appeared to be re
(Middleditch, Missler,
1985). Recently, My 1d,_ps1s bab;,a “fed with Marila (commercial

J‘Jl ﬁ-ﬁ
1th =¥ 3= Fm‘, got 8.8 times more juveniles

-----

maturation diet enrich
‘with good quality in terms ,of re,sys_{;a.nce to temperature shock and

starvation than th&se fed with other diets (Leger, Ferraz de Quairoz,

and Sorgeloos, 19'{9.) This confirms that tho content of W 3-highly
unsaturated long cﬁ'e)un fatty acids is one of “the factors determining

the quality of the @iet fér|maring érustidean broodstocks.

d) Cholesterol.

Cholesterol (synthesis( does'-not' occar in decapod
crustaceans, so prawns need lipids, cholesterol and its related
compounds to supply precursors for synthesis of yolky material which
is required for their ovarian maturation (Lawrence and Bray, 1985;
Khoo, 1988). Clark and Lawrence (1988a) stated that the minimum

cholesterol requirement of P. vannamei for good growth is 0.5%.
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e) Lecithin.
Lecithin is a questionable essential lipid in
prawn diets, especially because of its varying fatty acid composition.
Clark and Lawrence (1988b) suggested that lecithin requirement of P.

vannamei is between 2% and 8%.

3 w//

‘-.r

ofafre items have been used for

i Hﬁhﬁ‘hghsrustaceans (Penaeus,

Crangon, Mesopod (Sepia, Loligo and

mussel, oyster, coc ' arious fish; among these,
marine invertebrates wrence and Bray, 1985;
Primavera, 1988). Miss
profiles of various marine. 1_

AR f Byl Il
the unsaturated &&X acids Wm;rmds in most marine

unds are particularly

invertebrate espec al o h LJ
' I - - I
abundant but relati ely low concentrat1on of the C18 compounds are

observed, wheﬁauﬂﬂﬂﬁﬂﬁ‘w&ﬁﬁm

Lytle, Lytle and 0gle{1988) reported that several
food mﬂxﬁl’-] ﬁﬁdﬂ imu w llgembﬂoﬁtﬁsﬂn absolute
quant1t1es of PUFAs and may alter to bloodworms which provide
nutritional components in diets of captive P. vannamei that were
essential for maturation. He also found that bloodworm could be
stored at least one year at 4 .C with little degradation in fatty

acids.
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A composite diet of squids, polychaete wornms,
prawns and clams has been found to produce significantly higher level
of maturation and ovary size than any.single item (Chamberlain and
Lawrence, 1981). The food orgenisms for maturation should have ripe

gonads for ingestion by the broodstock (AQUACOP, unpubl. cited by

\\ //
Many “rese archer ﬁ;d, Wickins, and Arnstein,
1977; Santiago, 1977 1479 Mal., 1979; Primavera et
al., 1979; Beard amy Lawrm al., 1980; Chamberlain
']if’uii% d}ets useful as supplements to,

Khoo, 1988).

=)

and Lawrence, 198
rather than repla items. Bray and Lawrence
(1988) got the resu ( tissue 1¢ g chain fatty acid levels

id, bloodworms, shrimps,

:Z’xBTMI:'TaraE@ #re most similar to those of

———

wild matured female, andmgnlfim‘ lower in those fed with

in P. stylirostris f

and brine shrimp in a |

comblnatlon dietsyof 40% sguid and 60 prepared-dry feed.

Jowever,'ﬁi_'llna et alu, (1986) found that
reproductive rfo g = e%é i 0. in terms of total
number of sp@ﬂg ﬁ%ﬂﬂp i?{ﬂ:’lﬁ:,ﬁl average hatching
rate o iﬂjl\ﬁlgrles given
practi ﬁlﬁi&ﬁﬂﬁ:mm as 11 source, compared to those

given practical diet with soybean lecithin as lipid source and an

natural diets (squid and marine annelids).
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