Penaeus their haemolymph

concentration in the & 45 °/00). They behave
as a hypo-hyperosmorgglilatos&s / At salinitd /o0 and 40 °/o0, a
hypersaline conditig 3 P ace "77 moenoden. Present results
indicate that P. iy fluid concentration
either in high or lo# s i ,' s Water. | Thus, prawn offshore
¥ ogical demands such as
maturation rather than thei 1it /- of . psma ic regulatory. Indirect
effects of salinity __.__.___;;,B, osmotic shock and
V;—r““*— Y}

salinity stress whig oh ma f g factor when acting
together with one or ‘;avsra'l other strassfu! conditions (Gilles and

Pe’ queux, wsﬂwﬁ-q iﬁﬂ me ﬂ-i%’arg (1983a) noted

that while osmotic regulation ‘is 1mpnrtant, the sﬂact‘lva regulation
o son R B T TRIEHI AHR) i
1ntegr1ty can not be maintained in absence or excess of certain ions.
For example, calcium added to low salinity water which is normally
lethal to organism may enable that organism to survive.

There are strong possibilities of interactions between

salinity and molting effect on osmoregulation (Chu et a&l., 1988).
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Thus, studies made salinity effects generally avoided this possible
interactions by using only intermolt prawn. For Penaeus monodon,
haemolymph concentration would already be closed to intermolt value
within 1 day after molting, (Ferraris et &l., 1986). P. monodon
during molting or immediate postmeolt is less able to regulate

haemolymph concentration compared to intermolt prawn (Ferraris et al.,

agn c&ectaﬂ in two successive
CIGE of haemolymph constant

The second 1is to

1986, 1987)

Osmoregul
steps. The first is
regardless of the salij
maintain the intracellula i e extracellular fluid
(haemolymph). Both stg d f_ i \ ment at the cellular
level (Gilles and Pe'qugl @ present study the results
show that Penasus monodog could be chilsacterized as a highly efficient
osmoregulator because theéy < either in high or low

salinities. They cap re ate rapigly in hypersaline.

all|

Gilles _' e’ queux ) st that good osmoregulator

smaagulatiun. However,
osmoregulatio ﬂ %ﬂﬁ ogether (Gilles,
1979; Mantel @ﬁ ﬂgﬂﬁs, smtic and ionic
equili a ? ive uptake
prncas:iﬂ‘l. aqnﬁmuﬁt] Illzr)l ﬂahﬂity of

body surface (Lockwood, 1969; Potts and Parry, 1964; Robertson, 1960;

will rely on very Qﬂcinnt mech s of O

Muramoto, 1988; Ferraris et al., 1987).
The subadult Penseus monodon hyperregulate their
haemolymph concentration in diluted seawater, salinity below 28 o/oo

and hyporegulate in seawater at salinity higher than 28 ®/oo. Thus,
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the isosmotic point of subadult P. monodon during intermolt stage 1is
approximately 28 ©/oo or 789 + 40 mmol/kg (Figure 5). Similar result
was also observed by Ferraris et. al.(1987).

At isosmotic point the prawns has less physiological
stress than other conditions. Thus, the isosmotic point may be the

best condition for aguculturing. Huum[ar, the isosmotic point of

‘ﬂ Eha life history (Ferraris et

1.1 Effect Of-Fjestalk Ablation on Osmoregulation

organism also depends on t

al., 1986, 1987; Gilles and |

Not opdy £alinit . on osmoregulation of

.

Penaeus monodon but aifofeyestélk ‘ablat s the

results of the presént /Stuc ;lﬂdj 7 tq nity and eyestalk

ablation have an infer ﬁ" yoregulation. There is
significant differencé be !:Jv oh. concentration of ablated

T

prawn and un-ablated one '

I'J.-,xf"
that hrparsnhniﬂ and ¢ I

linity (45 °/00). It suggested

? superimpose onto

osmoregulation cQitrol mechani: fetory system and/or

. [y
ablation 1ndl%ﬂck‘m Wﬂﬁi wmﬁ’iﬁi::. ::::‘::1;
e AL

such as molting, metabolic rate and osmoregulation.
Tombes (1977) and Muramoto (1988) stated that when
eyestalk was removed, ability to adjust water balance and blood sugar

level were changed, since the concentration of the molt inhibiting

hormone (MIH) decreased after experimental extirpation to eyestalk.
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There is, however, stronger evident that osmoregulation is Tlinked to
specific hormone such as Na*-k* ATP-ase, MIH, GIH (Lerey, 1984). The
eyestalk neurosecretion hormone, MIH in haemolymph is reduced,
followed by an influx of water and dilution of the haemolymph

cnncantrat;nn. These conditions has been duplicated by the removal

U

material from SG is cofietiral control “(Beltz,

of the eyestalk or sinus gland. is result of the fact that the X-

organ-sinus-gland (SG) e&c¢ e eyestalk is the major
- Tha release of secretory

1988; Fingerman,

2. Hypersaline
n iptermolt stage, haemolymph
concentration is una‘lturaﬂ;}ggl;’_j_[? ver, this can suggest that
the longer the prau h held 1 3 condition the more
energy loss occurs smotic concentration.

Even in the ahsnm::a 'pf mortality, t.ha osmotic stress becomes some

chronic affacﬂ Wh’g WE}WEF] NI

Fer nris, et al. (}93?) shmrad that hmeh osmolality
svs1ord 4 R Bh AR Y i Gpeone o ¢
held in Gonstant salinity, suggesting high ability in regulating of
haemolymph concentration. Moreover, haemolymph osmolality change as
function of salinity, when molt stage is fixed (Gilles, 1979; Gilles
and P’equeux, 1983; Sastry, 1983). Ferraris et al. (1986) found that
the haemolymph osmolality of juvenile Penaeus monodon would already be

close to intermolt value within a day after molting. Thus, after 45
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days acclimation in the present work should be adequate for osmotic
adaptation of these prawns.

In laboratory condition, the prawns must not be affected
by other stress factors such as temperature, crowding, and handling.
Seawater is one of a source of variation. Salinity and ionic

composition may affect osmoregulation though this salinity variation

ngin ﬁ,mr which is altered by
‘ nc1n9 ionic regulation

and variation in osmat™ ] _ ation of idium and haemolymph

cannot be detected by salin

recirculated time ma

(Wilson, 1875). The ifitafide’of ‘caleium, at. salinity 30 /oo should
be less than at 4 7 ty ratio of 40 %/oo is

more different from‘hatéiral water thanithat of 30 °/co. The diluted

s ;:?mmwwmm“ g
e SR YDA

stage characterized by the completion of sexual maturity under optimum
condition (Motoh, 1981, 1885) are usually used in maturation

researches.
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1. Adult Prawn Maturation in Hypersalinity

Management of environmental conditions has been used
successfully to induce maturation of several species of penaeids
(Primavera, 1985; Chanberlain and Lawrence, 1981, Crocos and Kerr,

1986; Khoo, 1988). Salinity, one of the environmental factors that

'- aeus monodon, was studied in
| rsmmty (30 °/oo and 40

nt for unablated female

affect on maturation and spe

and a marine phase Wi ) j¢ \ n of subadult and adult
(Motoh, 1981, 1985: ) there 1s no difference

between subadult and us monodon spawning

rrole,
is presumed to take place mﬁﬁ 5 (outer littoral area) within

L )N ;
high saline water 333-3& % (» ] Pg'm, Hall and Capati,
1985).  Adiyodi (f886) sugg

WP o iy
54 f::?:mfﬁ (14 i Mg
o N T

time and ovarian index at salinity 30 °/oo and 40 °/oo under

penaeid prawns duri rapr

recirculating water system. That is, ovarian maturation increases with
acclimation duration.
Under the hypersaline condition adult prawn can develop

its reproductive organ as in open sea. The hypersalinity may affect
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on neural system that control reproductive mechanism and may initiate
the oogenesis. Primavera (1985) suggested that ovarian development
of Penaseus spp. may start in estuaries but the complete maturation and
spawning take place after returning to open sea. The physico-chemical
factors at offshore area may provide the stimuli for lowing of gonad
inhibiting hormone (GIH) levels, and the ovarian maturation is induced

by gonad stimulating hormone ( ' Oone of the important factors is
salinity, which 1ncr‘ea

// estuaries to more than 30

%/00 1n spawning gmund k1g’ ma\rem, 1978, 1985; Beard

and Wickins, 1980). / | \“\Tﬁ
The presént tes that at salinities 30 /00
n maturation rate of

and 40 °/oo there

unablated female ; | ‘ .‘*rimvam (1985) also
found that P. indicug’ in thnk ' ty 82 /oo and 42 °/oo has
no difference in matu - may be caused by high
captivity adaptation anc siigét ce of Penaeus spp. (Vernberg

and Vernberg, 1972: Motoh; - nns.Hall and Capati, 1985).

#tion is essential to
reproduction (Baﬂ.ﬁiﬁ:' 1985). Racek (1959)
found that Penaeus plebeius which prevented from migrating never
mature for tﬂuﬂ g miﬂ nﬁlw ‘ﬂ:ilﬂi the end of this
period, a h they have attained normal adult body size (Racek,
WL TS et YT
1985; Vernberg and Vernberg, 1972).

Although Penaeus monodon female are more difficult to
mature in captivity than those of other penaeid species (Kunvankij,
1985). Hypersalinity acclimation 1ike the present study showed the

possible induction on their maturation processes without ablation. We
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have now considerable evidences that ablation of captive reared prawns
result in reducing reproductive performance in term of lower
fecundity, egg viability, and hatch rate compared to unablated prawn
(Lumare, 1979; Emmerson, 1983; Crocos and Kerr, 1986).

Eventhough the biological requirement for maturation
remains poorly understood, utilization of environmental stimulation of
maturation may eliminate the %\#/ﬁa more traumatic ablation
techniques. /

The compariso dndﬂupmant of the

prawns in hypersaline. s spp. 1in natural

The conditdbn Anded orfatnes: independent on
hypersaline acclimatior » ' t of physiological and
morphological adaptatig r hypersalinity 1in
laboratory condition. t of energy budget of
aquatic animals it might bt:ﬁﬁdi ovarian development of
prawns would be bet .1,:,. P00 Lhain 40 ? oo due to a lower
energy allocation for  esmoregulation . 11:8] 30 %/oo0 for 1living

(Brafield and lel‘lyn.;tgz, ’e‘arnbnrg 1987)

bl by S . i

confirms that nvarﬂn index cansbe used as indicatorgfor ovarian
dovetopneye/ ot | ] Shavnidd ddsliokidnl bEorely Bha Tyrer
(1983a, 19&3h)

The influence of hypersalinity on ovarian dévaTupmnt and -
condition index of Penaeus monodon can be a benefit of using subadult
prawn having first maturity as the broodstock. If salinity can

accelerate 1ts maturation rate, hypersaline condition would be used



effectively to induce adult maturation.

2. Prawn Size, Hypersaline Acclimation and Eyestalk Ablation
Effect on Maturation of Subadult Penaeus monodon

This part is focused on ovarian development of two size
groups of subadult prawn (small size group rearing in laboratory and

large size subadult collected f‘r'

ansive farms) in hypersalinity
resant result confirms a

and the response to eyestal

positive effect of hypa@

un@qtm’ Motoh (1981) reported

The present study shows hati hypersaline acclimation, 30

prawn either in small or Iaf'sézﬂf ' Though the increase in

ovarian index is HG‘EI dml ac s;uge, the subadult
saline acclimation.

However, the ovarian ax of the sube iduit is 1£ in magnitude than

B ﬂff’mawwf o
- m PARID N H M 1

acclimated at 40 %/co. Moreover, 40 /oo may be supraoptimal salinity
for small size prawn which had been previously held at 20 /oo under
laboratory condition. The long-term exposure to dilute seawater in
captivity can cause physiological adaptation (Lockwood, 1976; Vernberg

and Vernberg, 1972). Osmoregulatory at high salinity may require high

70
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energy resource. Therefore, these prawns cannot allocate energy to
reproduction as much as the large subadult prawn. In addition, small
size subadult prawns have low condition index at the beginning
(control group) but the condition index is improved after acclimation
(Table 10). Thus, the low condition index may cause the delay of
maturation of Penaeus monodon broodstock.
Although subadult f be 1induced by using

hypersalinity, e.g. 30 ° /@9 better response under

ult prawn which has high

condition index is pref k when compared to

small size prawn. Th good physiological
condition of the large & :

Adiyodi 3 ,‘ ) _‘ n ra that eyestalk removal
produced precocious gona I h ¢
upon the interaction of . ;
and Wickins (1980) and San@ﬂ?’. Hl80, suggested that inhibiting
of ovarian -'a-.....,..-.. 2 Papasus

overcome by unﬂatmﬁ

resulted in ovarian indaox increment within one month of acclimation.

oI AN TN Tarrsecns o
A TR I T, e

result of worsening condition of prawn, not from a direct result of
eyestalk ablation (Browdy and Samocha, 1985).

The present study, mortality of ablated prawn at salinity
30 %00 and 40 °/oo in both size groups is higher than the normal

ones. It is possible that handling techniques and injuring raise the
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physiological stress and cause high mortality. Waterman (1960) and
Yano (1984) stated that mortality in the ablated prawn is caused by
damaging the optic nerve as well as ablation technigue used (Kelemec
and Smith, 1980). The whole eyestalk removal in this study can produce
an open wound and cause trauma with greater haemolymph loss than other
technique (Makinouchi and Primavera, 1987). Mortality of ablated prawn

V/ at 30 %/oo indicating that

tachniqua is another

at salinity 40 °/oo seems to be h'
osmoregulatory stress also 7
cause of stress.
Although s maturation rate,
ovarian development ofsPe uced by hypersaline

acclimation without ablatign sine e | stage. However,

et v G E’fﬁ‘mﬂ‘i’ﬂﬁ’lﬁﬁ’:ﬂ?ﬂ?i’i
CY . 913111920} VAT e

broodstock corresponds to about 40 to 80 grams.

Bray and Lawrence (1984) stated that the best exact
age for broodstock is not defined , but as a general rule the animals
should be at least the size of wild animals at their first maturity,

the onset of maturation. Eventhough the ovarian index of subadult
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prawns are not significantly increased (Table 11, P>0.05) after
hypersaline acclimation (compared with the control group (TRM=-12)),
cocytes in yolk vesicle and cortical vesicle are found. The mature
ova are found in the ovarian index of 1.59% . The most oocytes were
sti11 in primary vitellogenesis; early perinucleolar, late

perinucleolar; and early yolk daposﬂ. st.age. That is, hypersalinity

may be able to stimulate & aturation by short-term

acclimation. Tombes (19 pr1mary vitellogenesis
can occur continuously but development rate can
be accelerated by exte

salt s which may induced
by inhibiting the
id favoring the release
&and Hi111,1977; Khoo,
1988). However, the effetts of GIH on tHe primary vitellogenesis is

usually less on tha:facuﬂdﬁ’iffﬁﬁﬁ 8is.

are by environmental

Without eyestalk

manipulation, but Glm{s n_mmmiting the yolk

deposition in secondarys yitellogenesis, , Thus, the eyestalk ablation

s still nacaﬁiMS{E n#4ce) the satbidary| ghase of ovarian

development. Primavara (1978) and Santiago£1977) also indicated that
evestatk Bbikbto] GhFlubrces b abdadfi | gt tibn |15 acdererat ing
ovarian gr:wth resulting in increasing of ovarian index.

From the present experiments, hyparsaﬁna condition,
30 %00 and 40 /oo can accelerate the oogenesis during 30 days of
acclimation. In contrast, long-term acclimation (longer than 30 days)

may produce some severe effects on physiology of prawn, the ovarian
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index decreases and the prawns die especially in high salinity (40
©/00). Kinne (1967) and Vernberg and Vernberg (1972) suggested that
a short duration of salinity exposure produces an adaptative rasponse,
whereas a prolonged exposure to the same intensity results in death.
Hence, both time and quantity of the effector must be studied to
assess its environmental role.

prawn could reach the new

& ration of salinity. The

m&&bﬁntaﬂan for stress may

not support the reproductj oC Vernberg and ’#nrnharg, 1972).

After acclimat’

new equilibrium of f

penaeid raprnductiqw 1tain § %/oo to 35 /oo0.
_ ’ re detrimental to egg
< Inng—teru accit-lun. ﬂmng the TRM trial,

hypersaline acﬁq Er]mrt duration (30
m‘arinn urat

days) can i owever, the results of

e o P TS E T TR T B e

on maturation because of under laboratory condition the prawns are

stressed by several factors such as culture techniques, tagging and

size determination disturbance.
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3.2 Combination Effects between Hypersalinity

Manipulation and Eyestalk Ablation

One of the major advances in captive reproduction of
Penasus monodon occurs with the application of eyestalk ablation of
females in the mid-1970's (Tomhe

VI 77).  Although the process
induces rapid ovarian matu@ /) ss of the operation is
dependent upon the ph@ﬂyn

condition. The combin

and captive culture

dition and eyestalk

TRM-11 (eyestalk

ablation and sudden accli =51 7f-_ 40 "/oo for 30 days, then

transferred to salinity 30 5 ys acclimation) is a well
organized way for nvﬂ'ian l:l'wtfaflu‘ft - ?ﬁ!f, the short—term
acclimation at sal /40 “/oo eyestalk ablation is

highly efficient mthg

Wﬂ ’J%H‘%Wﬁ@ﬂ'iﬂd Payen (1988)

suggested that iﬁdar optimal cgndithn dacapnd crusta@ans such as
oo <9 Y YA £ Foed 1] L DAy e et
without ayasta'lk ablation. Unilateral eyestalk ablation accelerates
yolk deposition in oocytes in which secondary vitellogenesis due to a
removal X-organ and sinus gland complex which produce gonad inhibiting
hormone (GIH). However, eyestalk ablation has the long—term
disadvantage, other functions such as growth, metabolic rate, water

balance and heart rate (Beltz, 1988; Giese and Pearse, 1974; Highnam
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and Hil1l, 1977; Lockwood, 1968). Thus eyestalk ablation should be
used to induce for short-term period under optimal condition. The
results indicate that the optimal acclimation time for eyestalk
ablation in hypersaline condition are about 15 days.

. The TRM-11 is the most efficient method which found

lation and short-term acclimation

y e of oocyte development.
‘EEEE?&LF?ho may decrease osmotic

] co :::f—?..'hhnse prawns continuously

among these experiment. Eyes

at 40 %/oo can stimulate

Sudden transferring

ata, they indicate that

astalk ablation. It can
is not disturbed by the
climation and eyestalk ablation.

1 manipulation and

hormonal manipu]atiﬂL r on mnturnigbn process. It can be

g ;HWWW TRy
aﬂwammwwmaﬂ

The molting process and reproductive cycle in crustacean
including Penaeus monodon are closely related. Highnam and Hill
(1977) suggested that reproductive activity and molting are

antagonistic. Both processes require high energy supply and are
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controlled by neurohormonal system (Brafield and Llewellyn, 1982;
Cooke and suliivan, 1982; Vernberg, 1987). Ovarian development of
closed-thelycum penaeid prawns occurs in the intermolt stage of molt
cycle (Choy, 1987; Muramuto, 1988; Primavera, 1978, 1985; Tseng,
1987). Furthermore, the ovarian developing rate of Penaeus spp.

relate to molting interval and h nal change during molt cycle

éﬂm late molting and/or
- T ——

al condition at time

(Highnam and Hil1, 1977).

Although the eye
ovarian development of
of ablation are impo se of these prawns
between molting and Fep an :'-_ ; and Payen, 1988;
Webster, 1985). If 7 red after eyestalk
ablation, the hormon only reproductive

cycle.

Apparen 5,r—; tudy thare is no sexually

dimorphism 1n mu'lt‘lngj'lt
R )13 01 11141 € LI o P
similar rmia mﬁ aj mjljeﬂrﬂalﬁjg *‘n:;“;:

®°/oo and 40 °/o0) has no significant (P>0.05) influence on molting

€ naauamnadan. Thus, the

interval. The adult prawn has longer molting interval than subadult
because intermolt period lengthen with increase size and age (Hartnoll,
1982). This similar trend was found in Palaemonetes pugio (Cheng and
Chen, 1990)
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2. Molting of Eyestalk Ablated Prawn

Molting is stimulated in crustacea by one or more closely
related to steroid hormones, the ecdysteroids (Skinner, 1985; Chan,
Rankin and Keeley, 1985; Lockwood, 1969). Generally, eyestalk

ablation is a common method used to induce molting process in
W eyestalk ablated subadult
the et of molting in both

ny observed effects

decapods. In present experi

salinities, 30 °/oo and
The ablat
are due to the remov This assumption is

probably valid. ber that when these

stress (Tombes, 1970; Beltz, i _:,j' X Consequently, the
rod : ifthermore, Highnam
tDAIH may reside not
only in the sinus gland }SGJ but also 1 t.har neurosecretory cells in

RN “*'"ﬁ‘%ﬂf’ﬁh%ﬂ%‘i TR e pier sources may

inhibit some mechdnisms of molting of ablated prawn under these
rerne A RAANT ITU NNINETRE

As mentioned above, reproduction and molting is
antagonistic. There is both a molting-inhibiting hormone (MIH) and
ovary-inhibiting (inhibitory gonadrotropin) hormones produced by the
eyestalk, both being somewhat antagonistic to another (Adiyodi, 1985),
After ablation some prawns lead to accelerated gonad development

coincident with inhibiting somatic growth and retarding molting. Thus,
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the mean molting interval of overall are not different between ablated
prawn and control group.

Low 1ight intensity and constancy in rearing tank may
inhibit some physiological process and role on Y-organ releasing
molt inhibiting hormone. Thus, under these conditions molting interval

of ablated prawn did not differ r of-ablation prawn. Moreover,

ayestalk ablation 1in
subadult prawns may ot nown factors either
intrinsic or extrinsigefac tearing. Uik, (Webster, 1985).
Morphological and phy ‘ saused by damaged of appendages
from transportation, v :

result in delay of moltidg these Specimens either ablated prawn or

AULINENINYINT
AMIANTUUNIINYTAY
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