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'I'w 11(11,11 injectim>, a pmimer and a i,esver. .vre used to induc'e spawnin ingre'y mllet.'wilhlim itm,-(d '.arppittitar,v I ,m c ,1('I1t ), hulmm chorioi, goldot ropinl ( WG() and 
h1l1,in izilh l ,mt- i h!:,'c-ill',), 11 3arill . i, llt II-a ).ct'ih1 i:cd ;isa primier fir resolver,
w\ r, tt.,t ii spIv;!)t1;(ini alwlilpis. Anolher six lish re'cived saline injct'tiuns and served as 
'1;11 t'1ntrid>. 'h c(s, modlhe response, in terms ot'spawimg and 'trtlizathon rates, of.'each 
(., il11ollhilm \%\0.r,,viliuitt d. The (I'll 1,". I-;a tr ('a 1ttiaii (ilt:-;is tIl' !oliahlemaIl cost-effl ('ttve
lll.,t d.If(,(; ctnre t 'll)II in this treal enlt, bit lilt' 'lSt ishiiher and che resplo se poorer. 

\The, I11 1faI i ,'l Ilt call, howv er, Iei ed filrrescarch ipurp)ws.es. 

INlt 1)1 (1'I N 

Na11a1 .p s 'xtiI of -rey mufll et 0I1uil'4clhls) in (aill not yeting t I pIivity .iai 
Ibeen (teml.'Ylited. hrmonal intervention is presently the most effective 
met hod fr H(11ucivg final maturat ion and successful spawning. Hormones used 
tol induce spawir.g in mullet include fish Ilituilary homogenates from mullet, 
sIllmn and carp (Tlg, 196,11; 'tashouv et ad., 1969; Shiehadeh and Ellis, 1970;
 
shehideh ct al., Wi 8, steroids IKo aind Nash, 1975; Kio and Watanabe,
 
197's !.Il( 
 ( Kmuo i al., 1973 t, IA-l-l-a lee et al., 1987 ), a combination of' 
pit tit ary lMho1 h .-ioCente vwi iayn1in I iao, 1969; Shehadeh and Ellis, 1970), 
a 'oMtnint ion of carp hoiiitarv IAiRlH-ahonogenate and (L ee et al., 1987),11l ot hers ( see reviews by Nash and Sheldeh,1980; Kuo, 1982 . 

'he most relia tlemethod 11 ,,)awnimi mullet is an acute Lormonti1 therapy
eit hei carlp itit arv homogenat? (CP H) wit h human chorionic 

g()nadotr~tpiMn ( );H(mr CI-H with luteinizing, hormone-releasing hormone
analogue t IItRI I-a ). In bot th cases, C(l- is given as the priming dose. There 
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are al present nto data oi reversing the inject ion order. A. major drawback to 
tle Us- od' ( l-1 is inonsistency in its potenc', which makes cosage compari
sons among research groups futile. Kuo et al. (1 97;t ) spawned mullet awith 
hirmonql st rat eg iy l(I ( !1-((. One (fIthe dvantages of using H( is that 
le l)otency is st a nudlRized in internat ional units and results can he copanlredaillog rusers. T- ule cspwisrtivelyi.uie 

iliitIl uer.The (do':tge required I' indlucinlg miullet to spamv is relatively
hig.h, however. and lto expinsive to be economlically feasible for farming 

1,<g-i~(nucn 

pra('t ice.
 
In the present -1 tst u(lv. ('PI1, 1 W(; ;Ind II-a were Iestled in various coni-

Iilult i011.. The rate f saxiing success and ccst s related to f Y!.different hot-
IlloiaIl t ltera1 )ie'- ( ,mp red.were u 

M:VI'E I 1 SA ANNI)D I 1 ] ' .) 

MIlature telitales were selected from the Irotdstock holdinig facilities at the 
Oceanic Ilnstillte. Selectiion a d indt(led spawning trials took place in 1986 
and 1987 (fltrillg the natural ;pawning season in-awaii (end of' )ecember to 
mid-lar'hi. The broodstock.> %, Wheld ir out door, reciangular, rubber-lined 
p nls of' in ouldor, round, co.rele i:iks. The fish fed on naturally otcurting 
bent Iic grIwt II an(d were given stuppleIlental ]IIrina Tront ('how. Water terln
I)triture alnd salinity ranged in 27 ( '0(1 32',, toi :82 ( an8t through
)tll Ihe spa\Vlning stt; i.I 

T'1I criterion i',r selcCt oiof females for the experinctls was possession of 
tel'l itry yolk gl lle sage eggs that average(d 6()(t(in tor larger. Attainment of 
this egg dialet er has ben established by Kuo el al. (197:1) and Shehadeh etal. ( 1978. its bein necess:trv" for successful indtict ion of'spawning. The chosen 

'nlehs wei'e, placld in a 17t-liter spawning lank and given one of tdle seven 
hoi'mtne Ireat ietit s st utied ('Fable 1). Each t reat ment conisted o lpriming
atn(l ic ;olving injections. Tle seven t reatllents tesled were saline injectiont ,sed , Is sII;I co IIIrol. I Ili( I 1, 1,1 1 -1-,1/ 1,HI- 1-1-1, C1) -1 /1, HRH -a, 

111l-a/('1'ft, [H('( ',/'LI-lH-aand LI[I-a/lI(N'(. In most cases these ex
fleri llillts were run ill parnllel to avoid seasonal diterences in response. 

(P11I was puirchased from Argent Chemical Iaboratory. Washington, U.S.A., 
H(, (' ln Sigma ('herical ('olmpny, Missouri, fromm I.I.S.A. and LHI-I-a 
Oriental i(-'ienlific Inst ruinent lmIprt and .qport ('orpor, tioi Shanghai, 
'hil. 'l'he f tofll l -i -a ,ised in these experinvints was II)-Ala', Po' 

NII10 I IlTl1. 
I)osages or' ( 1'1.It'( and LIHlI-t a used in the present sludy'were Iased 

til esuts oof' previou; ini'estig-itions (Khim et ti., 1973: Shehadeth et Ai., 1973; 
lee et al., 1987) ('l'able I ). Ie priming, and resolvin,, injections were given 
2.1 h uptrt, between (8.0()and I().() h Af!er each female was qiven the resolv
ing inject ion, twio (i tree iales were introduced into the sp mux'ing tank with 
her. Aflter spiwning, was achieved, fertilization rates were checked, spawned 



eggs were collete(1 and incubated in IMOlU-liter, opeln-s'sterI, inctulmors. For 
each spawn, the time Iof'spawziing". the total llulnlers of eggs, egg diameters, 
'etilizat ion te. ar1d ralt, were recr(d. lhi,.pawning late wa cal-]1hatchigt 
(uhttd at ts e inultice(d to saIVnl with theirI) ,ecentuagv4 fimlul.es vhilh "vWee 
re.i ,I('t i\ thh raI it >,. 
The lio ll'ti o l cost was estimated inl o-der to) compare the efficieticy of' 

(ilTier" +nt hor(iioe hta1 i(c, istiat liorittie cost ofI' prt)toliing"nlu Iletc The (t WlI 
larvae \, ha,sed(o price odffiortoes results ofl' induced slawiiig attemlplfts 
ath([ Ie f)lh iun8 assill tl iolns. I het'e w,'s m) difTernce ill inaturatioial 
c'ulit ioll (d males ulniltig the t reat Inentst. Tihe fertiliztt ioln rate is lase(dl ,ly 
on ti1,,tilit ill()!t I l'eti'iles. Secl( ld, the, average fcci(litv I 'aI I-klg i'civale 
is I ()<t()1) 'hird. rate is.54'". Fotirth. the costTLa. tle hatch for stI)p,'t
f'icilit its iiiil !lalm- are 11141()IIL ts. 'l'hese not t'allii. IctltIillt tti''a .)sts were 

ciilated,. uhtlt 1hthIe ( ilillt ihe ii )li'(dil tIhe ciltulatio n ()Itlie 
 t44111l pro

uItctio4 c',)st.1 4'lle. thit le pe10,ft 0 +liiedtost (0f l rl'iral !arvn, p'-r, . t)()() 

I4t (..: l44ii'tlI~tlt]))ttt)() 

'-,)i\,''lL ruitt,, er'ic, 'itilizat illil14111(1~\. a ( ratex hiatching rate 

"'h fiteltil 11t +luninr (fI*feillied eggs fil, ,IW 'eml was calculated l)yv 
iiiltipl,'iig tlie ftcindit\ ,,s)awnin,, and I'letilizatior rates of a I)artictlar 
heraly. 'ht 1nth ,i1 itled larvae is the lrmltlict )I'ftlel)tntial numler1fd 

d l(ffrt lii.el I eg s;M1i thE, h;ct h rite.
 

Nonet1 (& the i illet givent tmu,4saline in,iec tins spawnred (Tahle I ).The 
Sipawning suilce(. rtt,"wit I ieet l)thei thlera)ies, however, ranged From 7,5 tot 
IOW ". The m) vthrapyI lfl whic 4li(l Ilt re',lt itn spawing when the two-injectilli lit'Itl<l was;used{( was ILI l+ll <l-a/l( '(;. '.'',l'wt t!(ut'< firetmles given th is'. 

ielit (lid sll. how,,,vever, when ani 'Illitioliial itijectioll I' '.,lllsl-- was 
idillinijst rr. tIhsetw hld receivedl the higher dosage IIlf l( 'f[matle. (It) (0t) 
It'I)'m. their secm ld injectiol . 
The ('I'll I/I JI HI I-a t herapy yie(ded signilianly hig-her flrlilizat ion rates 

than all the her I rtmtleints (]'. I ).All ()t1).()I, 1-test, Tahle her therapies 
Ihihilted i, I'ue ti fert ilizalt raltOat iols inl :111 (, 011(1 (lill 11t iliffer significatly 
'rlml eal( (1 )Ihel ( /1 ().1()). 

Thle i te~11htele Ile se(1id( iiiject Ill an11Wle tinnI of'*spawi)Milg, was 
.1111ticealy Illlgur',\ e lld 1-a/t11 NII- therapy \vllS All (t]lerI I used. 
141 lielts result III in I relat i'elv (lisistelt teim interval. 
The (st (fl, the imaumlns tsed(t) inidiu(ce mullet tomsl),ln is lresentc.d. in 

Tahle 1. hlheprice rales reflect differences between suppliers. In general, the 
use III ('( ;exerts the great est in luet,e 11n the cost (f'ft, the lirnniines which 
are ti ,+to in(uceillliliet t(:.pawn. 
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TABLE I 

Dosages and cost of hormones for induced spawning of nmillet using different. strategies 

Hormone treatment Dosage Cost (US$) Spawning Fertilization Time of 
rate ('7 ) rate (%) spawning 

after 2nd 
inject ion' 
Sh:min) 

Saline 0 (6) 

(1'H/(PH 2) mg/,0 lag 8.40 75 (8) ,19.7± 17.8 12:18 

23.6- 7:1.0 10:00  15:20 
('Pi ifl-a 20 mg/200 jig 3.81 -6.95 90 (20) 86.9 ± 9.0 12:12 

66.))- I001 11:36  17:30 
Il{tfI-a/('tl - 200 uig/20 mg :/.81-6.95 10) (5) ,19.9 129.9 11:12 

7.0-87.0 10:00  12:33 
IM IlIIt-a1,1-II -a ,1100*i g 2.02- 8.30 87.5 (8) -16.8 4 ,11.1 17:26 

0-97.9 11:48-2 1:00 

H('t /,III I-a 5000 llJ/OO2tig 7.56-- 10.70 1)00 (5) 53.6 it1..8 14:2A 
0-97.2 11:28- 17:55 

10 00 l /200i g 141.11 - 17.25 8:).3(6) 65.8__ 19.1 12:50 

.10.1 97.0 11:00 - 14,:40 
ll(l-l/H(V' 200 ug/511 It 7-1;- -170 0 (1) - -

ltIHH-a/ I2('( 21/1W000 It 1 1..11- 11.25 0(2)' -

'Nt ihei of tilh t.stcd. 
"Fish slpawned after addii hnial 11110It-a injection. 
,Values in se(ond row are rat.' 

TABLE 2 

Estimated production cost of mullet larvae in the hatchery 

''reat mnt Fertilized Number Hormone cost 
eggs (if per 100 000 

hatched larvae l)roduce-i 
larvae (US$) 

CPH/CPH 3,72 751) 186 375 4.51 
CPH/LHRH-a 782 3710 391 185 0.97-1.78 
I.I-IH-a/CPIH 499 00(1 2,19 500 1.53-2.79 
LHRH-a/LHIH-a 19 51)0 20,1 751) 0.99-4l.05 
5(100 IL HCG/LHRH-a 536 000 268 000 2.82-3.98 
10000 IU HCG/LHRH-a 548 114 274 057 5.16-6.29 
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lahle 2 comll)ares the cost of producing mullet larvae lased solely on tie 
price of the hormones used. The resuhs indicate that (1/-I/IH -a was the 
most cost-effective method and HC(;/HRH-a (using 10 000)IU HC(U) was 
the least co1st-effec ive met hod for producing larvae. IProduc ion using LH RH
aiI I RH-a varieo Ity upto -t()(F; I-RH-a availdepending on the unit price of 

able from different sources.
 

DISCU1SSION 

At the Pre.-ent time mullet will not spawn in captivity without hormonal 
interventiom. Kium et al. (1973 ) concluded Atanullet will spawn within 2.1 h 
after a priming inject ion of' t-) t('(./g body weight and a resolving injec-I1 of 
tion ( , it I' of H-V(;/g. l'his method is hotl simple and convenient. The cost 
tospawn a 1-kg fish using his meth(d, hIowever, is U'S,$87.6() using the least 
expensive 1IC( available. In adlit ion. this gonad') Iropiin requires storage at 
lmw tellltrattres M use in the field Re( ( ) which makes more difficult. 

searchers at the ()ceanic Inst it ile recent ly rel)ace<d tihe priming dose of' FIC(
 
wit I ( 'I'II. The fish was induced t(spawn using It) Ig ('i)l- and -1) (((t) 
 ItI 
I ('(;. The '(cost was still prohibit ive al I'S$,57.2(t for a 1-kg fish. Although this 
met h(l 5ire!ihh,, it is Im exJpensive nil was not considlered in this study. The 
(115 per fish cm.in 1)T CllI and 0)ing ofhe reduced t, 'SK. by injecting 50 mg (In 

a st I')i( sci('h as (heov)'t'i'osteroite ()O(C ) tlKuo, 1982 ).The application of 
steroi(l hrmoll()ll(,s to spawning, however, requires fuirther st(dly b)ecause tile 
I)(('solution is difficult to prepare and results are still inconsistent. For these 
reasms, this nut hod wais also not consilered in this stidy. 
The Iprices of1 It ( and l 110-1-a varv by comipanv and alsoI when the hor-

Inone is p rct t.sed illbulk. Based (onthe sources we ised in this st idy, IHRH
;I/l IRI I-a and ('11 1-l/II-IRI l-a are tile least expensive andl l('( ;/IHRH-a is 
lhe mlost exlensive of the hormone treatments we tes!ed. Tlhe cost for either 
I.IRlI-al.l IRII-a or ('1llIHlII-a is less than 1.5"i , ,)f' of CI'H/the co.;t 
I W'(" Iral merit. 
The induced spawninrig met hod which uses a single inject ion of I,HRH-a has 

been u sed o spawnit a numher (f car) sl)eciks in China. h has not been well 
reccitl(I, however, hecmise results are incoosistent and spawning time is un
lpredictahle ( ]et er (1 al., 1988) . Simllilar kinds o/results were obtained with the 
aplplicat ion (4f'l1.1 IAIII -a alone for hot lh he priming and resolving injections in 
inlucing inuilet to Spaw;. Onh mviioderate spawning success and fertilization 
rates were achieved using this form (f therapy (present study and Lee et al., 
1987 ).A draiiili ic improvement resulted by replacing LHRH-a with CPH as 
the Ipriming injection. It a siuilar study the CPH/IHRH-a injection strategy 
was also fliund to provide good and consistent results in mullet (Lee et al., 
1987). 

When the CPIH/LHRI-I-a hormone strategy was reversed, ix'., IHRH-a/ 
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C IPH. S)awning was i IIuced, hut a sat isfact ory fert ilization rate (greater than 
8(0" ) was iii t consistently achieved.A gt)nadtr( inpreparati(on is hVy)othe
sized as heing re(yuired as a prirning inje(t ion to st inulnt e oocvte devehlment 
frim the tert inry yolk ghlule st agn Itohe sub-perieral germinal vesicle st age 
(Kuo) I18 2 \l dicat io)of g)nait rojlin-releaingilLrnilne (( ;nI IH)alone 
might nut st imula!e sufficient ed()genous (tLi secretium for (oyte develop
mew.ThIirefore. the spawning and fleitilizatiom rates achieved with IFI-H-
a/(lP-I and llI-i/lHlI-a were niot high. 

:\hiitugh t I shws tbe oust promlise, it has shortconmings. I ;like IAlMH
a. the pireparatioin () ('HI-I relies o liohgical r'esoures and its quality is not
 
C(1)i.iSt('li atilno. (11Iferent sIuIrceS. II addition. (T'P11 somet imes pr)d"'ces le
::i,,ns at tiht illitict iki) site in thet i let. causin gi iortalitv (uinl)tuili-hed da a).
 
I,,m)ud~er t') i ilit ate+ti'ulnlarisi)m amn~lig rese.,cac groups, ('P11t shld le re
placed \wit ;I >lll;(Lrdied gi)nadl)it lr'~lration.epa It ('(' as arli was, selected 

rephllcellnut 1()r(I'I as iaswirce (4 gl(nat t.- lpii. The results sl]vwe,,d that
 
tI iiig ('Illr s-)(0) )(I. 1t10()()I If('t( to repI ce :!()Ing ('I11 poluce athigher
 
rat' , tllwinunc>'s. ''he *73))It'II ,( tIctIlieit t sh'vd a w~ide range (If
vx .

fe'ililit iiil,'- with tierat'ilpa(1( w N)I It ((; treatmnient group. An
 
ijicrei:se il ,stuf I I( ;bay have p elI
tluhi, ter fertilization rate. A lriiing 

C ('t riupv hy Kuio()1*,)fl(7()It' If(I(, for O; thI( was recomnnded 
19S2 'Ibis maiia , ' the ost appr(riate (l)se fort lie( I It '( /I.l11-a Imethod 

if ((st !)()Iit a rmns-id rat ion. The ().st )fIt)())() It' of Il( '(1, however, is more 
ian lot'r tiiii., lhe c(,st ,f'2() ing ('1111. ''here'fre. (00sges greater than I0()()( 

it ' wt le tested ill this stIt(I .1(,(; l1(1t 


Ill tlhi tuirretnt stily,. (T'II was shlil 
 to)be :bheietr s;im-niwi gageiit thanhed((,.s 1-e. _'(.11 (Ia Itcst F"mitain(.e 197(;G) olsoi illel(d that t'ru1hdpituitary 
(eX l'i't was' 1 lilt ltilt that lil il'ici (,I II lo)' indiiciiig. s iniling. H(owever,
 
It()
O) I t 1(;(, is st ilIrecoiliii'd as a r'pla'elment f(or ('II ias a priming 

l'st',lr'ch l)pjii')(1)sI' re11' s lh'cause Il( '( catl ihe staniardized. '[lie reciprocal 
therapi,, l.IRII -a I'(,. did not indlce the mullet tI,spawn. The lI-("d()sc
use'd in l,IlI I-a 11('(; may he toll) Imv' to)induce Spawning. In I le standard 
It('( 'IW(; hll l'I,')tl res(lving inject ion is hetween :-M : (. 1ndst l'atcgy. tIhe 

I) (()1)It 'kg.The slia'ting silc(,'s l,t he IIlII I-a/lI( '(; may improve with
 
In inc'ease inl the d(,isage ,f It('( . Trials will lie c(ondu'te(d to verify this 
hvl t hlie-,ies. 
The Cliilliariso)ns in ''al)e '2are binsed oin several asstllipt ions. One of' Ihese 

is tIhal Iell ilizat ion raltes depend onlv (ol tihe female. It is un(Ierst oud t hat fer
tilizion rates alsol d(lelnd ()intilt, cond ition of males. ''he state of' maturity 
fur all nmh, wnsassesseul irio)r tiuse ini spawling trials and oilyrunning ripe 
individutals werelused. In aiddition, a 8:1 male toIfetnale sex ratio w.:us used in 
all of our spawning tal;st)iopt ilize fertilizat ion rates. Ot heriaissumlnptionls on 
fecntndity and hatch rate rely oi a lire.'it)is invest igati(n (Nash and Sheldeh, 
I9t) . The aunt ho's believe thbat t hese are reasonable assumnt)ions and that 
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results perta, , ig tolthe cost elT:+'iency of the various hornonal regimes test ed 
are vaid. 

In conclusion, the ('IH/IAll -1t-a treatmerit was the het anmng those tested 
in ternis of' cost and effectiveness. (PH. in the (U'PH ,/IA.-tRI-a strategy, (an 
bk- replaced b a "gonadotropinpreparation such as IR(I( ;. The 1IC(;,/IHR-I-a 
treatmen~t was expensiv anil resLlts were inferir t I the 'It I/IAIR-I-a treat
ient. It is a (lesihed tre tlnnt however. t n) a rismin among research groups 
because (osag s of Ii( ; and 1,IfI I-a ca. he qtiantified. 

A N(',;No tt, ;t )( .Nlt,'N' ' 
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