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Abstract 

'roigreisi i'Olipagation (it fmli.fih hia beci iniplwded by the shortage of mnature hroodstock. 
This sludy %as a first slep toomard re caling the Lill iu'ronmcntal cues for ith-mn..mration ofimilklish. 
Experimnts %%er carrid ott during 1978-19F5 in an i.,door tank (5.2 ', 4.8 , 1.3 m) under 
phltoperi,)d 'ntrol and in at, ouldoor fail: (0.1 - 1.3 in). ';I ti o controlled. long-plotoperiod, 5.4 
reginte U.'periments, 86 and 83o of the lish 11at1d, Ill., highest perceltages yet reported. in thcse 
expeJiiterds. milklish matured one intmil: carlier tha' Ahe normal spai :ng siason, two miontilhs 
after the lish tecre exposed ito the long da .igthl regime. (iili 2l'o of the lish under a natural 

plhotoperimtl r gine in the mitiloor tank natured. Resiults of i + current stnd suggest that a clange 
and increase in ihoiolprimd are acessarN Ic r the m,el ifillnimmlion. 

The ii ortai1-c of miikfish ((tbIIW., 
chauo.s Forsskal) as a food or h;.it fIsh has 
been reporicd b\ Kio ti al. (I1979): Liao et 
al. (1970): A;(d .LMario CI al. (1984). D)cmand 
f'or milk lsh lv has moliaoItC researcuh on 
artificial propagaiion, holwicr, progress on 
spaw\ninm . and rto plgatolln of ,nilklLsh has 
1neeln Consi n'.I h\ ilie lak of' mt;iur' 
broodsltock (Kelley and I cc 1986). ThL es-
tablishmcni l ofda captivc hroodstock \\Mlld 
provie a rael ahle so l. (ifmlatule individ-
tialS iorproc et'ion o'liaieclr\ - rearcd milk-
fislh fry. 

Environme'ntal Cues \which iiiggcr the 
m.atiurati 1of fish are :)f".Cn absClit lrom 

achie',,C sexual 11itl.urL,' aIC usttl!), larg-r 
iham " kg inl body \cight and 5+ yeats old 
(l.ia 1971: Liao and (ihen 1979). 13ecausCe 
of iheir sie. a larger holding facility is re
q'iLM-d to ZICC'nom odate the fish and to avoid 
ihe stress of overctrowding. ConiuCti ng en1
\ironnient-relaled expcrincnis reCuireLs a 
mo1te1- I excomplex )r'iLCsqiiently, 
perinlents i ll. ,hsareas ha\c not bet.r con
du'lied. 

In this stud. \\ e xamninee the eflcts of 
pholoperiod al1L and in conjuncition with 

iniziong 13arIm (li-t'leaSilngho1r11n1le 
(LI-ItRf-) implants on the n-aturatioi of 
millfish prior io and during the noinial 

holding fhCilit cs. Va otiS en' iro enIlliCntalbrCCCiig season. 
stiiuli inilCIC activity in th,' hvpotha

lailic-p a xs con.so.lt~r,,go m~ lind 

cluernIlv control the secretion of reprodutc-
tire hornmnes in teleosc, ((rim 1982). 
Thei eit'e. cnm ironiental man ipua lion and 
exogenouS horonietl tCeallelill ti have loilg 
been used t . iciliictematiuration ininy 
fish species. 

Th'2 relation of elivironicnal I'actors to 
fish rproductLion vallies Imong sp:cie.s and 
has recently been reviewed by Lam (1983) 
atid Sliav (1984). Environmental Cues 
which initiate milkfish maturaltion have not 
been defined (Lee ,.985. iilkfish that 

xMaterials and Nethods 

JTwo separate experii tts were Coniduct-
Cd in Which adult milkfish were exposed to 
a specilie photoperiod regime. Experilent 
I utilized a single, pholoperiod-controlled 
holding facility. Experiment I1 was con
ducted in ihe same holding flacility, but a 
control OuIdoo-0r tank. exposed to ambient 
light levels, was added. The photoperiod 
control portions of this study were carried 
out in an indoor rectangular concrete tank, 
5.2 x 4.8 x 1.3 I33deep. Two channels, 
4.8 x 0.8 x 0.6 in deco. were built into 
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each side of the tank btom to icillitate 
capture and handling of lish. FoLIr sts; of'2 
In long, double-!ined I uorescent lights were 
hung 1.1 I i abN c the surlace or the water 
Light intensitV at the water surt'.ae ranged 
from 4.2 . H)" to 1.05 :.I( " qtUa;.ntasCC 
Cm. The ligh t regime \was conlirolled bh all 
automatic timer. Ihrougholt all exl)cri-
imlents. eater 1mperatUre a1nd salitnil 
ranged betcci 25-27 ( and 3)--36 ppt. 
respecti\,e, 

In EperimnCt I. 12 three- ear-old fish 
(fork lengths 55-7) cm) " ere olbained From 
local I lwaiiain ish p,.mds ;and stockcd into 
the tank in 1)78. The prinmlr\ diet was Ral-
stun Puirina ('lfish (ho\. lhiotopCriod \waiis 
CoStant atI 1:01) until \ugtis o1IS 1 Ii 

,IS tICn adJustCdIo1 f.1_:181) In three 
niliis. Ill\ d b, 121:1 21 ) or anotihelr 
tlhree lonths,and final -l(l)J) uniil Sep-
tcilllcr of 1982. 

The eontrollec) pihooperiod portion of 
lxperilenl II re Cealcd lhe sa.me photope-
riod 'egi,e as in lxtp, in eni I. The pho-
loperiod \as set to !t;1,:141) iil AigutS. 
1'984. was adjusted to 121.: 21) in No\cm-
bcr. and \was Iinml I' l_,cd to 181.:61) on 
28 I:Cbrl.lar 1985. l le I I fish (0 7-83 cm 
in lork IClngt i)were I'd Pluri na Iroutt ('1h0w 
-6 CXclnsi\Cly. (0ni lerusar\ 28. i Ve of'thc 
elenifsh " ere implanted inuraniuscularl; 
with a horlllone cholesterol iellet Clltain-

Ten ofthe fourteen fish were implanted with 
the same LHRi-a cholesterol pellets de
scribed abo 'e.The Iour renlaining fish were 
implanted with placebos. 

Milklish mat uralionu was assessed each 
\ear during the normal spawning season in 
Ilawaii. i.e.. A ine through Algust (KuIo and 
Nash I 97Q). e''.ale a;.turiational sta.ge was 
assessed b\ inserting a cannula through the 
urgnial tpore tIoSaile gametes as de
scribed 1w Shehadeh et al. (1973). Males 
\were on sidered latue it' presS-.ire on the 
abdoncil resulted ii mill being e:xpelled 
frti-, the gonadopore. F'ema.lles with oocyles 
larger than 7)(t Am in diameter were re
io\ed to ain outdoor 10,()()(t L tank f1r in
ducC spawnving trials. I lorniones used to 
indue Splawning illl xperimenl I included 
acelone-dried salmon pit uitary honogenate 
(SIt 1),aCetOne-dried Carp pituitary honmog-
Calte (( lI ). and hum1111all ChorioniC gonad
olropin (1-It'*G). lormone dosages \\ere 
based on data develop,,,] by Kino et al. 
(I1)7L)).1.11RH-a(250_300) g'tish)wasused 
1t inuduce spa\'n ini of' lish in Experiment 
II. 

Results 
-.perim tI- Co nllP//ed Pholoperiod 

None of the sevel fish remaiaing in the 
pliotopeiiod 1iom in August 1981 had Ilia

inn' 2(00) pe of des-.lI ()-A.lail)-reIR! It'md. but six ofrlhe seven iatured in 
-th laln ide (Sigilla tchemi eal Conipanv). 

Pellet prenartion and inl!antation tech-
lilues \\Cre descrihcd b\ Lee et ;il. (1985). 
Each Fish recci\cd oine cholc;tcrol [llet 
ever nilontl !'riiIlirc'h throighUioC. The 
other Ikh rCCei\ c'd io hormone treatilils. 

Lourtec'ei Fish in the ailbieni lpholooliod 

portion of Experip men1t ranged betweel 6 
and N2 cm in Ai)rk length and recci\ed the 
Satie diet as those in the incoor tank witi 
the exception of algae \hiCh grew in the 
outdooi tank. lhtank ieasured o.3 x 
.5.9 x A i.i aid was covered h' a trlanlS-
Ilucei fiberglass roof12.5 iII ahove the iank. 
Water temltperiature and salinLv ranged be-
tween 2S'-28 C' and 35-39 ppt. s'spectively. 

May 
1962. This cOnst lues an 86% success rtc 
in nIaurnation inldlCtiin. The sex of' the i'e
inlaining fish Could not be determnlined. Of' 
the iii'atirc fish, four were 1iemale and two 
\xere male. Table I liss the average egg di
aine tel's :or in this experinature f'enaileS 
iieit fhat \\'ere used il induned spasnine 
trials. The Im.o mii r males were not dis-
co\CrCd utVlil .June 14. 

The first tVAImatU ie Ik'nlales \vere found 
on May'21.moved immnediately to an out
door tank aind injected with H'ICG and lish 
pitlItary (Tablc I). Nineteen hours later. 
]iydrated eggs were released by one of' the 
fish. Eggs were stripped from both fenales 
22 hours after the first injection. and were 
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with 4 months at 101141), 3 month at 121-.'121) a1d 1-5 M01111IN a I.:6D.
 

TAI . S 'Mlnlff' hornMa' dosageand it'ti, r zc' to.1funr 1pilkli.h held under a phw!operiodregime' 

nital 	 Ilours 
egl, lied afier
 

tish Jiam. weight Ijection c;,nnu
no. (I) (kg) dose lation Re malrks
 

, It!. IIc( i 
5) mg Sill1 500 g .I-RII IX ing. 

I S58 6.8 	 ))0mg SIll I 100 I I. llydration ol eggs was proceed

2. 	No firtilization was achieved 
due to a ack oil,males. 

2 	 840 7.3 100 Ing ('P1 Il0.0))0) I. . I I('G 1.5 I. Eggs were found ill the water 
50 Ing (' 11 20.000 I. I C6 18.5 ,) ho9rs fLter 1st iljection. 

2. 	The eggs were stripped at 22 
hot' rs after Ist injection. 

3. 	No fcrtiliiation was achic, ed 
due to a lack of,mates. 

3 	 940 9.1 110 mg ('I l 10.00) I. . llR(1 3 I. Seven hours after 1st injection 
5)011g P .1. 21 of eggs was con( 2I1,000 I1(1, 	 I.dration 

4 920 8.2 I00 tg SPI i , 10).0)) 1. 
50 Ing SPIl 1 21) 0)) 1.1 

;'SA1111l pltIiUHr\ h0I~ Il IZlCe. 

Ii 111111a11 ll rl-lllik- gll llo pill. 

SLuli ,,iing rcleas.c hllro"1 lc,.
Calrp pil/tau i la\ llol ,tenalee. 

ir tili ed will the sperm of .111;/dc''-/)lbt.. 
as there w,'ete no availahlc male milkfish. 
Faise l'trllii'ation was olscrvcd. 

I hrcc weeks later. another \I\o I'males 
v ith eCgg diamelters of92() :tid 9-( A11msCrce 
injected v ill hormones (lable I) even 
though the eggs wete partllal attelic. ()ne 
of thc c 1ish did lc/I ll further atd.ot e 
althoug:,h hatldstrippig \\,'Is ;llttilcd. t0 

eggs vCtC obtained. lic tlher IlP.h was 
stripped appromi).titcl 21)I hours afth Iie 
lIrsl ihjcCiot. I he eggs W're lctlili/Cd \\ :1h 
milt froi lneOl (lie 1tnics. An c-sliniatcd 
79,20)) eggs %crcohlained rotii this fniale 
and aboult I i wetre' Ilrtililed. Aln estimaleCd 
70% of the Ilri lie/Cd Cggs halichdCd. Ia, iv 
Ii'rae had dl'inrtLd CrtCbrac andd (lied be-

fbre the absorption ofl the \olk saC was Cn1-

plele, 

flrlilled. 
2. No eggs were obtained from [lie 

stripping at the 25th hour after 
injeclion. 

I I(' 3 I. Fish IclCased some eggs spol
II('(i 21 taneousl aflter 18 hours ol st 

inijection. Stripping was fbl
lowed 3 hours later. Eggs were 
le.rtili/ed. 

l/)'xlpriJ7 ent111-C'onoolhd Pholoiperiod 

l7our (If'the fiVe fish in the implant group 
and live of'the six in the non-ituplant group 
mat ted during the CxperinIe.ll constilut
ing an o\crall maturatlion ralc off2.8'il (Ta
ble 2). llsI' that did no IltetC were the 
smallest in the experitncn. "lwoofthe tlhree 
Ic'nl!Cs itl tIe implatt gl'Otl) Iossessed eggs 

I;'c than 'S)) pml in diaieler at tile be
gintinug of..\'ril. Wvhil, tIie lao 1'CtIales in 
the -iot)nplatl group did tiot have eggs 
latrger thitn 75(1 Am before May 6. ThitS, fish 
ill ile I li1platil groip nlatiCd one 111o1th 
earlier than lish in the tion-implai group. 
()tnlv OilC 1lic in either grou I) possessed 
rtinniug mill duit rintg the monthly sampling 
i Jutne (1from the iplant group) and .11ulV 

(from the non-inplant gi'oulp). 
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'.\m 2. -K'diamlers ald rtnaincv i(/0dition olmilkfih held under a photoperiod regime with 4 ,nontis at 
101.:141). 3 monthi att121.:121) and 1-5 monthsi at II..6D. 

Gonads egg
 
Fish Fl. diameters or
 
no. Sex (C1l) mill condition April 5 N ay 6 June 3 
 July I August 2 

Fish receiving implants 
I F 76.0 men S) 11.85 0.040 0.04 t 0.08 0.84 '- 0.16 0.37 ! 0.07 0.70 t 0.08 

rNig4 0.75-0.95 0.30-0.70 0.25-I .05 0.20-0.60 0.45-0.85 
no.CI,eggs 79 100 )100 114 112 

2 F 71.5 mean I) 0.)5 ,0.03 (.30 , 0.0a 0.35 ±f 0.04 0.85 ±.0.08 0.31 ± 0.03 
range 01.9()- 0.25-0.40 0.70-1.00 0.25-0.40I .00 0.25-4.45 
no. cf eggs 4 100 100 114 100 

3 F 72.0 llezin : SI) - 0.73 :+0.11 0.70 1 0.26 0.86 -t0.88 0.72 ± 0..11 
nige  .45-0.9( 0.25-1.00 1).30-1.05 0.30-0.90 
1o. oI'egg. - 101 102 54 106 

41 M 800 mlil ratinelb 
1 0 1 I 0 

5 ? 69.5 

Fish no receiving implants
 
6 F 83.0 m - 0.04
ian SI) 0.83 - 0.69 (f 0,43 ± 0.060.08 0.78 ± 0.08 

range - 0.75-4).95 0.25-0.90 0.25-0.55 0.25-0.95 
no. ofeggs -	 55 96 100 105 

7 F 71.5 	 meain I) 0.51 0.07 0.79 , 0.06 0.43 f 0.05 0.80 4 0.05 0.33 ± 0.05 
raige 0.30-0.65 0.60-1.)0 0.25-0.55 0.60-0.95 6. 20-0.45 
nl. o1 eggs 78 74 110 102 :02 

8 M 70.5 	 inih rating 0 0 0 3 I 
) ! 71.5 I mill r;ting 0 0 11
 

I10 NI 7M1.5 lih iinill ( 0 01 I 0
 
II 67.5 	 . 

FihIh\%:Inot reilphl)nled ;itthis time.
 
,Mill rating-I no 1mih observed. I r-
tIces of mill, 2 - small anllounis ofmill,3 = copious running milt. 

The observed frequtvincy distribution of duced 100,000 eggs, but these were not fer
egg sizes (Table 3) indicates that all live fe- tilized even I hough mature males were
 
males \ssere capable of multiple Spawning present.
 
during the season. Each remale possessed In August, induced spawning by injection
 
eggs larger than the critical size re(quired for of 250 pg of LI-IRHl'-a in liquid form was 
horm1one-in)(1 uced spawninJig (.Liari() et al. attcmnpted without success ol Fish #1 and 
1984) at least ever\ other month. Sponia- 3. Mean egg diameters for Fish #1 and 3 
ilCOLis spaw Iiig occuiTed llur were 722 and 700 pm.times from 
 respectively. 
Arril to A\guSt. The first two spawnings 
were obtained fiom iImlplanted Fish #2 and li.\7cN'iuc'fllh I-.) Pl/,t(fI'hotOlriod
 
3. which spa,,%ned two days and eight days 
ater hormone implantation, respectively. Three of ten fish in the implant group
Each spawn produced on1' a fw eggs and matured and no fish in the non-implant 
none were f'eriliti/ed inthe absence of1m1ia-group m11atulred (Table 3). The two fiemales 
ture niales. The last two spIawn ings came that niatured Fully were the two largest fish 

unidentifiedf'r Lil 'Cmales. The third in the tank. Fish #2 had egg diameters larger
spawning resulted in the release tol'300.000 than 800 pll in May and August and was 
eggs, a fertili/ation rate of 83% and a hatch- thereftore capable of multiple spawning dur
ing rate -,f24.i%. The Iburth spawning pro- ing the season. 
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TAI.lr 3. l:I' dmt,,Ia c/I,s and rphlfljlioq, iotthdn, 'if csp ios, hi a m/hicn, l/iu p'n/A/oh 'iIl'ntIe'riod ill / e /I. 

Gonads egg

Fish FL. diameters or
 no. Sex (cIII) 	 mill condition April 4 NIay 5 June 0 .1uly 5 August 2 

Fish receising implanis
 
I F 78.5 mean - I) 
 - 0.4 , 0.11 0.47 1 0.47 . 0.18o.14 0.85 , 0.05 range - 0.35-0.8(1 (. 20-).85 0.30-0.95) 0.65-0.95 

no. ol'eggs - 55 137 14 1002 1 82.1) mean , SI) small eggs 0.90 , 0.07 0.58 , 0.12 0.44 • 0.15 0.82 0.01 
range 
no. of eggs 

3 F 67.5 neian SD 

F 73.5 mean S) 

5 NI 70.0 milt ratingi 
6 ? 77.5 

7 ' 73.0 
8 '. 66 .0 
9 ? 6' 5 

lO10 77.0 

II F 68.0 	 mean SI) 
range 
no. )I eggs 

I2 F 76.0 	 mean SI) 
range 
no. of eggs 

13 ? 68.1) 
14 .' 75.0 

Mill raling-0 no mill observed, 

Spon taneouts spawn i ngs observedwere 
twice, on March 26 and May 8. The first 
S)aWl occurred 27 days after hormone irn-
plantation, and the scCond spawn look place 
3 days after hormone implantation. Ioth 
spawns produced only a small number of 
eggs, and fiertiliiation Cid not take place in 
either case. cvcn though a matutre male \was 
present. 

Two fish wIth mean egg dialetcrs of 853 
m Ir Fish 1 and 823 pin for Fish #2 wcrc 

each injected with 300 ug of LI IRt-a inl 
liquid form ill August. Fish # I spawned one 
day after injection and Fish #2 began drib-
bling eggs after one day. hUt did not con-
plete spawning until that night. Fertilization 
did not occtr with either spawiling atte!n)t. 

, 
0.2-1.3 0.75-1 .(5 0.30-0.80 0.25-1 .05 0.30-0.95 

114 1II 

-

3 2 1 

Fish not receiving implants 
- 0.32 t 0.02 
- 0.25-0.35 
- 100 

-
- - -
-

_ 

93 1(12 
- Pre\itello

genie 
oocytes 

Previtello

genie 
nocytes

3 3 

Previtello- 0.28 -t 0.02 
genie 0.20-0.30 
oOC,'es 20 

- 0.43 - 0.05 
- 0.25-.50 
- 108 

I : traces of milt. 2 = small amounts of'mil., .3 = copious running milt. 

DisCussiol 
Matiration ofrnilkish 'as not observed 

in Experiment either belorei. or during 
l 981. tider a collstallt long-daylighl re
gi mc. When daylight was increased in 1982, 
however, milkf ish began to mature. To our' 
knowledge, this is the first incidence of 
)ilkfish mat ration tnder artificial lighting

conditions. This result implies that a change 
and increase in daylight may be required to 
stimulate the onset of' the malturation pro
ccss in milklish. .\ point to considlr is that 
fish that matured in 1982 were a year older. 
The difll'rcnce in age of' milklish that ma
lured shouMl also be considered as a fictor 
it) maturation. Lin (1984) demonstrated that 

http:0.25-.50
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older milkfish showed a higher percentage 
of maiurity in captivity. Further experi-
mentation on the l'ct of'age is necessary. 

U nder tile same photoperiod regime, IC-
males in hoth l-xperinments I and I1 had eggs 
larger than the critical si/c for induced 
spawing b\ NaQ and as carly as April in 

,\pcrilnolt I. In -xperincnlt I. a n111h 

ic'attcr percnt la (,3) of fish cxpostd to 

a conirolled photopCriod in the indoor tank 
cche'Cd lull mllaturit than fish C\posCd Io 
dilhicIl 4thotopcriods in the outdoor tank 
(21,). \ni increase in photlopriod SCems to 
trigIr the maluraltion of nilklish. :\ longcr 
pliol)icriod is all inpori lantit actor in the 

ii olnalUrlti n ol slin iner-spawIli lg 
I,1 (1 1m111 tJ)3). 11 this is trLIUC, it will he 
pjissihle 1t L'entriot tile lle. ItratiOll Of milk-
lish h nanitiuilatli t !)ht ,ijcriod. Indeed. 
niul, ih ill thisCXlriml mllatula.lred ill :\Iil. 
a inoth helore the normal spaw\ning seasoin 

IKtlo and Nash I)_ Q), Milkfish in the (tlt-

door l'acilitiCs also nlatlurcd b, April through 
hotininC iiIIlanttatiOil and werc, in ItaCt. thC 
Ill'st t0 s),[\ n.1 1lhe iert'Cllta g ol malliUr fisll 
\\l. ho\ c\cr. lillith h\\ c . thc in c-case 

1

nilkfishnatural too rate- il' indoor 

direcct\ ,tl ihul 

In Ixpcrimincn
l., i l l - , 11.,~d inpl 

iattii'e at ]cast 

rccci\ ii i hoino 

allatlrC In the o 
holillttlIC' IIll pI)in l11., .11IR I I-,a C'lth( s cl ] 

pcllC iIIp llaitatiolu ha', CteCeiI ov to he 

an cllt1icCMetlhod limIl thei11hit Ildl 
tiirdlion)l ()I' :nilkfish ([ .'c ct .11. 1 ) '',J 

Iin this st \ity.n ilklih \\ ec i tidtlced to 

d to l otol)criotd adulist-

II. inilklish in the indoor 
\t 	 t \ . l , 0hl C~i t 1 1 C I n0 1 h1 I I I1I ) I C S . 

oneinti h erlr tet titsan hUih 
mon c . . ilklish that did 

litdo l tl1,- also rc eLCi\cd 

icr .A.. 

fish with small eggs (Kuo et al. 1979; Jiario 
et al. 1984: Lan 1984). Our recent studies 

also indicate that the critical egg diameter 
for inducing spawning by single hormone 

injection is 80() pm (Lee et At. 1986h). 
In conltILSion, inilklsh llatured in an in

door tank of 25 ill under a long daylight 
rCgilC. Maluration occurred in a larger poe
cotage of ish vhen exposed to long pho
toperiods in an indoor tank than in an ouit
door lank with e&,,,'sur' to the ambient 

photleriod. linl plainlation ofLlRI-I-a pet
lets causCd milklish to nature one m1onth 
crlicr than untrcatc-i fish. Milklish spawned 
i both tanks. 
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