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EXECUTIVE SUMMARY 

The goal of the project "Studies On the Maturation and 
Spawning of Milkfish" is development of a complete
technological resource base to transfer to milkfish 
farmers and researchers in lesser developed countries. 
Integration of new findings with existing culture 
practices will ultimately contribute to high and reliable 
plroduction of a relatively inexpensive source of animal 
proicin. The primary objective is to develop techniques
to control reproduction of this important tcleost in 

capliivy. A rclated ol jective is to cvaluatc the
 
,mlpltlhility of' these techniques to other culturcd
Spccic,. Suitllc intensive and scmi-incnSivc hatchery 
proccdurcs arc also tlrgets of development, 

Som c of the program's acconmiplishniets since its 

ilccplion four NCars :qiuo arc:
 

1. 	Intcrlali onal workshops on the reproduction and 
culture of milkfish, and the control of spawning in 
tcleosts. 

2. 	 Produccd a State-of-the-Art document sum marizing 
available information on milkfish culture. 

3. 	 An ,ffcctive chronic hormone therapy to influcnc, 
nr.,uratioii in milkfish. Administration of a 
combination of LHRI-I-a and 0.25 mg 17-MT in 
long-term release capsules increases the number of 
female milkfish that complete maturation. When 
combined with manipulation of photoperiod,
maturation of the feImale can be induced out of 
season, 

4. 	 A chronic LIRI-I-a + testosterone treatment to 

accelcralc egg growth in striped mullet. A single 

female can be spawned twice within the same 

spawning season without apparent loss of egg 
quality. 

5. 	 New hormonc imllant technology to improve 
delivery of 17-MT which induces tcsticular 
maturation in striped mullet. 

0. 	 Correlation between average temperature and 

daylength over an annual cycle and the percentages 

of maturing milkfish and mullet. This information 

provided the critical limits of each environmental
 
parameter at which mattiration was initiated 

naturally, aind] guidelines of which levels to test 
cxpcrimc ntally. 

7. 	 Dcscription of the fluxes in serum gonadal steroids 
that naturally accompany ovarian mat uration in 
milkfish and mull (. The profiles indicated the 

serum levels that chronic treatments mimic. In 
addition, they are integral to interpreting response
to a particular chronic hormonal treatment. 

8. 	 Improved method to induce milkfish to spawn in 
captivilty. Spawning can ble induced with an acute 
administration of LfIRH-a; this results in a high 
number of fertilized eggs without the loss of 
valuable b1 oodslock. A complete description of the 
female milkfish maturation process was a direct 
result of this research. 

'. 	 Natural spawnings of milkfish broodstock have

taken place in two 500 in' dirt ponds from .hne
 
through July, 1988. These spawnings provide a rare 
opportunity for assessing egg quality of indaiccd
versus naturally-spawned eggs. 

1t). 	 The most cost-effective method to (late for 
inducing striped mullet to spawn it,captivity. 
During the 1987-88 mullet spawning season, this 
method induced a record 125 mullet to spawn, and 
resulted in an estimated total production of 92 
million fertilized eggs. 

11. 	 Hlatchcry techniques for mass culture of milkfish

larvae. Eight intensive larval rearing trials during
 
the 1987-88 milkfish season resulted in average
 
survival of 32.7% (range: 19-40%). The average
 
density of milkfish juveniles at harvest was 5.8 
individuals/liter (range: 4-7 individu,' /liter). 

12. 	 Improved hatchery techniques for mass rearing of
 
mullet larvae. During the 1987-88 mullcl season,
 
average larval survival from 12 intensive larv.,
rearing trials conducted in 5(0-litcr tanks was 
34.3% (range 19-52.2%). The average density of 
juveniles at harvest was 6 individuals/liter (range: 
3-11 individuals/liter). These results are 
unprecedented in the mass culture of this species. 

13. 	 Field testing of developed hormone technologies in 
the Philippines, Taiwan and Indonesia. 

14. 	 Project's research results published and/or
presented in refereed journals, newsletters, 
workshops, and various conferences and/or 
meetings. 

PROJECT RATIONALE 
Traditional milkfish aquaculture has been practiced in 
Southeast Asia for centuries. It is one of the most 
extensively farmed fish species in the world. An 
estimated 724 million pounds are produccd annually in 
the 	lhilippines, Indonesia, and Taiwan. At present, 
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fishponds in Indonesia, the Philippines and Taiwan are 
184,6X), 176,(X) and 15,(XX) ha, respectively. Per hectare 
yields of milkfish range from about 300 kg in lnldoliesia 
to 2,000 kg in Taiwan. The govcrnmcnts of thcse 

countries wish to expand the culture of milkfish to 

1) offset protein deficiencies, and 2) increase 

Ciliploy mcnlt. 

Traditional milkfish culture begins witit1 wild-caught fry 
grown to fingerling stag.- and stocked in growout ponds
which have hccn organically enriched to improve 
productivity. Fhe prime market size ranges from
3 )(i-40( grams body weight and is usually reached withii 
tYcar. This method is stii! widely practiced Itoday.
Bccausc of dependence oin skcd from it wild, the 
indu.,try is aifectcd by scason:,l and annual variation in 
fr% avhlabilitv. As milkifish cuLIrc t cclhxnology improves, 
(C.x. dccipatcr culture systcm hi Taiwan) the demand 

for milki-Ish fry imcl:eases.
 

Although dlmand is difficult Itc oclent, reports at theInd lnt(cr-lttitoal N1ilklish Aquaculturc Conferenice,lhnd 	 Iternationalc ilkfthAquacult.irndeia edI;.t 
Iloilo, Iiilippinecs (O)ctobecr, 11)8.1) indicated that 

approximatel\ o.billion fry were rc(tired ,illmuallv il 

theIl Philippin s alonc. D uring that year, less Ihan 7'" 

of Tch, 

ofeil 	 receparcipyns gred tvat. The majioritprol'ofacC p ite ilnutry s agreed thtl tace moakiI Lc! 1i tCindhl,r w a';s tile lack o *i or proositnnlklsco nsisc n i nmilklish•

r t'ntpl\. It that culd he resolved. milkhsh aqUatultur 

wotulh provi&c inCxpensivC, high quality animal protcil.
 
to the pcoplc> o-f Asia and
!Southeast tile Pacific Basin. 

-%solution to the problem of' fry availability \wuld be ho 
dcvclop inalificial milkfish propagation program wvhosc 
Ifoal point was tile control of the species' reproductive 
[+rocsses. [Earlv studies indicated however, that.

al honjh extcnsively ('lltired, vcrv li1t t \vas known 

Ahi,ut theil bsic biology of this species despite its 

exten'livc culturc. Ilnaddition, traditional practices did 

nlot re(tiirc product ion of scxually iture and active
 
individija". The Philippine conference concluded that 

pIopagating milkfish in captivity depended research
on 
tol tcolirol their sexual miluratiol and sp.,gitwi1 . Total 
lprodtiic't Iclvels could then be improved ',y extending
lie spaw\nijig ,cison, selective brleding, ctc. analogousi 

to Icrrctrial species. Th result would be a continuous 
supply of sedn stock onldemand, thereby elinmating 

PRO.1 ECT 0)Il ECTI VES 

The Milkfish Research Project Ibegan in October, 1984, 
and its primary objective was to develop the ability to 
iMature and spa\,iln ilk fish in c:Ipltivity. Once methodsw 
Iocontrol reproduction in inilkfish were cstablishcd, 
dvclolmCnlt and testing of suitable cost -effect i\'e 

intensive and seni-intensive hatchcry techniqucs were to 
be pursued (1980). Technologies developed for both 
reproduction and larval rcar-ng would then be expanded
for use with other finfish species. Finally, the feasibility 
of adapting new technologics to Icsser dcveloped 
countries (LDCs) was I- 'i,: 

The 	project progrcssc( tarnate goals by 
carrying out specific 

I Workshops: To :orkshops to promote 
exchange of knowledge Pclwccn world experts on
milkfish reproduction and culture, and controlled 
spawning of fish in general. 'Workshops were 
sponsored by USAID and :somctimcs co-sponsored 
hy other funding agcncics. Workshop proceedings 
wcre publishc either as special issues (it refereed 
journals or as books iw the ()canic InstituLe. 

2) State-of-the-Arl I)ocunent: ''o provide acomplete, up-to-date summary of work in nilkfish 
rcproducliol and culture. The book, publishcd by 
tilc Oceanic Istil uoe. wats a compilaition of chapterls

) 
s en s : i lifi s e t e r . CvhS. e e , 

sc nior scientific edtior, Dr. (C.-S. iny
consuhlalion with USAID staff and miemibers of the 
projcct's Technical Advisory (roup (TAGi) Each 
chapcr was refc reed by other scicntists fltmiliar 

writttebnilkfish exprtIs who rce ch ap by the 

with 	the subject matter. 

3) 	 Chronic Hormonal Treatments: o dsin 

long-term hormonal treatments to induce or 
enhance maturation of' male and female milkfish 
and 	 mullet. 

.1) 	 Actite Hormonal Treat metnt(s: To improv ,
 

Ihe technique of' hormonall inducing milkfish and
 
mitllet to spawn in captivily.
 

5) 	 Enhance Knowledge Concerning The 
Reproductive Biology and Physiology Of 
M ilkfish And M ullet: To deterinie anual 
fluxes in serum steroid that accompany-rofilesnttxc in eum seo ip il s . 
maturation of'oth sexes inmilkfish mid mullet. 
Technology Transfer: To train individuals to 
produce and administer hormone imllants, and 
assist in field testing tile tcchnology in other 
coinlrics (i.e., Philippincs, Indonesia, and Taiwan). 
Experiment results have bccn reportcd and 
submitted to recognized refcreed jttrnals for 
publication. 

The majority of our objectives have bcen realized and 
the rcsul' are ':m marized in this report. Field testing 
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of developed hormonal technologies continues at tile 
Tungkang Marine Laboratory, Taiwan, and the Gondol 
Research Station, Bali, Indonesia. The identification 
and manipulation of environmental cues which mnderate 
the onset of maturation are being investigated. These 
cxperi nis are being conducted by ilalaipulaling 
environmental parameters alone, or in combination with 
chronic hormonal treatments. Results should provide 
mleans of extending (i.e., controlling) the maturation 
scason for bhoh mullet and milkfish. Further work 
tareets dc-clopmcnt of mass culture systems for mullct 
and iiflkfish larvae. 

PROJ ['CT NiANAGEMENT 

A co()pcrativc agrcement fictwccl Ihc tnited States 
V,'cncy foir International Development (LISAID) and tie 
()in.anic Inslluc (()) was formed so that [lie technical 
c- ib:ilili cs, facilities, and resources of hoth 
ore.mmi at ioi, could be dircctcd to solving problems 
-1,sociallcd with controlling reproduction of milk fish. 
1'r cct pcrformnance required substantial involveimit by 
1SAID'S IBureau for Science and TCchnology, Office 0( 
\grictlUrc (S&T/A(G;IR) primarily by the Tcchnica!. 

.Adivisory (;roup (TAG) formed by the S&T'/A( ;I. 
.Mcnmbers of' the TA( include milkfish researchers from 
Iihlmicsia, IT!lppincs, Taiwan, andI others deenied 
appropriate by S&T/A(R. This group has convercd 
puriodically to advise and guide the project manager and 
S&T/A(;R on achieving [lie goals of tile cooperalivc
agrcnicnt. Members of the TAG have been: 

1. 	 Dr. Lamarr Trolt (Sciior Advisor, USAID) 
2. 	 Dr. Malcolm (;ordon (t i c rsitv of California, Los 

Angeles, UCLA) 
.i. 	 Dr. John I lunter (National Marine Fisheries 


Service, California) 

4. 	 Dr. Alfredo Santiago (South East Asian FiShcries
 

Development Center, SEA EI)(', IPhilippies) 

5. 	 Dr. 1.-C. Liao and Mr. Mao-Sen St (Tungkang 


Marine Laboratory)
 
(i. 	 Dr. Fuad Cholik (Rcscarch Institute for Coastal 


Aqluaculttire, Maros, South Sulawesi, Indonesia) 


Specialists in :.pecilic fields, such as Dr. Edward D. 
Iloude, Univcrsity of Maryland, and Dr. Lawrence 
('rim, Memorial University, Canada, have been invited 
th pirticipalc in the TAG( meetings. 

It is 	('s responsibility to plan, organize and conduct 
the program's research based on recommendations of 
the TA(G. At regular intervals suggsted by the TAG, a 
group of qualified experts known as the External 
Evaluation Panel (EEP) is invited to conduct an 
in-depth analysis of the project t,( determine its 

progress, its current direction and offer suggestions for 
its future. 

ACCOMPLISHMENTS TO DATE 

Workshop on the Rcproductiev and Cultlure of 
Milkfish held April 22-24, 1985 at the Tungkang 
Marine Lalboratory, Taiwan and proceedings 
published by the Oceanic Institute and Tungkang
Marine Laboratory, ISBN 0-9617016-1-7, 226 pp. 

State-ol-lhe-Art )ocument: AqUaculture of 
NMilkfish (Chanos chanos). Published 1986, by the 
Oceanic Institute, Il, USA. ISBN 0-9617)16-)-,9,
284 	pp. 

Singapore Workshop for tlie Induction of 'Spawning 
of Teleosts. Proceedings to be publislied as a 
special issue in Aqmwulturc, Vol. 74 (1 and 2),
Nov./Dec. 1988. 

Redtufied tile annual reproductive cycle of milkfish 
and mullet in captivity: 

Determined steroid profiles that accompany 
matuation in milkfish. 

Correlated tcmperature and photoperiod with 
onset of maturation in milkfish. 

Determined steroid profile:s that accompany 
cegg growth and induced final maturation in 
striped mullet. 

Correlated temperature and photoperiod with 
the onset of maturation in female striped 
mullet. 

Development of chronic hormone treatments for 
influencing maturation in the milkfish and mullet: 

Tested the effectiveness of ,arious LI-lHRH-a 
and/or 17a-methyltestosterone comnbinat ions 
on thei ialuration of milkfish. 

Determined the response of ovarian steroids 
to the various chronic LI fRII-a and/or 17-MT 
coin iinat ions. 

Examined the effectiveness of chronic 
LI RI]-a + 17-MT treatment administered at 
different times prior to the start of the 
spawiiing season. 
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Determined the effect of chronic LIRI--a + 
testosterone and LHRH-a + 17-MT trcatniel 
on egg growth in striped mullet. 

Demonstrated the effectiveness of 17-MT 
administercd cithe orally or by implantation. 

Improved methods used to induce spawning of 
milkfish and mullct: 

Induced spawning of niilkfi.h with a single 
application of LI RI-l-a. 

Defined the stage of mat urat ion lmost 
receptive to an acute LI-IRI-I-a treatment for 
the induction of spawning in milkfish. 

Determined the miiinium effective dose of 
LIIRt-a. 

Induced spawning of'imullet with LI-IIRII-a 
alone or in cormbination with carp pituitary 
honiogenatc. 

Determined the most cost -effect ivc method of 
hormonally inducing mullet to spawn. 

Ilatchcrv techniques for the mass culture of 
rnilkfishlind mullet larvae, 

Dcvclopcd a mass culture technique for the 
intensive rearing of mullet larvae. 

Developed hatchery t chniques for the mass 
culture of miilkfish Iarvac. 

Described rates of oxygen consumption 
accompanying development of' mullet embryos 
and larvae. Assessed abiotic factors (i.e. 
temperarture and salinity) on oxygen
consumption. 

Technology Transfer 

Field-tested developed chronic hormonal 
techniques at stations in the Philippines,
Taiwan, and Indonesia. 

SUMMARY OF PROGRAM
ACTIVITIES 

A summary of the activities undertaken to attain the 
stated objectives is provided in the following sections. 

MILKFISH 

Workshop: Reproduction And Culture Of 

Milkfish. 

The TAG recommended that world experts in milkfish 
reproduction and culture be invited to a workshop where 
they could meet to exchange ideas and information 
regarding their progress in milkfish culture, and share 
solutions to some of the problems they had encountered. 
The goal was accelerated achievement in this area. The 
invited speakers, their institutions and their presentation 
subjects follow: 

1) Dr. Lawrence Crim, Marine Scieiices Research 
lamratory, Memorial University of Newfoundland. 
Mchods for acute and chronic iormone 
administration in fish. 

2) 	 Dr. T..J. Lani, Department of Zoology, National 
University of Singapore. Induced spawning in fish. 

3) 	 Dr. Ching-Ming Kuo, International Center for
 
Living and Aquatic Resources Management. A
 
review of induced breeding of milkfish.
 

4) 	 Dr. Isao I-Ianyu, Department of Fisheries, Faculty
 
of Agriculturc, Tokyo Univcrsity. Environmental
 
factors in ish reproduction.
 

5) 	 Dr. Chcng-Shcng Lee, Oceanic Institute. 
Environmental factors in milkfish reproduction and 
the preparation of a luteinizing hormone-releasing 
hormone cholesterol pellet and its implantation in 
milkfish. 

0) 	 Dr. A. Kanazawa, University of Kagoshima.
 
Nutritional factors in fish reproduction.
 

7) 	 Dr. K. Fukusho, National Research Institute (T 
Aquacullure, Japan. Stat us of marine larval culture 
in Japan. 

8) 	 Mr. S. Pamplona, Naj nan Research Substation,
 
Southeast Asian Fisheries Development Center
 
(SEAFDEC). Milkfish farming in the Philippines.
 

9) 	 Dr. I.-C. Liao, Tungkang Marine Laboratory. 
Milklish culture in Taiwan. 

10) Mr. Clyde S. Tamaru, Oceanic Institute.
 
Population structure of the milkfish Chanos chanos:
 
past and proposed analysis.
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11) 	 Mr. L.T. Lin, commercial fish farmer in Taiwan. 
My experiences in artificial propagation of milkfish 
sAudies on natural spawning of pond rcarcd 
broodstock. 

12) 	 Mr. F.H. Chen, commercial fish farmer in Taiwan. 
My experience in traditional milkfish culture. 

13) 	 Mr. C.C. Chiu, commercial fish farmer in Taiwan. 
Deepwatcr pond system for milkfish culture. 

The proceedings of this workshop, entitled Reproduction
and Culture of Milkfish, were published by the Oceanic 
Institute and the Tungkang Marine Laboratory. 

StaK-Of.The-Art I)octinient 

['hc cooperative agreement between USAID and 01 
acquired that the latter prepare a state-of-the-art 
docuncnt to 1) review the biological, economic, social, 
and gcographic base of the milkfish production industry, 
and 2) provide a complete and current (1985) summary 
of the species and the industry. The contributors to the 
document and their topics follow: 

1) 	 Dr. Malcolm S. Gordon and Ms. Ly-Ouang Hong, 
University of California at Los Angeles. Biology. 

2) 	 Mr. Clyde S. Wanaru, Oceanic Institute. IPopulation
Structure. 

3) 	 Dr. Chcng-Shcng Lee, Oceanic Institute. 

Reproduction. 


4) 	 Mr. Christopher Kelley and Dr. Cheng-Sheng Lee, 
Oceanic Institute. Artificial Propagation. 

5) 	 Dr. Wade 0. Watanabe, Carribean Marine 
Rcsear:h Center, U.S.A., Larvae and Larval 
Culture. 

6) 	 Dr. A.C. Villaluz, Aquaculture D,:pt., SEAFDEC, 
Philippines. Fry and Fingerling Collection and 
Handling. 

7) 	 Dr. Corazon B. Santiago, Binangonan research 
Station, SEAFDEC, Philippines. Nutrition and 
Feeds. 

8) 	 Dr. l-Chiu Liao and Ms. Tzyy-tng Chen, Tungkang 
Marine Laboratory, Taiwan. Milkfish Culture 
Methods in Southea.st Asia. 

9) 	 Mr. Ming-Chen Tung and Mr. Guang-Hsiung Kou. 
National Pingtng Institute of Agriculture and 
National Taiwan University, respectively. 
Pathology. 

10) 	 Dr. Yung C. Shang, University of Hawaii, U.S.A. 
Economic Aspects of Milkfish Farming in Asia. 

After peer review, the state-of-the-art document was
 
published by the Oceanic Institute. Copies may be
 
obtained by writing to the Oceanic Institute.
 

IDRC - Oceanic Institute Workshop On Fish 
Breeding 

A number of projects in Asia have focused on 

controlling fish reproduction. Many of these programs
have received support by either IDRC, International 
Development Research Centre, Canada or USAID. An 
IDRC - USAID co-sponsored workshop on fish
 
breeding took place in Singapore, April 7-10, 1987.
 
Presentations encompassed freshwater and marine
 
species from diverse loccations (e.g., China, Indonesia,
 
.apan, Malaysia, Philippines, Singapore, Sri Lanka.
 
Taiwan, Thailand, Brazil, Hawaii, and Canada). The
 
objectives of the workshop were to: 

I) 	 Review the current statur, and treids in research on 
fish breeding in Asia. 

2) 	 Compare new and traditional techniques for
 
practicality and cost-effectiveness for a variety of
 
tropical finfish species.
 

3) 	 Recommend new research approaches and ways to 
encourage pro;duction groups to use experimental 

breeding technology. 

4) 	 Exchange information among researchers and 
practical fish breeders. 

The papers presented at this workshop consisted of 
reviews and original research which have been peer 
reviev ed 'Or publication in a special issue of 
Aquaculture. A li, of the contributors and the titles of 
tl.eir papers are presented below: 

1) 	 R.E. Peter ct al. Induced ovulation and spawning 
of cultured freshwater fish in China: advances in
application of GNRH analogues and dopamine 
antagonists. 

2) 	 K. Aida. A review of hormone changes during 
spawning in cyprinid fishes. 
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3) 	 T. B. Saidin ct al. Induced breeding techniques 

practiced on Batu Bcrcndam, Melaka, Malaysia.
 

4) 	 S. Nganvongchon ct al. Effectiveness of LlIRII 
analogue for thc induced spawning of fresh water 
fish in the Northeast of Thailand. 

5) 	 N. Zonneveld ctal. Induced breeding with carp 

pituitary suspension and egg inculat ion of thc 

Asian catfish, C/arias batrachs. 


6) 	 J. Carolsfcld cl al. Analysis of protocols for
 
application of an 1H R iI analog for indluced 

spawning ilfemale pacu (Colossoma milri Berg

1895). 

7) 	W.S.A.A.L. Kurnara~siri and 11.,Scneviratc. 

Induced multiple Slpawinigs of (hinee carps 
in Sri Lanka. 

8) 	(C.-S.I-cc ) "Iltil.and 	(.'S. Advances and future
emales 

prospccts in controlled maturation and spawning of 
grey 	 inn l (Milil' cpha/us I) In captivity, 

) N. Sharaer o ntlSained hormc-release: 
g.haratriticsrofing hotrmonae ~htu 
(GtnRI-t) from pcllsi 

1(1) 	 L.W. Crii, N. Sherwood and C.F. Wilson.
 
Sistained hormone release: HI. lnlluct,:c 
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Annual Reproductive Cycle Of Milkfish 

Unitil recently, relatively little was known about milkfishreproductive biology and physiology (Kelley and Lee, 
1986; Lee, 1986; Marie, 1987). Natural spawnings of 
captive broodslock have occurred inboth sea cages and 
carthen marine ponds (Lin, 1985; Marte and Lacanilao,
1986). These events are significant achevmernents in 
nilkfish cultulre, but the critical parameters which led -o 
them remain clusive (Gordon and Lee, 1986; Kelley and 
Lce, 	1986). 

A complete understanding of the reproductive tbiologv 
and physiology of the milkfish permits effective use of 
tie chronic hormnal treatments that have and will be 

developed. Clearer descriptions than those presented intile stale-of-the-art document were required for
 
environnental par'nleters (i.e., ltmpcrat tire ad
 
phloperiod) under which maturation occurred. 
 In 

addition, annual fluxes in sex steroids from individualand females were monitored and correlated witil 
tie numbers of individuals maturing in a single spawning
season. This information provides insighlt into tie 
natural levels of scrim sex steroids during maturation 
and the limits of the reproductive season. Its value in 
tUnderstanding the effectiveness of chronic hormonal 
treatments will be described in a later section. 
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Figure 1. The percentage of tnaturing tiale and fe'male nilfishfront 
groups #1 and #2 during two contsetttive reproductive seasons a:re 
presented. Group Ifish consisted of 9 f',nales and 1, mahes while 
grotp 2 fish consistedof 8 fenales and .5 maoles. Both group were kept
indifferent holditg facilities. Monitoring ofgonadal inaturity w'. 'lote 
in the mae way. 
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Figure 2. The petcentage of males and females that were maturing is 
plotted against the obsered average monthly ienperatures. Maturation
of both sUes was positively correlated with the increase in temperature.
(r = 0.62 and 0.60 (P<0.05) for females and males respectvely. 
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Figu rc 3. The percentage of males and fjemales that were maturing 
versus the calculated daylength observed during the two reproductive 
seasons is presented. Increases in the perrentage ofmaturing individuals 
fior both sre.s were positively correlaicd with the in:crease in davlength.(r= .7.5 and 0.,86 (P'< OAO) f'or nia/es and fe'males reslpectiveh,) .  

Telmperature and photopcriod are the primary 
environmental factors infiuencing temporal changes in 
reproductive activity (Dc Vlaming, 1!-974; 1975; Billard 
tn:dBreton, 1979; Crim, 1982; Wooton, 1982; Lam,Tegroup
11)83). T rrvaries 
hetwecen species. Data on fry seasonality, maturation in 
sea cages, outdoor and indoor tanks (Wainright, 1982; 
Iacanilao and Martc, 1980; Liao and Chen, 1979; Lee t
dl., 1987c) indicate maturation of both sexes occurs at 
temperatures above 20°C (Lcc, 1986). The data 

presented in our studies suggest that maturation began 
when water temperature exceeded 27°C. The wide 
range of temperatures at which miikfish have been 
known to mature suggests that temperature may not be 
as significant as photoperiod. Higher correlation was 
obtained between the percentage of maturing fish and 
fluxes in daylength (see Figs. 2 and 3). Although 
further study is required to confirm this hypothesis, 
preliminary results from experiments under arificial 
lighting conditions support it (Lee ct al., 1987c). 

Steroid profiles from captive males and females of this 
species suggest a much broader reproductive period than 
was previously reported for Hawaiian waters (Kuo and 
Nash, 1979). Estradiol 170 (E2 ) and testosterone levels
from females showed multiple peaks from the same 
individuals during a single reproductive season (see Fig. 

4). These peaks reflect the species' ability for multiple
spawning within a season, (Lee ct al., 1986a). Serum E, 
and testosterone, however, were poorly correlated with 
the percentage of females maturing during the sameperiod. This suggests lack of synchrony in maturation
between females during the reproductive season. 
Lowest levels of serum E2 , testosterone, and 11-ketotes
tosterone in males occurred from November through 
February, delineating a period of reproductive inactivity. 
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#1 fentales during the 1986-19,7 season are represented. Theohser.edpeakr and valleys in serunm E, coincide with the increase inthe 

),p'rcentageofnmaturingfetales. Multt lepeaks observed in the sane 

females suggest that the milkfish is a multiple spawner. No significant 
differences in E- levels could be detected between individuals but there 
were significant variation (P < 0.01) detected between the nontissa~t~jdedl. 
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Influence Of Chronic Administration Of 

LHRH-Analogue And/Or 

17a-Methyltestosterone On Maturation In 

Milkfish, Chanos chanos 

Hormonal induction of the maturation process requires 
a prolonged period (wceks to months) during which 
circ'ilating levels of the adninistered hormone or 

horione analogue must remain elevated. Until
 
,cccntly, the only effective method to chronically

adniinister the hormone or analogue of choice was by
multiple injection (Yanaoto ct al., 1974; Lan, 1982).20,-
Initial attempts to induce maturation in captive milkfisih 
using similar strategies were unsuccessful (LIam, 1982; 
Lacanilao ct al., 1985). landling stress can reportedly 

compromise the efficacy of any hormone treatment
 
(Billard et aI., 1981; ILam, 1984). 


In provcnii nis in slow horlonc-releasing devices 

provide an alternative means of chronically

adminirstering hor 'on,,swith nininimim traum a (Crim,

1985). Luteinizing hormone-releasing hornione 

analogue (LIIRII-a) cholesterol imnplants and silastic 

trb, capsules containing steroid were used in research 

to find a chronic hornonre therapy to trigger or enhance 

tle mat u-'ation of captive milkfish (Lee et al., P.)36b).

(Exari fles of the implanter and of tie hormone pellets 

are presented in Plate 11. 


The effectiveness of the LII RH.-a cliolesierol pellet 
produced at the .)ccanic Institute was tested on 
landlocked salmon. With the assistance of Dr. Lawrence 
Crin.I Memorial University of Ncwfoundland, Canada, 
scrr ni gonadotropin was assayed in landlocked salnon 
i ph ftied with cholesterol pellets containing LI lRI-I-a 
from Sigma Chicinical Company, and from China. Two 
(Josages, 10( gg and 200 1g, were tested. The results 
(lcionstraled that the 1.1-RII-a choleslerol imlants 
effectivclv elcvaled serum gonadotropin levels for an
extlnded period of time, presumably by the chronic 
stimiulation of its release from tile pituitary. Both 
fosagcs tested indicated that the implant was effective 
for at least 4 weeks (see Fig. 5). 
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Figure 5. Serunt gonadrtiol, h-Irels in rainow troot in r.ponse to a 
sham or a 1.1/RWI-a choh'sterol i.ptl.ant. IM = intraniuscula; 11'= 
intrpCitonaldenote locations in which imlhts wereiadministered. 

The release of steroids from the silastic implants were 
tested both in vitro and in vivo on juvenile milkfish. The 
results demonstrated that a single silastic implant could 
effectively elevate seruni steroid levels for an extended 
period of tirne. Implant release rates are atfected by
several faclors, e.g., the type of steroid contained in the 
implant (see Fig. 6). The release profiles for all steroids 
tested were very similar, however. The data also
 
demonstrated that serum steroid levels result from
implant release and metabolic clearance.
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Figure 6. Three seruar steroid profiles resulting from intramuscular 
implants of the saite dosage. it vivo profiles were ohtained fron 
inrrlartedjienlih,nnilkfi.sh. Eachr poilrt represents the aiverage talue 
frot five fish. ie bars designte standard enrors. 
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The five chronic hormone therapies !ested were: 
cholestcrol pellets containing 2(X tg of LI-IRII-a 
(LIIRI I-a pellet); tubing packci with either 25(1 gg of' 
dissolved 17a-inethyltestostcronc (liquid 17-MiT capsulC) 
or 1(1mg crystalline 17a-mchyllestostcronc (crysialline

7-NMT capsule); the combinations of LI] RI-a pcllctsa 
plus a liquid 17-NIT capsule; or LIiRI-a J)ellels pls a 
er vs Iall inc 17-NIT ca psue. Experimental groups of 20 
milkfish each received one of lhcsc five therapics. A 
5i\! control group received placebo implants. RCstIts 

stL ; edLCSthat the comtinatioM of LI-Rlki-a pellet + 
(0.25 ing) 17-NiT capsules was the most effective 
hoimonc therapy (Fig. 7). 

The combination of' LII RI I-a and 17-Mi', at 10 nig and 
0.25 ing rcpcctivcly, appears to enhance maturation of' 
milkfish. The combination of LHRII-a pellet + 0.25 
Pig i7-MT capsule induced maturation of miales carl-er 
and maintained their sperm production for the duration 
of the experiment. This, coupled wit' the number of 
females that matured and the times at Nvhich they did so, 
clcarlv established this trcatment as the most effective. 
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Figure 7. "The percentage of maturing mal and f'male mnilkfi. in 
response to various 1IIRI I-a and/or 17-M7' combinations ir presented. 
Solid bar indicatesfemales and blank bar indicatesmales. Fractions 
represent the ,,umber of mature fish to the total number of saved fish 
observed at the end of the :periment (i.e., July). 
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The following season (1986), the effectiveness o the placebos. The first group (Experiment 1)was implanted
chronic LHRH-a + 0.25 mg 17-MT therapy was re- in March, 1986; the second (Experiment i) in April,
evaluated using a large number of individuals. Milkfish 1986.
 
response to hormone therapy when treatment w. s
 
initiated at different times prior to the spawning season rhere was to significant differemce between the was also invYsligated. In this study, 100 milkfish were percentage of males that matured in the treated and

divided into two groups. 
 In each group, 40 individuals control groups. However, a significantly higher
were chronically expose.'d to the l-fR H-a + 17-NiT percentage of hormon2-irnplanted females matured by

therapy and the remaining 10 were implanted with 
 Ihe onset of the natural ,qawning season (Fig. 8). 
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ttd L'iwrinient I -vasinitic.ted on Alatch 4, 1986 and Erp-.
jrient II was initiated on ,April2, 1986. Tlre only difference henve itiltwo 
(t' tn0CI was when tr,'1iCit' t vas initieteid. * p <0.05, , = j,<0.01.entli 
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Eighty-five pcrccnt of the hornionc-implanted femes 
compared to 33.3% of Lhe plazebo-iiplantcd females 
reached the matur,,tion stage at which induced spawning 
trials could be initialed. These results confirmed the 
treatment's effectiveness for stimulating fcmah: 
mlura'ni; further investigation on stimulating ma,. 
,:,:tiuration wiis required. 

T lIdta als, sug.slcd that indi'ku al response 1o
 
therapy varies seasonally. Chronic exposure t;.the 

hormonal therapy appeared more effective ,'hcnr

initiated near tihe start of fhe natural breeding season. 

This indicailed that combining chronic hormonal 

rcatm cols with environmental manipulation (i.e. 


photoperiod) may efectively induce maturation out of 

season. Initial investigations have beci encouraging. 

When nii!kfish were irnplantcd with the most cffctive 

chronic hornonal Itreatment and subjectcd to itlong 

photopleried from Oct ober Ihrough February, mat uration 
o'the female was successfully induced, but only a 
partial rcsponscby lhe nides was achievd (Fi,. ). 
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Figui c 9. ic respIonse of male and f:l',"ir nlilk-fish exposed toa long
davrrgt/t and adntinisteried 1lilIM-a + 17-MT intpl.1:,,ts ispnr.wented. 
ite (ltilr't was1 iaritjated ill October wichis nati rall) o period Of ~ 
gonil c Female nlatlafon witash'ct:.'ity. indced succesfii,', 

howo'vt'r, only a mtarginal response was achieved with imales. :erao 


.terce/nt aiatwtion. No nlta~tration of cithcr sex was obsen'ed in 

Three factors thought to contrihte to the trcatnmcnt's 
effectiveness are: 1) The long-term release of the 
respective hormones circumvents handling stress 
dtss(oc!atld with old lechniqties of chronically 
adminislering cx,ogcnous chcin ical messengers; 2) The 
ctinbination if the two hormones is important. 17-MT 
has a stim; latory effect on the piluilary in preducing 

gonadot ropin(s) in fish (Cri in & Evans, 1979, 1982,
198.). This effect, combined with the actions of' 

LHR[I-a. providcs a continuous release of the native 
gonadotropin(s) al the elevated circulating levels 
required for a response by the gonad; 3) As suggested 
by the differcn, response of both :excs iothe 
LitRl-a + 0.25 ing 17-MT, as opposed to LHRIl-a + 
10 rag 17-MT, an optimal titer !'or both steroid and 
gonadotropin(s) in the blood is required fo, maturation 
(Figs. 1Wand II). 
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sampled and the bars rePesent SEA! No significant differences are 
h tilonthls in which valtes were obtained but there isrse1'tved betwlen i, 
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The dosage of the LIHlRH-a pellets was the same, but The treatment of LHRI--a + 0.25 mg 17-MT is far 
the amount of steroid used in silastic capsules was superior in stimulating maturation of female milkfish,
different. Both sexes of' milkfish exposed to the high which suggests that at the 0.25 rng dosagc, it is still
dose (10 ing) of 17-MT, administered alone, or in stimulatory at the level of the pituitary, but is not 
conbifnation with IJHRII-a, responded with i a substatial inhibitory at the level of the ovary. 
(ecrease in circulating levels of seo:steroids. Necgaive 
feedback 17-MT iaynv comprornise the elfiacv of the Induced Spawning Of Milkfish, Chanos 
hornione ccihinattion, porticu lar ly t tIle higher dosage, chani•,, By A Single Application OfThc 0.25 mg 17-NiT dosage appeared appropriatnb.gcappered pprot-1111LHRH-anailogue.becausc n significant differences were found when 
comparing tile serum steroid profilcs of testosterone and 
1, acconipanying oocvtc growth of treated and A ,tandardi'ed method to induce milkfish to spawn has 
muitrcatcd females (Figs. 12 and 13). eluded investigators for over a decade (Lan, 1984; Ktio, 

1985). Initially, spawning attempts involved 
administering piscine pituitary extracts (salmon or carp), 
plus human chorionic gonadotropin (t-1CG) (Vanstone

) 0'........ 	 ct al., 1977; 
Lito ci al., 1979; .1uario ct al., 1979; Kilo et 
0..al., 1979). More rcccntlv, 1-ICG alone has been used to 

0, • induce final maturation of ova (Tscng & -Isiao, 1')79-
Lin, 1982; 1984). In all past attempts, however, fcrti

- * lized eggs were obtained by :'-anually stripping females 
and ripe males for their garlctcs. This usually resultcd 

Ail ' " 0 in loss of broodstock, a single spawning during a season, 
- and low fertilization ((0-6(1%). These factors clearly 

- emphisized tlie need for t more reliable method to ,, •• • . •in 	 d uce m ilk fish to spaw n. 

3' ']... .... .".. .... ..
 iT
e discovery and characteriation of (le pcptid e that 
" ..... .... re le a se of go n a d otro pin s 1)y'.....c 	 o ntro ls (lie sy nthe sis an d 

V Irtt .4 MP . !fu d ~ l-	 itfa m la a s pr ov id edV1l'iguC 12 . .S mA'1100 ro , lt 110Me('0111tl 	 t.~ile p it tl ry in m mnalsh a n e w n i c illod t oI 

0.25 Ing to.l,d.]r'le., plotted agaiin.t the r c t't,'di,mett-rs I-hic control reproductive activit es of fishes (Lan, 1982;

h,".c.% whithn s,mphI. 1lfter loA, transf rtnri'n 1
of didam, no )Donaldson & I iunter 1983). This peptide, luteinizing


Niikd/i~cott li/ireni'y le fi,nd ietweei treated and controI hormone-releasing hormone (L IIRI-I), and its
ian 	 't'l., 


superactivc analogues (LI-IRI-I-a), have been used to 
induce ovulation in several fish species (Breton & Weil, 

.
 1073; 1-irose & Ishida, 1974; Lam c al., 1975; Chan, 
1977; Crim &.(hche, 1984; Fitzpatrick ct al., 1984; 
Barnabe & B;iriabe-Ouct, 1985). When using any 

-: , 
 * 	 hormonal treatment two critical points must he 
i(lenfilid: 	I) the 6naturation state at which the individual 
'ill respond to a particular therapy and 2) the 

appropriatc hoi mone and dosage to be adninistered. 

hese fl'ctors v ere investigated in developingho 	 an acute
0 • .t LI-IRl-a tteray for inducing milkfish to spawn. 

"o o* The stagcc at Xhich a fcmale will respond to a single 
0 0 0 administration of L--R-1-a can bc crudely cstimaied 

1 %: * * vith average egg diamecrs determined from caninulated 
* ,o 211 ocytes. This stage is determined when average eg 

3o,1 , , uljaictcrs are > 750 ui arid oocvtes distriltd by size800 W10 
S ........ exhibit a single mode. If there are two modes, tlie. , 

t:rgurc 13 S'rum hv 2.2.5 node ova shouldi-l*i ioti control id iIR.ll-a mg withisriialler not exceed 400 gnm (Figs.
17 lT t r i .'oihj jh tted or,'in ti,," ,' ii i,,iet,'rs ihitt 14 aind 15). 

Il,,- pam yrr l it /t'll.am led. Ifter hIttraimfoni tion oj"the dat, ther
 
, Nisrp,iirnt drffi'rnces I' :0.01) i I, ,ohtetvedleC'n, Xgisize, 


1 	
I- ow and vien this stage appears is described in lie

11ott, dift i'iC lete'cte hee,s olltI),, bctr','n reaterd a idl ifte 'ed follo wing sections.
 
,-s,f ol w n
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The milkfish's ovary undergoes a series of group
 
synchronous type maturations (Wallace and Selman,
 
1981). At some point, the ovary possesses a fairly
 
uniform clutch of large oocytes and a more variable
 
clutch of smaller oocytcs from which largcr eggs are 
recruited. It takes approximately a month for a clutch 
of eggs to develop (Fig. 16). 
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The invivo pattern of oocytc growth is consistent 
between and witlhin individuals. A predictive model of 
egg growth, i.e., egg size = 359.077 + 

80/8 0 Estradiol 1 7B I 
28.796 (days) - .475 (days-)2,, formulated from the 0 Testosterone 
currcnt data and validated with growth rates from a 70/7 
1985 study (Fig. 17). 
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Figure 17. T'hepredicted growth czv,' antrihe obsoned igrowlh raic. of 
oo.ytc.'fanz two individuals (#152K and # /67,) (r2 = 0.942). The 
gross'sazz IIH'crc vaimsd franz thzree.nc c/('.vc',",sa' fi'ontd tllftrlo, ('a7(/s 
f'nsaie ,ming the zhsn, .u'zxan. 

The formula is a quadralic rclalionship that has an 
asvniptotc at approxiiiaely 800 gnl. 

Histologically, 111C initiation of tie vitcllogcnic stage isclh, ractcriu'ed Iy thic prescne'c of primary volk granullcs , , i g c o o c y l c s (
T a n , 1 9 8 5 ) .
 
sgc oocy s(Tan, ' 

I his isol~lowcd h Ilih ,,-cutlatdatiolof yolk, the major'1tivisv )izcl~l1 llk goc gowthiainof olk, ten 

a Ctli i1'acC yin oocyte growthIi and a consistenlitfcaturc of cjg maturation in telcosts (Wallace and 
Scman, 981). Examples of inilkfish oocytcs during 
their growth phase are shown in Platc 5. 

Changcs inserum levels of E, and lesostcrotic are 
highly corrclau'd with egg grkwth. The steroid profiles 
observed at the end of egg growth arc consistent with 
thosc indicating the cessation of viteliogenesis: Ole 
decrease in serum levels of E',and tile conconitat 
increase in tcstosterone (Fig. i8). 
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FigureF6 1. E, ascd testosterone profiles tht/at accontpaniy the growth of 
oocvtes in the -milkfiss. Numnsbers iparentheses represent the nttmbcr of 
observations within a 50 jun grouping of oocvtes. TIe bars represent 
SEAf. 

Information on ovarian maturation indicates a critical
period of about a week when tile probability of success of ind u c e d sp a wn ing w i t h L I I H aisi ol)tiriial. Tile dal,pi a . "ie d l
 
indicate that this period represents coniplction of 

vitellogcncsis. The eggs exhibit no growth and tilescrun steroid profile is consistcnt with those observed 

from several other teleosts. All induced spawnings weresuccessful in this period whet her the eggs had just
reaccd (le 750)iini average egg dianicter or remained 
at this stage for live days. 

Dosage 

The spalwning success rate was compared to thirteen 5 
gg,/kg body weight dosage classes administered. 
Various dosages of LHRl-a were also administered to 
males to determine if fertilized spawns were dose 
dependent. The minimum effective dose of L-lRI-1-a 
ranges from 1-5 ag/kg body wcight (Fig. 19). 

14 

http:thzree.nc


MILKFISH
 

Plate 1. A typical milkfish broodstock specimen used in 
a'pe'ninentson controlling maturation and spawning 

2~ S I 1~ 

Plate 2. The device used to implant tle cholesterol and 
silastic tubing implants used in the cuperiments. This type 
of implanter was originally used to implant E.,pellts into 
the necks of chickens. The cholesterol implant is made to 
fit into the bore of the needle of the implanter. 

Platc 3. Gregory Weber is about to use a polyethylene 
canula inserted throgh the milkfish's oviduct to retrieve 
an ovarian biopsy for stagng the maturational stage of the 
ovar., 

Plate 4. Clyde Tamaru and Jessie Bammo are obtaining a 
blood sample from the caudal vein of a milkfish. 7he 
blood sample will be used to determine circulating senum 
gonadal sieroid levels that will aid in evaluating a 
honnonal treatment. 



i ....
 

Plate 5. Histology' of milkfsh occ.tes. A) A,cannuated ovarian sample showing prim a,,yolk globue and penutt leolar stage oo-_ts. Stained with Afallo 's triple stai. 40X.
B) A 400 pmr oocyte exhibiting incorporation of yolk into discrete yolk glob.'ues. Stained with Mallory's tr.ple stain. 40X.C) Tertiary yokt globule stage oocytc that is 600 pmn in diameter. Stained with Mallor's~triple stain. 40X.D) An ooc',te taken from a female just prior to receivin~g an ijection of LI/RH-a. Thie tertiary'yolk globule stage oocte is

756 pmr in diameter. Stained with Mallory's triple sta',z. 40X.-" 



MULLET
 

Plate 6 A specinzci of thec striped maullet, Mutgil ceplaias. 	 Plate 8. A chzronic hormonal treatmentabout to be 
administeredto a striped mullet. 

Plat c 7. A striped mnullet being scanned for its Plate 9. A spermiatingmale striped mnullef that has 
ideatificaticitnumber. '1t intramuscular tag provide'sfor resultedfrom implants of 17-MfT. 
a pennaizent Means of identification and allows 
investigators to follow' anl imUdividui'i perfonnane. 



Plate 10. Invited speakers and workshop organizing 
C117itemembers of ftie Reproduction and CJulture of

.2Ov AIilkfish workshop held between April 22-24, 1985 at tie
Tungkang MarineLbo.ratory, Taiwan. See the workshop 
proceedingsfor names ofparticipants. 

Plate 11. People associatedwith the milkfish program at
Tungkang MarineLaborator, Taiwan are,from left to 
right, Mr. Robin Chen, Dr. I.-C Liao (directorof TAIL),
fiurt/h from left is Dr. C-S. Lee (principalinvestigator, 
Oceanic Istitute), and Dr.Af. S. Su (present directorofTAIL). 

Plate 12. People associatedwith the milkfish program at 
tie Gondol Re.search Station, Bali, hidonesia are Dr. 
Fuad ( holik (secondfromi left), Dr. Lamnar Trott, USAIL' 

i'k SeniorAdvisor (thirdfrom lft), Mr. Zafril Imnan Azwar 
A. (fourthfrom left), Mr. .lgus Prijono (fifth from left) and 

Mr. Geac S. Sumiarsa (seventh from left). 
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of .polningattempts. 1Themilim tunl ,'Jff'cive
dosage of 1,ll1V-a to) 


w
tntclVJwti('in inilAfish ranges hetw,'n 1-5 gi /kg hodvw'tl,. 

Within the rainge of" ';ages Islcd (1-65 Ag/kg hody 

weight), I1,rc were no significant effects on fecundity, 
fertilization rates, spawned egg diantelcrs, or nuiber of' 
fertilized spawns. Dosages administcred to niale 
uilkilsh (20-63 ;g/kg body weight) wcrC not correlated 

with the occurrencc of' fertilized spawns. 

Obtlaining Fertilized Spawns
tiii rizdSiLike ¥ihout 

Sttipping 

Initially, only Icnmlc. received injections. The spontane
otis release k',eggs %as achiev,'d in ill spawning 
lCmpts %lcin treatment was initiated at the slage of 

maturity prviously described. SparNning occurred but 
Icrtili/alin .ilssporadic, cv'n in the p'c:;ceof' 
runmne oanl.s. In ihc-se cascs, the fenales dribbled 

their cgvje ( r rIo (ifof1,
hours, i phenomenon 
lutinclv ol.crvcd in past spawning aticnipts (Lam, 
11)84; Kilo, 1985), and use(las a cuc 1obegin stripping 
cel s from tli Icmale (.luario & Drirev, 1)83; Juario c 
a8.,11)-1: Lain, I84). 

alcinpe the 
,5lii\'Ji~i, nlle, and females werc hijcctcd at the start of
al hiduccd Sllawnlri cxperiiicit. The treated fish were 
then isolatel from itintrcatcd fish. Naturill fertilized 
spaV, us ,vcrc tichi vcd in scvcn of Is'attenipts and 
resulted in an ivragc of 83.8', fcrtilization. The 
slpawijni, dlat are suimmarized in Table I found in the
Appvndix. 

In 1in to itllrovc tr' nuihcr of' frtilized 

'ossilc explaiiations for the fertili.'ed spawns are that 
1)hu-li males and feialcs were synchronized with 
1.IR I-a injections, and/or 2) the treated fish wcre-
isolated in a h,4ding facility that does not inhibit their 

behavior but concentrates the visual and/or pleromonatcues that lead to synchronizing the malting process. Thc 

smallest volume of water in which atfertilized spawn
occurred was 5(XX) liters. The practice of selectivcl 
spawning treated individuals in a tank of this sizc is a 

hatchery design. Although results are 
encouraging, even when spawning conditions ire 

fertilization presently occurs in only 5U)% of the 
Work is in progress to establish mcans to 

increase the number of induced fertilized spawns. 

STRIPED MULLET 

striped mullet, Mft,il cephahis, is a foodfish cultured
illmlany areias of the world (Nash and Kilt, 1975; Naish 

and SiSnehaseh,had 1980). ececono1980) ic 

importance, extensive rcsearch has been conductcd on 
controlling reproductive stages, such as the hormonal 
induction of final mat urat ion and spawning (Tang, i964; 
Liao et al., et ill., 1I91971; KLiO 1973; 74a; Kio, 1982; 
Lee ot al., 1987a; 1987b), environmental induction of 
fcliale niaitirdlion (i.t. vitclogcncsis) (Kio et ;il., 
1974b); and hornonal induction of spermatogenesis alnd 
spermiation (Weber and Lce, 1985; L.cc ald Weber, 
, :,,,). is extensively cultured, little isAlthough mullct 


known about its reproductive biology and physiology.
milkfish, such information is essential for efficient 
use of hormonal treatmcnts to stimulate the 

reproductive processes. 

In telcosts, temperature and photoperiod are the iwo 
most important environmental paramcers which 
moderate activity along the hypothalmo-pt;uitary-goriadal 
axis (Billard and Breton, 1979; Crim, I982, Woolon, 
1982; Lam, 1983). The relitive importance of each
 
factor may vary by species. It has been reported that
 
photopcriod was important for initiation of mullct
 
maturation while Icnperature was important for the
 
cornpletion of vitellogeneisis (Kuo ct ai., 1974).
 
Ilowever, mininum daylcngth and tenperatures IhA
 
stimulate tle onset of vicllogcncsis have yet to be
 
defined. Corrclating fluxes in daylengtlh and
 
tellpirature with the onscl of maturation indicates that 
wheii daylcngtli fells be low 11.3 hours, female toitllet 
begin to possess vitcllogcnic oocvtes (Fig. 21). A high
degree of corrclation is observed bctwen tihe decrease 
in tenperatuLire and the increase in cg growth. Femiales 
begin to niature naturally When average daily
temperaturcs fall below 27( (Fig. 20). It is Ihcrcforc 
apparent haillprevious work muanipulating environmental 
parametcrs to induce nalration (Kuo ct al., 1974) 
needs to be rc-evaluatcd. The highest teiinpcrattire 
en ployed in those experiments was 20"C, within tle 
range that mullet mature naturally. 
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Fig ure 21. ' l ln tehl,, ' ct h ,'td£h('sh4, 'd 

diamut'r. f.rom intlli feuldes h,'m'en Setembnher, I S% -March/,1167. 
E, :id tst(ostcrOnc scrum profiles were highly 
corrClatCd to ckt growth. Serum proinlcs lfrom mullet 

\were similar to those of' most tlcosts that 
havecbccn
 
xamilcd. SeIruriml E.,increases as o2yctes grow iII 
 siie 
and fctins In fall at completion of' vitlloger.sis (Fig.
22). In conltrast, t.stntcr)nc also increases with Ce,g
grotli hut co)ntiIiiCs to increase as the noicyvts reach 
iheir peak in si/c. Serum F lcvcls are rclativcly high
when treatmenl for inductd spawning is initialed, a 
1 ssiblc reason that hormone d()sagcs rcquircd for 

in ullet spawnng are aniong le highest reported. 
Altcrnalivcly, Ic high srtnim tcstostcronc levels that 
accompany the compiclion of' vilclogenesis may be an 
iftlernal signal of' the state of ovari;,i matturation. 

That scrum F, levels 2l)matLre and immature female,+ 
are not significantly diflcrcnt at tie very carly stages o( 
cqg growth is undcrstand(I2i, bec(ac of the key role hE-
plays in tlie vitclh gcni c p,(ccss (Fig. 23). However,
failure ;n matlralion ma''!'cur a1Ilhc level of tihe 

pituitary or at the ovary and cannot be dil'crentiated by
 
the E, leves alone. This informalion is still useful
 

it provides insight to the levels at which various
 
hormones might he used to slimitlale maturation.
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Mature gro/l, N = /3; Inunalitt'.grrt2p N = S. 
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,l!c placebo conlrol group. The treated group had the 

< 0 Ihighest iperCCI1I;ige [males tihat were induced to spawn 
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Effects 1'O Ilormonal OnChrotic Treatment 
Egg Grow~thi In T[he Mullet 

The cl'lccs of LIRHL-a -1 tcstosterone (T) or 

stripcd mullet were invcstigitcd with t he same chronic 
icleilst iniplants used in the milkfish experiments. 
Response to Ircat mcit was cvalh iactd by inmilorig in 
vivo tOCyc giorwh .alcs. F, anl Icstostcrone profiles of 
treaited and control Jnidles were also obtained to 
dcleriline the implant's mode of action. 

IT'C pIMt eri :in( rat eof oc'tc groiwth observed for
 
UlilsI oIf Ilie placcho-implantk'd controls was consistent 

will past obscivatlions 0 the initliet reproductive cycle 

in 1It:waiian witers (Kuo and Nash, 1975). Numbers if 

mat1tireLIc (inIales peak .Clin ,1alliI rVya ill Fe.~i l/t ry and il
11M[Urc [ Jnrani 

IO."[ caistes. nIlv o1C spIm Wning coUld be iidtl cIC Ie r 
ncmalc (Fig. 24). ()ocyc grolwth profiles (ruin -sh i 

lhci cntrol group rcvealcd som. naturial individual 
variahlility. ';onic femu ales appaicnlylv undergo and 
complete vit'logcnesis earlier than 'others. These 
f',mialcs will inraally maintain their ocytcs throlghout 
thl ca.,ol (upuiblished data). WVhen induced to 
spawn, however, i small percentage renaturc. To our 
1 nr1wlcbled, nLulple Spawnigs from an id iidud 
fcmalc mullet during the same season have never been 
repcrtcd. They may rcmalurc altcr being induced to 

anlcues which 
vitellogenesis arc still pre cnt, Therc appears to be 

spawln because the c IIvirnl initiate 
a 

'window" duling the imiuillet Sl;pwnin, scasn in which 
hboth phltopcriud and Icnpcritlurc ;ire optlimil for 
iniliatiing and Co(m)leting vitellogelc:)si This "window" 
is, to a large degree. open for a fixed period of timec. 1f 
olocvtc growth can be accelerated, the opportunity foi

uilct Pe spawn ings should increase. 
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twice wi'hin Ihc same season (Kellcy ct al., 1)87). 
lniliald resutlts fromt larval rearing trials with the larvae of 
the first and second spawnings from the same individual 
did not reveal any loss of egg quality. There are obvious 
practical uses for these chronic hormone treatments;
reproductive potential can he doubled from lie same 
broodstock. 

S LHRH--a + 1I M- / 1st Spawn 

0 LHRH-a 4 Testosterone / 2nd Spawn
U Control 

600 
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Figure 24. Profiles of egW growth front control, I.RII-t 4 17-All an 
l.llIIla + testosterone treated fenah mudlet arepresenttd. The 
ePe'triinent was initiatedoni Noventher 1S, 198. Svmbols rejresent 
,'a ges and bar are SfA. Lines indicate wthen a feiale was inducedtO Sae'! niditOrl'S indicate times a female v's'adras for aIsecond 
time. 

The + 17-IT treatmentoIRI-I resulted in inhibited 
egg growth. The dosages of the hormones used were 
ilie saime in both treatments, but the results were quite 
different. The steroid profiles of T and E, from 
females that underwent the L-I-RI-I-a - 17-MT 
treatment provide a possible explanation for tlie poor
rcsponsc. Circulating levels of 'T and E, fell when 

17-MT wils used in the treatment (Figs. 25 and 26).
Levels were even lower than those observed for fish that 
did not mature naturally. Steroid profiles from the 
different groups sugge!A that ihc poor lerformance of 
ile LIRI-I-a + I7--MT group may be (Iie to a1 

inhibition of F, anl] T synthesis. 
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Although we have no direct evidence, the depressed 
values appear to be the result of negative feedback 
exerted by the dosage of 17-MT. To conclude thatnegative feedback is occurring at the level of Ihe ovary 

will rcquirc determination of gonadotiopin(s) levels in 
the mullet in response to the sleroid treatment. The 
resulting serum steroid values after treatment 
demonstrate Ihat the- steroid used can influence the 
effectiveness of the treatmnl. Future work will evaluate 

lilRIt-a or other steroids are more effective 
when used alone or in comblination. Chronic hormonal 
therapic, combined with the manipulation of 
environmental paramctcrs (i.e., pholopcriod and/or
tenperature) nccd to be evaluated 

Maturation In The Mullet 

As mentioned p)reviously, the steroid profiles 
accomlpanying gonadal maturation provide ipsight to the 

of the period of reproductive activity, as well as 
tilthe hormones involvCd in the mcdiatiolr of the 
maturation process. Correlating steroid profiles with tcs

maturalion reveals that scrun androgcn

(testosterone and I -kctotestosteronc) titers increase
 
prior to the peak in the percentage of running ripe
 

(Fig. 27). This suggests that these androgens may 
play a significant role in mediating spermatogcnesis.
The peak of serum levcls of the androgens found in the 
mullet can be mimicked by using the 10 nig implant (see 
prcviotus section). 

b 

40 

'30 

2"-0 

10 

2.4 
O I 7.20B DI/iOP 

%, A*O I -Ketol!sh ront, 
, \, A l {,,!,tfSOiOn2 

Er ,. A 

0 Bl A , 

o 4 

i .I40I
 

8,2 1 12 8 11 1 .'1 III/ It26 2 19 3/H 3/30 
fi!vw 

i,,, I tt , t ntm 

of te.itilar steroi/.s detected in t/e seralnFigre 27. /ltwprofile of 
teste for t'/F frcit on Ittr lot,,cncris iln the inttlct. Note thire d i1pin I a llet the percentage of t.,riltingirtailcnrahic ad/ just triorto antd dtiirtnE" iUmlevel' itr rc/oic to lll/l-a . /7-TAIT the 1987-,58 slpawning %vastn. 



Induced Testicular Maturation 

Aidministration of an inramnuscular injection of 17-NIT Following implantation with 17-M f' capsules during the 
evcrv ,thcr day is an effective but time-consuming "off-season," male mrulkt inducdwere to matlre within
mctfhod to induce spcrnlatogcncsis and sprniation in three weeks. The mininum effective implant dose
male mulet (Shehadeh e al., 1'973). Orallv-administered resulting in maturation was 4.7 ± 1.2 gg/g body weight.
17-NiT is a more cfficient mcans of administration, and The rccommendcd implant dose to cnsure a high
the induction of tcsticular maturation is independent of' perccntage of maturation is 19.7 ± 17.6 ,g/g body
salinily and photopcriod ([ cc and W\chcr, 198'). weighl. Males implanted only once with the lattcr d',sc 

have bcen spermiating for at lcast a year with noSpcrmiation can Ircmaintained for al least 55 weeks apparent effect on their ability to fertilizc spawned
(\Vcbcr and lce, 1985). Athhough administ ration does oocvt(,s (Fig. 28). This is an exam ple of controlled 
nlio involv Ithcrepeate'd hrandling common to a multiplc maturation: efficient ad'inistrati n of an effective
i:itcclion protocol, the treatmenit does not discriminate hormone resulting in the maturalion of the male mullet 
!etwccn 5,'Me5, hcwxcs r, and depends upon tlie fish on a demand basis, and is the first step in the
 
fccdintl on the ticatcd diet. The silaslic implants have d(hiet lication process.
 
ccn Idcmtnstaeld to effectively clevate serui steroid
 

l'v l, I'iV', cnilein jit, m ilklislh. 
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Improvement In The Method For Induced 

Spawning In 1he Mullet 


Control of reproductivc processes in commercially-important teleost fishes has always been a goal of fish 
cullurists. Techniques for particular species
contiuiuously evolve as more efficient and cost-cffeclive 
methoC.; are developed. As noted, one of the most 
recent is the use of high potency anadogues of lutcinizing
horrmone-rcleasing hormniMc (LIIRI-I-a) m indluce final 
maturation and spawning in fish (see reviews by Lz:m,
1982 and Donaldson and Hunter, 1983). 
The application of a high potency synthetic analogue 01f 

luteinizing hornione-releasing hornion,, (LI-IRI-I-a), des 
(Iy" [D-A1a6 LI-IRI-I ethylamide to induce final 
naluration) and spawning in grey mr,.ullet was 
investigated. Fema.s with average egg diameters of 600 
,rml or more were administered a priming injecion of 
ca r p pitu ita ry h o m ogc n ate (C PH ) , fo llow e d by aresolving injection of LII RI--a 24 hours later: this 

resultedg injection ofh 2wr4nrate(9.1).significant
hig hos

resulted in a high spawning success rate (94. chang 

Fertilization and hatching rates, and qu1.alitative 
 Changes
in cgg morphology were similar to those reported with 

traditional methods. In this study, 20 mg/kg CPH 

followed by 200 ,g/kg LHRH-a were the minimum 
dosages required -or fertilized spawns. This is the most 
cost-effective method yet devc!opcd to induce mullet to 
spawn. The performance of this treatment in 

comparison to other hormone rcgime;s is presented in
 
Table 2 found in the Appendix. 


LARVAL REARING OF MULLET 
Progress with larval rearing has not advanced as far as 
the control of reproduction. The most successful rearing 
trials have resulted in survival of 2-5 juveniles/liter at 60 
days post- hatching (Nash ct al., 1977; Kraul, 1983).
However, results have not been consistent enough to 
demonstrate a suitable technology. 

During the 1986-87 season, nine intensive larval rearingtrials were condicted in 5000-liter fiberglass tanks. The 
rsthstrialswere summarized 3tnks. Thein TaWfiberglass
results of those trials are summarized in Table 3 found 
in the Appendix. 

Results demonstrate that mullet suivival above 10% at 
60 days posthatching can be consistently achieved, 
Juvenile densities at harvest were the highest repolted 
for this species (Kraul, 1983). The food regimen initiaily 
consisted of rotifers, followed by Artmnia nauplii, and 
finally artificial food (Fig. 29). 
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Figure 29. A schematic rtprsenttation of the feeding regimen used 
during tle 1986-87 nullet laral-rearingtrials. 

The relationship between initial stocking density and 
s ur el a tiv ely c rre a snt ti sti c ali e ysurvival was negatively correlated and statistically 

(r =-0.68, p<0.05) suggesting optimal initialstocking densities to be used in mullet rearing trials. 
Thle results indicate 10-30 larvae/liter as an optimalThe rcsusing5e10 rae/l an optimal 
range when using 5-10 rotifers/mI and 700,000-1,000,000 
cells/nl of phytoplankton. 
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Stokingwenty (r va it)Figure 30. 7he correlation between the percent survival and initial 

stocking densities fron nine laral-rearingtrials during the 1986-87mullet lan,al-rearingtrials. Numbers represent trialnumbers. 

Mullet larvae open their mouths by the second day after 
hatching and begin feeding as early as 70 hours after 
hatching, well before completion of yolksac absorption, 
i.r, Day 5 (Fig. 31). Initial effects of withholding food 
can be detected as early as 84 hours (3.5 days) after 
hatching, contrary to previous reports. The data suggest 
tiiat larvae should be offered rotifers at least by Day 2. 
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Figure 31. Ihepercentageoffish feeding and the number ofrotifers 
eaten per lan-ae during the first 10- hours after hatching. Fach point 
relpresents20 individuals .nd bars represent obsen-ed ranges. 

During the 1987-88 mullet spawning season, trials were 
run in eleven 50(X)-liter tanks stocked with 10-30 

larvac/litcr, the optimal initial stocking density
suggested by 1986-87 data. Survival r~acs at 50 days 

posthatching averaged an unprecedented 34.3% (range: 
19.1V%-52.2%) and clearly demonstrated the possibility 
of intensively rearing striped mullet. 

Food selectivity experiments suggested preference for 
larger food organisms from Day 8 to Day 10. Earlier,. .
 

addition or /lrtenua nauplii during the 1987.88 season 
resulted in increased growth rate compared to the 
previous year; this reduced the hatchery phase to 45-5) 
days (Fig. 32). Future work will investigate whether 
manipulation of environmental factors (i.e., salinity, 
daylength, etc.) caa also enhance growth and shorten the 
hatch e ry p h ase . 
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Figure 32. The average growth observed for ntllet larvae during the 
1986-87 and 1987-88 rearingseasons (N = 9 and 11, respectively). Bays
represent SEM. 

Development And Metabolic Rates 

Figure 33 summarizes the effects of temperature and 
salinity on embryonic development. Totai egg mortality 
was observed at 18'C and more than 95/ of newly

[irvae were abnormal at 32C. These 
t i rtre,represent thermal tolerance limits for early
dcvei,!1r.tcnt. Egg mortality and decreased normal 
hatch in 15 rpt indicated that this salinity was close to 
the lower tolerance limit. Mortality at the gastrula stage
increased in 45 ppt. Although deleterious effects were 
apparent at these extreme salinities, the results 
demonstrate that striped mullet eggs have greatersalinity tolerance than was previously known. There was 
also a significant inverse relationship between spawned 
egg diameter (0.87-0.96 mm) and hatching. Normal 
hatch was expressed by: 

y=-5.05001 + 0.631tAx1 - 0.03021x, + 0.00143xlX
-0.01342xl 2 

- 0.X(189 x -- 2.2.3059 ; 

y profmirtion of normal hach 
X= temperature (*C) 
x = szlinity (ppt) 
3 = spawned cgg diameter 
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Figurenor 33. Effects of teperatue and salinitymnal on development andhatch of striped mullet eag'Normal hatch isopleths calculated 

by multiple regression. Dashed lines indicatedeleteriouseffects. 

ne calculated optimum for nor.aal hatch (96.6%) is 
located at 25.5°C and 37.4 ppt. 

consumption rates during embryonic stages and 
the first 38 days of larval development were measured at 
24C by differential respirometry. Experiments were 

conducted at the blastula, gastrula and four embryonic 
stages, and the yolksac, preflexion, flexion and 
postflexion larval stages. 

21
 

50 

http:0.87-0.96


Oxygen uptake rates of eggs increased linearly from .024 Oxygen consumption varied in direct proportion to dry
1Al () egg- h1 (.323 gl 0, mg dry wt h- 1) by blastulae weight, according to the functional regres-ion:

1 -	 to .177 0 0, egg h1 (2316 gl 0, mg dry wt1 h-) by

embryos prior to hatching (Fig. 34). Respiration rates In y = 2.314 + 0.983 In x
 
did not vary significantly among four salinities (20, 25, 
 = It' 
30, 35 ppt). Y= mlgOry wit 

, 
 Mass-spccific oxygen uptake remained constant from the 
prcflcxion through postflexion stages (10.838 ,l0, mg

020 	 dry wt' h-1 ). 

05 5 	 Larval oxygen consumption rates did not vary 
significantly among salinities from 10-35 ppt. Acute 

0 ,o0 temperature increases elicited significant increases in
 
'E oxygen consumption by yolksac (01o = 2.75) and
 

00 +postflexion larvae (01o = 1.40).
 

to 200 IF 25 30 35 LARVAL REARING OF MILKFISH 
Aqe: (hours) Larval-rearing trials used a protocol similar to that usedFigure 34. O.ygen consumption rates of striped mullet eggs in relation in mullet rearing. The majority of larval milkfish wereto age (hours after fertilization)at 24°C. feeding by 88 hours after hatching. Early effects of
 

starvation on growth were detectable by 136 hours after

Larval oxygen consumption increa,,ed from .243 d 02 hatching. Eight larval-rearng irials conducted during

larva 1 h- shortly after hatching to 18.880 ILI0, larva 1- the 1988 season resulted in survival 
rates of 19.2-46.4% 
h1 
on Day 38 (Fig. 35). This increase was expressed by: at Day 30. Density range at harvest was 4.1-6.8 

Ijuveniles/liter which was comparable to mullet results.In y, -1.7(;93 i.0.0.078 xI - 0.1595 x2 -0.000003 1
 

"1 
y = 10, larva "1h	 Exposing milkfish embryos to direct salinity changes 
x larv5l
1 agL in hours after hatching 	 reveals that their salinity tolerance occurs very early.,= the gradient between the rearing and cxpe!i'nental Although hatching occurred at all salinities tested (5-40tmripcia:urcs ppt) the highest percent of normal larvae resulted at 

20-40 ppt. The range of salinities that can be tolerated 
24 increased with age. For two-day-old larvae, the highest 
22 was 30 ppt. Informatiun obtained from the salinity 
20 I tolerance experiments may be uied to improve survival 
18 and growth during intensive rearing of milkfish larvae. 
16
,4 	 Effects Of Temperature And Salinity On' 

o2 	
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6 	 A series of 12 incubation trials was conducted during ihe 
4 1988 season. Resuits are summarized in Table 4 found 
2in the Appendix. The initial three experiments were run0 Wet*_ as a factorial design using levels of 23, 28 and 33'C ;:,nd

0 C2 04 06 08 1 15, 25, 35 and 45 ppt. Normal development to the late 
A, .. /,o0oo embryonic stages occurred in all temperature 

Figure 35. (Awgen consumption ratesof striped inullet illlavtaae combinations, but the levels of aeration necessary to 
relation to agc (hours afo, a,'ching) at 24°C. maintain egg buoyancy in low salinitics apparently 

inhibited hatching. 

Nine experiments were conducted to determine the 
effects of temperatures from 20-36'C (35 ppt) on 
development. Eggs were transferred to the experimental 
tcnpcraturcs as blastulae and after embryo formation. 
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Results indicated that 23°C is near the lower thermal Mass-spccific oxygen consumption rates (0 0,)varied
tolerance limit because total mortality occurrcd in three directly with both age and temperature. These effects 
trials at this temperaturc. The upper tolerance limit for were expressed by:

dcveopment was exceeded by 34.5°C 
 when the transfers
 
were conducted at the blastula stage. Within the 
 y = +.X*)6S0l A 
tolerable range, hatching varied among spawnings, was y = 02'
 
hig'hest in 25.5-2~8X( i temperature (C)
x-) age in hours after hatching
 

Oxygen consumption rates (luring the embryonic Oxygen consumption measurements were also obtained
dcvclopment of mil fish \vas measured at 28"C. Oxygen following acute increases of temperature from 28 
uptake increased linearly from .074 11l 0, egqIh1 (.644 33°C. Experimen!s were conducted early and late in-
 -
gl 0, im dry wi ) to .402 41 0, egg 1 (3.916 gl embryonic development, and on Pay 0 and Day I with 

-
0, nIg (Iry wt" I ) prior to hatching. There were no larvae.
 
significant differences in oxygen consumpt ion rates
 
mong salinities from 20-35 ppl. 
 The effect of the acute increases, corrrected for the 

effect of development, was greater early in embryonicYoiksac larvac were maintained t[ 23, 28, and 33'C. development (Oi,o 3.55) than among late embryos
Larvac alppeared capable of =feeding (open mouth and 101o 1.72). Similarly, acute increases elicited greater
pigmented eyes) at I(Y) 1h,57 h,and 4) h at 23, 28 and responses among Day 0 larvae (01o - 2.99) than on 
.3'C' respectively. Starvation mortality commenced by Day I (Q 10 = 1.86).
 
tO 'I at 23'C, 1(H) Ii t 2SC and 85 Iit 33°C.
 

The effects of temperature and age on the (Iry mass of).,vecn consumption rates of volksac larvae varied larvae were expressed by:
dirctl v wiht 1tcmpcrt tire. The mean rates were .3 S gl V 
0, laro h1 , .435 4l 0 larva h ' and .034 Jul y OJX9t - .00(5.!

-Irva 11 't 23, 2$, and 33°0.2 respectively. The 010 for x, dry' (a-eight tcin 
the 23-33"C rangc \wts 1.93. The effect of temperature X,= anperaturc (a Ch)was exprcscd y:t 

Y = .CNY)58 \2 
"1
;L1(, larva h' 

x = teup.'2rature (°C) 
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ROTIFER RESTINGEGG PRODUCTION 

Rotifer:, are esscntial for larval rearing of many marine 
tclcosls. Like brine shrimp, Artewia, Ihev produce 
resting eggs (cysts) which can remain dormant for 
scvcral years and he hatched on demand. Rotifcr cysts 
arc not used as food but can serve as inoculun for their 
mass culture, thereby reducing start up lime of' 
traditional culturc methods. Mass production of resting 
eggs from two stocks of rotifcrs \vs investigatcd. 

Several factors influenced the number of rest g gsprodlned. Past research has demonstrated thal the 

number and sizes of resting cggs lrodtuced vari.s" 
between rotifer stock. L-tvpe (Japancsc stock) ,mnd 
S-lype (tlawaiian stock) exhibit diffCrent salinity optinla 
for Loducing resting eggs (Fig. 30). These are 8 1)ti 
and 32 ppt for the L- and S-type, rcslcct ivclv. After a 
week in culture, I1),0)0 rotifcrs of S-and L-type, fed the 
samc amount of food and maintaincd at optimal 
salinitics for resting egg production, will produce 10,5019 
and 2,30() resting cggs, respectively. 

Resting eggs from different stocks will produce 
ncwly-hatclcd rotifers of different sizes. The S-type
rotifcr (10(G-210 nmlorica leIngth) will produce smaller 
resting eggs and halchcd rotifcrs than the L-type 
(130-341) Ai). The potential use of hatched rotifers 
from resting eggs as a food source at initial stages of 
feeding wien sizes of food particles are critical has yet 
to be fully realized. 

\,0 yE ROlog-0.058x+3.648 

\0.r77) 0
0 107,; 10 

0 0 L-type
S0 * S-type \, 

o
 

E • 

1.0 0. 

0 
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Figure 36. The observed number of resting eggs produced from the L
type (Japanese stock) and S-type (1lawaiianstock) rotifers in response t
varang salinities. 
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TECHNOLOGY TRANSFER 

icm( randa of Understanding (MOU) on milkfish 
rescai ch have been signed between the Occanic Institute 
and t irce countries (Indonesia, Philippines, and 
Taiv an). Representatives from these countries who 
hays been trained in the production and implantation of 
de.eloped Eormonal treatments are: 

,) Jessie Banno, Southeast Fisheries Development 
Center, Philippines 

2) Agus Prijono, Gondol Research Station, Indonesia 
3) Robin Chen, Tungkang Marine Laboratory, Taiwan 

The feasibility of transfcring developed hormone 
technology is currently being assessed in coordination 
with the Oceanic Institute. 

The following scientists from the Peoples' Republic of 
China received training in several aspects of the control 
of reproduction of striped mullet and milkfish: 

Fang Yongqiang* 	 Third Institute of Occanc;graphy, 
National Bureau of 
Oceanography 

Li liaer* 	 South China Sea Fisheries 
Institute, Chinese Academy of 
Fisheries Science 

Zheng, Chen-Wci* 	 Institute of Oceanography,
 
Academic Sinica, Oingdao
 

Wang, You-tHuai* 	 East China Sea Fisheries,
 
Research Institute
 

Su, Ping-Rcn 	 Nanjing University 

Sun, Guo-Ying 	 East China Normal University 

Cen, Fcng 	 Bureau of Aquatic Products, 
Ministry of Agriculture, Animal 
Husbandry and Fisheries. 

Mayid, M. A. 	 Fisheries Research Institute
 
Bangladesh
 

; Funding provided by 	NOAA, U.S.A. All other 
funding provided by the Peoples' Republic of China. 

The results of the work on reproduction and larval 
rearing of mullet and milkfish have been summarized 
and pertinent articles have been published by a variety 
of refereed journals. A list of the publications that haC 
been, or are in the process of, being published are 
presented in Appendix A. Workshops and meetings are 
another form of cchnology transfer. A list of Finfish 
Program staff wh(, i:ave attended and presented papers
of conducted research 	 is also included in the appendix. 
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TABLES 

Table 1. Egg size before injection, spawned eggs andnumber of eggs released in fertilized and 
unfertilizedspawns. 

Fish ID FL(cm) Weight(kg) Egg Size(mm) Lgg Size(mm) # of eggs Fertitization 

(before) (spawned) reLeased Rate (%) 

FERTILIZED SPiWNS 

DBC-4 * 67.0 4.90 0.790 1.269 7(0,000 95.0 

BW-4 66.0 4.85 0.804 1.214 380,000 97.4 

DBW-8 66.0 4.00 0.862 1.189 390,000 94.0 

DBC-3 62.5 4.55 0.843 1.296 268,000 97.0 

BW-4 66.0 4.85 0.826 1.225 520,000 94.0 

DBW-9 62.0 3.85 0.859 1.232 184,000 14.0 

TW-3 68.5 5.20 0.891 1.311 555,000 95.0 

Mean + S.E. 0.839+0.035 1.248+0.G45 400,000 

UNFERTILIZED SPAWNS 

TW-3 * 68.5 5.20 0.785 1.202 59,000 0 

DBC-8 62.0 4.10 0.887 1.264 236,000 0 

DTC-7 62.0 3.65 0.830 1.147 61,500 0 

TW-3 68.5 5.20 0.861 1.243 89,000 0 

TW-12 64.0 4.40 0.806 1.125 90,000 0 

TW-3 68.5 5.20 0.816 1.181 152,000 0 

DBC-6 59.5 3.15 0.791 N/A <100 0 

DBW-8 66.0 4.00 0.939 N/A 150,000 0 

Mean + S.E. 0.839+0.053 1.194+0.054 104,700 

............................................................................................. 

* = Spawned with petlet implant. ALL others spawned with injections. 
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Table 2. 	 Estimatedproduction cost of mullet larvae in the hatcher. 

.................-------------------------------------------------------------


Hormone Cost
 
Treatment Fertilized Number of per 100,000
 

Eggs Hatched Larvae
 

Larvae produced (US$)
 
...---------------------------------------------------------------------------


CPH/CPH 372,750 186,375 	 4.51
 

CPH/LHRH-a 782,370 391,185 0.97 - 1.78 

LHRH-a/CPH 499,000 249,500 1.53 - 2.79 

LHRH-a/LHRH-a 409,500 204,750 0.99 - 4.05
 

500C IU HCG/LHRH-a 536,000 268,000 2.82 3.98 

10000 IU HCG/LHRH-a 548,114 274,057 5.16 6.29
 

...---------------------------------------------------------------------------


Table 3. 	 Results of nine larval-rearingtials conducted Table 4. Percentagesof total andnonnal hatch of eggs
in 5000-liter tanks during the 1980-87 transferredto expernientaltemperatures
nullet season. duingtwo developmentalstages. 

..........................................
 

Trial # Culture Stocking Number Percent Average
 
Days Number Harvested Survival T.L.(mm.) Temperature Blastula Embryo
 

(C) Total Normal Total Normal
 
1 60 62,100 10,474 16.9 23.0
 
2 60 73,650 8,340 11.3 21.1 
 20.0 0.0 0.0 0.0 0.0
 
3 60 153,800 13,069 8.5 18.2
 
4 60 172,500 9,644 5.6 19.8 
 21.5" 0.0 0.0 83.5 48.1
 
5 70 93,700 10,048 10.7 23.4
 
6 77 87,750 11,517 13.1 30.8 23.0* 53.9 41.6 85.1 60.6
 
7 75 107,250 10,700 10.0 34.0
 
8 70 90,750 22,251 24.5 29.0 25.5* 72.1 
 52.7 83.4 60.6
 
9 	 65 243,000 12,400 5.1 26.2
 

28.0* 63.4 48.7 70.1 
 53.0
 
Total number of mullet juveniles produced = 108,443
 
Average percent survival 
 30.5' 50.6 40.4 37.2 
 29.7
 

33.0* 53.5 36.3 55.8 41.9
 

34.5* 39.6 0.0 83.2 35.8
 

36.0* 13.9 0.0 20.8 0.0
 

35
 


