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A. 	 PROJECT SUMMARY
 

1. 	Basic Identification and Fiscal Data
 
Project Title: 
 RESEARCH AND IMPLEMENTATION OF MILKFISH
 

PROPAGATION
 

New or Extension: Extension
 

Contractor and Address: 
 Oceanic Institute
 
Waimanalo, Hawaii 96795
 

Principal Investigator: Colin E. Nash, Ph.D.
 

Duration: Currently Authorized:. January 13, 1975 
-
January 12, 1978


Extension: January 13, 1978 
- January 12, 198,0. 

.Total Estimated Cost: $1,440.409
Cumulative Obligation Through Current Year: $528,369

Current Year: $248,532
 
FY 1 (4) $463,097
 
FY 2 (5) $448,943
 

A.I.D. Project Manager and Sponsoring Office: TA/AGR(Fisheries)
 

P.M. Roedel
 

2. 	Abstract
 

Fish are traditionally the major source of animal protein
for the peoples of Southeast Asia and other LDC's. 
 Fish farmers
rely on the natural annual production of juveniles which each'
 year decreases. 
Art.ificial breeding of certain brackishwater
fish, particularly milkfish and mullet, and propagation of fry

in hatcheries are vital for the future supplies of seedstock
 
for the farmers.
 

qupport for fisheries projects in the LDC!s.by the international
development agencies has recently been renewed with the emphasis
on a strong technical base implementing "packaged technology". '
 



This project concerns the development of breeding techniques
 
for the milkfish. production of fry. design of hatcheries and
 
hatchery technology, and production in the field. Technical
 
barriers are being positively attacked by concentrating'on key
 
research areas; for example, reproductive physiology, pathology,
 
behavior, and nutrition. Technical development is being.conducted
 
in Hawaii, with field application intended first for the Philippines.
 

This project paper il based on a proposal developed by the
 
Oceanic Institute, reviewed and modified by TAB and jointly
 
developed to its present form.
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B. EXPANDED NARRATIVE STATEMENTS 

1. General Background and Rationale 

a. Background Information 

Fisheries are one of the few food-producing industries whose growthrate has kept ahead of the rate of population increase since World War II. Inorder to maintain present per capita consumption, however, fish production willhave 'to reach 107 million tons innually by 1985. If consumption increases are tobe sustained without irreparably depleting stocks and endangering prized species,:nuch greater reliance must be placed upon controlled fish production (aquaculture)
as an'ever-increasing complement to wild fish capture. 

Fish supply about 10 percent of the animal protein and three percent of thethtal protein in human diets worldwide. However, while in "high-calorie coun­tries" it constitutes 6.7 percent of animal protein supplies, in "low-caloriecountries" (i. e., the LDC 's) it supplies 21 percent. In parts of Southeast Asia,fish constitute a major source of animal protein in the diets of many people-­50 percent or more 
in most countries of the area--whereas in other parts of the
world, such as the Balkans, Central America,

countries such as Bolivia, 

the Near East, and landlocked
Paraguay, Nepal, Afganistan and most of the Saheliancountries, fish often represent as little as one percent of all animal protein con­sumed. In many cotmtries, aquaculture has until recently been all but unknown,
but in none are there insuperable, long-term barriers to its development.
 

Total world fish production in 1974 was 69.8 million metric tons (mint),
increase of over 350 percent since-1948. an,

Inland waters supplied 9.5 mint, ornearly 14 percent of the world harvest. About 63.7 percent of total production
was'used directly for human food, and 36.3 percent was converted into fishmeal,
oil or for uses such as fish flour, margarine, cooking fats, industrial u'ses,


livestock and poultry feed. 
and
 

The world's largest fish producers in 1974 were: (1) Japan 10. 773 mimt,(2) Russia 9. 235 mint, (3) China (mainland) 6. 880 mint, (4) Peru 4. 149 mint,(5) USA 2.743 maint, and (6) Norway 2.644 mint. Seven developing countries areamong the top 14 nations; they a.re: (1) India 2.255 mint, (2) Korea (north andsouth) 2. 240 mint, (3) Thailand 1. 626 mint, (4) Indonesia 1. 341 mint, (5)Philippines 1.291 mint, (6) Chile 1.126 mint, and (7) Vietnam (north and south)
1. 080 mint. 

Fish production is the cheapest and nutritionally one of the highest qualitysources of animal protein. The protein content of fish is comparable to that ofbeef, pork, and lamb, and it is an excellent source of calcium. But most impor­tantly, fish production has an unmatchable feed-conversion ratio. In steers, 
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1,000 grams of feed produce a weight gain of 163 grams; 
the rates
of gain with chicken flesh are substantially better. 
But with
* ilapia, catfish and probably many unexplored types of fish,the weight gain approaches 1.000 grams 
- - i.e., a 1:1 ratio of 
flesh to feed.
 

Long-range demand outlook for fish is difficult to predict.
Present consumption patterns are highly country and culture specificwith an important factor being historic availability of supplies.

Experience is 
too limited for conclusions on the degree of

acceptability of fish in previously non-fish-eating societies
but does suggest affirmative responses. 
 The demand outlook is
encouraging. Income elasticities of demand for livestock

products in LDC's are high. 
 With increases in the price of
conventional livestock products, high-quality protein 
sources

such as 
fish become more attractive - - particularly amonglow-income consumers. 
 Furthermore 
per capita fisH supplies

from conventional capture sources may be expected to decrease
 
and their relative production costs to increase.
 

Finally, at the opposite extreme from most forms of livestock
production, fish-farming systems can be highly supportive of
 
ecological values, via three relationships:
 

1. Increasingly, fish production systems are being built on
waste materials as 
primary feed sources, ranging from the normal
organic residues in contaminated streams 
to animal (including

fish) exerementsj and other organic byproducts. 
Conversely

such wastets from other animals are a principal source of
 
environmental contamination.
 

;1. Pond fish production is a concomitant of good surfacewater management designed for erosion control 
and other conser­
vation purposes.
 

3. By increasing animal protein production on a highlyland-intensive basis, aquaculture can remove pressure of over­grazing by land animals, 
a most direct source of ecological

destruction in most LDC's.
 

b. Project Extension
 

The program objective is to breed the milkfish, Chanoschanos, in captivity and to 
raise the fry from the egg, under­taking any research and development which may be necessary to
attain 'that goal. 
 During the 2-year life of this program
progress has been made. in a number of important areas. This
 progress in the critical 
areas of capturing adults, maturing,

adults, handling live fish, and inducing spawning has brought
the state of the art 
to a point where achievement of the program
goal is a realistic probability. Progress 
to date is outlined

in the following paragraphs. 



the Cragile wildpro,,edures for capturing and handling 
breeding fish have been improved. Evidence'suggests the need
 

use fish with oocytes of 0.7 mm
 to minimize handling, to 

above, and to inject once immediately upon cap­diameter or 


are perferabl4
Experience suggests low-level injections
ture. 

possibly followed by artificial stripping: however, control of
 

stress is essentia.l.
 

Work on health care and husbandry continues to be productive.
 

The handling techniques.,developed to reduce'stress have been
 

In addition to*previous information on the stress
beneficial. 

the adult fish during capture, autopsies have 

revealed in­
of' 

Wild fish have also shown evidence of
 cidences of blQod clots. 

gastritis , particularly when taken from the 

heaVily polluted
 

coastal areas. 

Significant experience has been gained in procedures 
for
 

hold[,p, experimental populations for maturation and'spawning
 
fish on site numbers
The resident population of
experiments. 


50 adult 'ish,..65 subadult fish, and about 100 O-group juveniles.
 

Over 89 adult fish were caught during7-the--second yeaz) but losses were 
12 fish was lost by mechanical
tank ofsustained. One entire 

several adult fish were poached;
accident following storm damage; 

and others died during experimental treatment.
 

Captive adult fish have been conditioned for twelve months
 

in manipulated environmental conditions (18L/6D) at 25% 
C, but
 

The diet of the captive
failed to show any oocyte development. 

stock has been changed for one with a higher protein composition
 

effort to improve this performance.in an 

In summer of the second year of the project, seven mature
 

fish were captured and deemed ready for spawning inducement.
 

Fol1lowing the results of the first year with doses of salmon
 

gonadotropin SG-GlO0 at levels similar to those used for. the
 

prey mullet, Mugil cephalus, six of the fish were injected
 

with a low priming dose. One was deliberately not injected.
 

Only one of the injected fish hypophysated completely and
 

One fish receiving several small injections
released eggs. 

fish went atretic. These
died. The eggs of the rest of the 


preliminary trials have provided a basis for expanded experimen­

tation when greater numbers of experimental animals become
 

available.
 

Eye lens protein analyses continue to give evidence of racial
 

differences in milkfish from around the Pacific Islands and the
 

work has been reinforced with isozyme identification from various
 

tissues. In addition over 250 adult fish have now been
 

examined for statistical morphology to provide a basis for
 

identification of races. 

The electronic tag for use in tracking adult fish has been
 

developed and tested, is now being miniaturized and a number
 

are being developed for testing in the next breeding season.
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The project has benefited from international coopera­
tion in many elements of milkfish knowledge. An extensive 
bibliography on the milkfish is being assembled: morpho­
meittLe data are being pooled: and there are beneficial 
,'xtge.t- ot" daUx on physiology, reproduc tion, and general 
haiidlI g.
 

A total of five publications relevant to the project
 
have been prepared and three published. The other two
 
are in press.
 

Progress to date has been satisfactory, and the pros­
pects for solving the problem during the.next'2 years are
 
encouraging. The Oceanic Institute through this research
 
has not only made significant progress on this particu­
larly difficult and complex problem, but has assumed
 
a prominent leadership role in the field and is nbw in
 
position to make a breakthrough of major importance.
 
If AID support is not continued the momentum of this
 
activity will be lost as well as much of the technical
 
expertise of this team pertaining specifically to milk­
fish. 

The substantial increase in the budget over last year 
ls attrtLbutable to a substantial increase in the personnel 
roquLred to focus necessary attention on this research, 
the travel and personnel requirements related to additional 
field work in the Philippines, and new holding facilities 
to increase available numbers of experimental adult fish. 
Although important progress has been made with about 39 
man months of effort, the completion of the research will 
require an increased level of scientific input (about
•156 man months) because of technical and logistical diffi­
culty of the research. 
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2. jResearchpu rpomje and Yxpcted Products 

a. Purpose 

The purpose of this project is to learn how to increase the potential

for effective controlled production of young milkfish upon which mature fish pro­
duction by small farmers must be based.
 

b. Objectives and Expected Products 

The overall objective is to learn how to supply an adequate and pre­
d1btable quantity of juvenile fish to the fish farmers. Specific objectives are:
 

(I) To induce spawning of milkfish in captivity econom­
idally uid do so over long periods.
 

(2.) To discover specific pathological effects of stress
 
and handling and to prevent or overcome these effects.
 

(3) To learn how to increase egg production and the
 
larvae survival rate.
 

(4) To learn how to increase hardiness of larvae and
Juven i I v'.- . 

(,,) lO dvievelop h didling Lechniques for Juveniles that
 
will assure low mortality in the fariers' pens.
 

Present fish-farming practice is largely based on collection of wild juveniles
from natural sources, a costly, unpredictable, and ultimately destructive approach. 
Collection of milkfish juveniles by such countries as the Philippines, Indonesia, 
and Taiwan is enormous, estimated at 160 million per year for Taiwan alone. It 
is estimated that the annual production of 2, 000 metric tons of mature grey mullet 
In Taivan involves an annual collection of 10, 000, 000 juveniles from coastal 
waters. Japan has set an annual catch limit of 31 million juvenile yellowfish; a 
similar limit on young eel catch has caused Japanese'eel farmers to scour the 
world for seedstock. Crude calculation suggests that the modest goal of doubling 
farm fish production, to some 15 million tons per year, might require capture of 
some 100 billion juveniles per year, under the optimistic assumption of a one-. 
third survival rate to maturity. Natural populations unquestionably cannot sus­
taih juvenile catches of this magnitude. 

Although an interrelated set of factors are involved, the technical constraints 
to managed juvenile fish production fall into two categories: brackdshwater parent
fish which reproduce only in the sea, and excessive mortality of very young fish 
larvae. The first problem must be solved if brood fish are to reproduce under 
man-controlled conditions, and to find the solution to the second problem--or
indeed to any kind of production of seedstock fish in captivity. Since such re­
search is somewhat species specific, it will be necessary to investigate most 
parameters for the milldish even though much of this is known for the mullet. 



t.ear'hb, )arg,-ly by th. principalts of this project, primarily with mullet 
apecios, ha gore a long way toward establishing feasibility of solving the first 
type of problem. In this project what has been learned will be applied to the milk­
fish. They have been able to induce spawning over much longer than normal peri­
ods by manipulating such external environmental parameters as water quality, 
diet, hygiene, temperature, salinity and light. Salinity alone appears to be the 
principal factor causing fish to go to sea for breeding purposes. Regularly in­
duced spawning has been achieved by use of salmon hormones. The investigators 
have found considerable promise from use of human hormones, and the very much 
cheaper hormones from several other mammals. however, a number of ,nviron­
mental variables appear strongly to influence physiological changes in the pituitary 
gland and to stimulate gonads to time-controllable maturity. This study would 
clarify those variables in quantitative relationship to their effects on !',production. 
Once these relationships can be sufficiently understood and controlle4i: continuous 
fish larvae production systems can be established. With other support research 
will be consistent on the mullet to complete the understanding of how to husband 
the fish to market and in broods. 

Similarly, the principals in the project and others have made considerable 
strides toward understinding the biological mechanisms, and their relationships 
to environmental factors, which result in the extremely high mortality ratios of 
fertilized eggs and fish larvae. Relationships to larvae survival of a large num­
ber of variables--especially temperature, salinity, pH, oxygen, light, and food 
supply--have been observed and catalogued. The principals in the project have 
observed a key variable to be the osmo-regulatory system of the larvae, by which 
body fluid balances are maintained. In fact, it would appear that several of the 
other noted variables are associated with survival not so much directly as via 
their cffcct on body fluid supplies.- Clearly quantity and type of food intake and 
salinity of the environmental water have direct bearing on body fluids during the 
first critical days when the larvae are unscaled and most mortality is effected. 
Simply stated, it is their hypothesis that it is primarily through finding means of 
supplying "drinking water" of the right types and quantities, through the right 
means and at the critical times that the excessive mortality can be reduced. 

To the extent possible during fish breeding, a selection will be made of 
brood fish of propensity toward higher larvae survival rates and other good 
breeding qualities. 

If the two sets of problems outlined above can be solved, controlled produc­
tion of juvenile seedstock fish can be made a relatively modest cost component of 
the entire aquacultural enterprise. The numbers of larvae produced per fish are 
so enormous that the numbers of brood fish required for continuous production 
would be relatively small. Also, rearing of larvae to the size now normally cap' 
tured as fish stock would require relatively modest-scale facilities in relationship 
to the ultimate mature fish production enterprise. 
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The study will determine factors and procedures 
neotsaiuy to reduce mortality and improve performance 
" ' .irou gh dellI w to h int'; and.tit' JUivenlt,s yery t't v , 

stul:e; ,to 1%1,1t. p dilt'l I I i l' . I Lt': .vo 

3. Relevance uid Significance "f Proposed Work to A.I.D. 

a. Significance
 

The high priority given by the Agency to improve
 
nutrition, particularly of low-income groups, needs no
 
reiteration. Development of highly efficient'aquacultural
 
systems very directly and importantly serves that objective.
 
Aquaculture of this type in Southeast Asia and in -the Philip­
pines is normally highly labor intensive and thus provides
 
*a realistic opportunity for increasing protein availability 
to rural and urban poor of the region while at the same 
time increasing income to the small producers. Land used 
ror t'ish culture can be space essentially unused for food 
produ.t~ion---Tmarshes, land with saltladen soils, brackish 
and .-altwater streams, estuaries and sea shelves. Many 
of' t.he suitabLt. sites are publLc lands or waters available 
to t.h, rural poor who own no land. The most rapid recent 
vxpansion ot" milkt'Lsh farming has been labor intensive 
pen kulture in natural waters utilizing bamboo cages, and 
requLring little capital. Fish production is well suited
 
for small pond and ..
small land holdings as well, and with
 
high Labor inputs yields as high as 24,000 lbs. of fish
 
per acre have been achieved.
 

In addition to the general benefits of fulfilling a
 
major aquaculture void, a successful project will first
 
contribute significantly to local and then national
 
domestic need for animal protein which cannot be met by
 
Land animal production. In the long term such a project
 
would contribute to maintaining low and stable prices
 
or fry or juveniles, and subsequently harvested fish.
 
The planning and development of hatchery and nursery centers
 
are the national priority of many countries which are de­
pendent on aquatic animal protein to meet minimal popu­
lation requirements, and which are facing annual shortages
 
because of natural and environmental influences.
 

The Agency has recognized, through its Fisheries Division
 
in the Technical Assistance bureau (Agriculture),and in its
 
Overseas Missions, the importance of integrating modern
 
technical research and development in aquaculture with the
 
traditional practices of subsistence fisheries in the LDC's.
 
The opportunities for increased gain are substantial, but
 
the technology has to be "packaged" before application in
 
the field.
 

Best Avallble Document
 



b. Side Effects 

Environmental side effects are predominantly beneficial. There Is the 
minimum tradeoff with hud .mimalproduction ns aquaculture mostly occupics non­
agricultural land, but does coinpete for fertilizer and, in some cases, raw mate­
rials for feed. Aquaculture is labor intensive n certain seasons, but Is similar 
to agriculture for the rest of the year. Aquaculture complements the utilization 
of agricultural waste, a problem presently affecting modem intensive aquaculture, 
but not rural agriculture of the LDC's where the two have been integrated for 
centuries. 

Any aquaculture projects closely complement.the other concerns of the 
Agency as they are directly concerned with food and'energy requirements, and 
the status of the poor in the LDC's. Primarily aquaculture is concerned with the 
production of directly utilizable aquatic animal protein in the immediate vicinity 
of a needy village community, and by methods which have been traditional to the 
community for many decades. There is the added benefit of labor and income 
both to the individual and to the community. 

4. Relation to Existing Knowledge 

The countries of Indonesia, the Philippines, and Taivan are the three main 
centers of mllkdish culture. The traditional practices in Indonesia (about 350 
kg/ha per annum) and the Philippines (O00 kg/ha) are less productive than the new 
techniques for management currently being developed in Taiwan (over 2, 000 kg/ 
ha). However, for all three nations the main constraint is the nonavailability of 
the young f ry, and this is very evident in Taiwan which for many years imported 
fry from the other two countries. In the Philippines, the annual deficiency of fry 
is estimated to be over half a billion, and in Taiwan the need is of lesser magni­
tude but still numbering in the millions. 

The current interest in milldish has therefore added to the very scant back­
ground knowledge of the species. Most of the literature contains references to 
farming practice and fertilizer application, and general biology and natural his­
tory. Only in the last few years has specific information been added due to some 
independent studies on breeding and holding adult stock in the Philippines, Taiwan, 
and Hawaii. Currently, egg and larval surveys are being conducted in Thailand 
and South India, and there is a UNDP-suppoeed project involving milkflish in 
Indonesia. 

Without making specific references, information Is now being accumulated 
rapidly in the following areas. Note that reference to Hawaii mostly indicates 
Agency-sponsored work.
 



a. 	 Behavior and Blo-ecology in Nature 

Taxonomic data is being accumulated from a number of sources which
indicate racial differences. This is being reinforced by electrophoresis of eye
lens proteins and isozymes. Migratory pathways of the adults are being followed 
by telemetry, together with oceanographic conditions and preferences of the fish 
for spawning. Age and growth data are being collected universally in addition to 
feeding requirements. 

b. 	 Egg and Larval Sizrvevs 

Plankton surveys from milkfish"regions are being reviewed for eggs
and larvae of millkish. Predominantly these took place in Southeast Asia, but 
new surveys are being planned. The need is to define spawning grounds and to 
verify 	or deny unsupported observations. 

c. 	 Maturation and Reproduction 

Data on. reproductive physiology of the fish are all recent. Work is
predominantly being conducted in Hawaii, Taiwan, and the Philippines. Details 
are being provided on gonad development for both males and females. Preliminax 
induced spawning is being attempted at all three places with hormones. 

d. 	 -Egg Incubation and Larval Rearing 

Only very old information is available on egg incubation and early
laral rearing. New data await the success of induced spawning. Rearing of fry
after the yolk-sac stages is well established and traditional but can be improved
by better handling and distribution techniques. 

e. 	 Predators, Pathology, and Physiology of Stress 

Nothing existed on milkfish pathology or physiology of stress in the
literature until recently. Present work is being conducted in Hawaii and the 
Philippines. Information of a general nature was available on parasites. 

f. 	 Hatchery Technology 

The technology for hatchery production of brackishwater fish species 
of interest to LDC's is being developed in Hawaii, Taiwan, and Israel. 

5. 	 Relation to Other Related Projects 

The project directly complements other Agency activities in fish culture 
integrating the emphasis on brackishwater fish with that of the freshwater fish 



prrijects undertaker. by the Ir;ternational Center for Allied
Aquacultures at Auburn University, Alabama. 
With the sup­port of the Auburn Center. the Agency has concentrated
 
strongly on improving the freshwater fisheries of CentrrAl

and South America, and in Africa. Support to the Agency

by the University of Rhode Island for coastal 
zone fisher­.ies and production economics add to the Agency's increasing

emphasis on aquaculture development. 

These three institutions maintain close contact on
t'.shvries topics. p. iticularl-y in working o, areas of key
const-raints. 

The International Center of Auburn 
through its involve­ment with the Agency-backed University of the Philippines

Inland Fisheries Project, is involved in pond management

for improving milkfish production, and is undertaking
studies on fish migration.
 

Through its 
support of the Oceanic Institute in Hawaii,
the Agency is indirectly assisting__the joint cooperative
program developed by the International Development Research
C nt.er and the Southeast Asidn Fisheries Development Center
in, the- Philippines. Contributors to the program are indi­
vldual., Vrom pi'oje'ts supported by the Taiwan Fisheries

Resenrch Institute, the University 
 of the Philippines, the

Phil Lppine CoMcil for Agriculture and Resources Research,

the.' Philippine Bureau of -Fisheries and Aquatic Resources,

tWhe Hawaii Institute of Marine Biology, the Central
Fisheries Research Institutes cf India, the Shrimp Culture
Re.search CenLre or Indonesia, Thailanid Department ofFilohertes, and the Ichthyological Society of Japan. Many
of these projects are 
backed by funds from international
 
deve lopment agencies.
 

Finally, and most important, the Agency'interest in

aquaculture closely parallels the objectives of the newly

established International Center for Living Aquatic
Resources Management. The new organization has a stronginterest in the production of aquatic animal protein through
the propagation and farming of the brackishwater fishes

important to the LDC's,. Many of the brackishwater fish
species have similar breeding problems. The culture of
miLkfish in Hawaii and elsewhere will be of direct impor­
tance to 
the entire brackishwater fish and farming move­
ment. 
 The core of technical personnel supported by the

Agency in Hawaii can be the nucleus of a technical group

applying research and technology to a much wider range of

brackishwater species and coastal 
aquaculture production

problems working in association with the broader objectives'
 
of ICLARM.
 



6. Research ProJect Design and Methods
 

a. Design Procedure and Tasks
 

The research project design and methods of approach
for most of the contract have been specifically identified 
In the first contract (AID/TA-C-1189). As has been demon­
strated in both the annual reports and in scientific pub­
lications resulting from the initial phase of this research 
correZt experimental procedures have been stressed and 
experimental designs facilitating 5tatistical analysis of 
results are used routinely. In instances where only a few 
experimental animals have been available only preliminary

trLaLs have been possible. These trials have lead to the 
establishment of' appropriate ranges of parameters to 
be examined in later properly designed experimehts. 

The research tasks to be addressed under this
 
contract are as follows:
 

(1) 	Establish broodstock in captivity.
 

(a) 	Collection of increased numbers of mature
 
fish in season (at. sea).
 

(b) 	Collection and growing-on greater numbers
 
of immature fish (from brackishwater
 
ponds).
 

(c) 	Collection of migratory fish (from known
 
runs).
 

(d) 	Development of broodstocl husbandry.
 

(e) 	Holding,. handling and sampling large fish.
 

(f) 	Identification of broodstock individuality.
 

(g) 	Year-round breeding through environmental
 
control.
 

(2) 	Establish conditions for spawning.
 

(a) 	Determination of natural spawning conditions
 
(through location of spawning sites)
 

(b) 	Simulation of spawning conditions in
 
laboratory (by environmental control)
 

(c) 	Attempt spawning without hormone treat­
ment (by behavioral responses).
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W,) J11duce zopawriing by hormone, injetionwas to: 

(a) 	 Define the optimum induced spawning
 
procedure (for salmon gonadotropin,
 
specifying correct time for treat­
.ment, dosage, dose rate, response. etc.).
 

(b) 	Determine cost effectiveness of readily
 

available hormones.
 

Experimen.ts will include:
 

i. 	 Determine natural reproductive 'physi0orogy 
(for both sexes) 'from immaturitv., 

ii. 	 Determine responses to hormone treatment;
 

iii. 	 Test reactions to salmon pituitary gonad­
otropin.
 

iv. 	 Test reactions to other cheaper hormones.
 

(4) Improve survival of larvae in laboratory. 

(a) 	 Nursery I (Day 0 - Day 21*) development
Definition of Nursery I rearing procedure
 
with recommended facilities, food and food
 
density,, rearing'density water quality

and external environmental conditions
 
etc.
 

(b) 	Production high survival (%) from avail­

able 	eggs.
 

(5) 	 increase hardiness of larvae to j'uvenile stage.
 

(a) 	Nursery II (Day 21 - Day 50*) development

Definition of Nursery II rearing pro­
cedure with recommended facilities, food
 
and food density, rearing density, water
 
quality and environmental conditions.
 

Juveniles larger and healthier than those 
caught and distributed by the existing
 
farming operators and expected products.
 

(b) 	Economics of operations--low cost of
 
juveniles.
 

* An 	 estimated stage differentiation. 



(6) 	 Improve, handl i, and husbandry of juveniles. 
I1. (.i I: .in ot juveniIe:, Nursery1mtpre'i,: I 	 from 

1J.facllities. 

(b) 	DeveLop sare transportation methods. 

i. Develop safe procedures for mass 
4ollection and transportation of
 
nursery stock. 

ii. 	 Recommend optimum econom.c transfer 
method for fry distribution. 

T'ht, new contract proposes to extend the project with 
t.h,, Volowing speeific tasks in years FY 04 and SY 05. 

(7) 	 Conduct peactical pathological treatment to eliminate 
handling stress and mortalities and reduce diseases
 
of captive stocks. 

(a) 	 Routine examination or autopsy of-all fish 
for background pathology. 

(b) 	 Conduct diagnostic tests using modern 
histological and biochemical clinical 
methods.
 

(c) 	 Pursue related research toward practical 
application for the hatchery and the 
farme r. 

(8) 	 Commence tracking wud tagging operations in the 'ield. 

(a) 	Examine existing plankton collections in Hawaii
 
and conduct systematic plankton survey. 

(b) Capture, tag, and track adult fish and syn­
chronize plankton tows,
 

(c) 	Conduct large tagging trials in the Philippines.
 

(9) Conduct experimentation on breeding in the field.
 

(a) 	Assemble annually a team to work in the field
 
responding to individual seasonal availability

in the Pacific Islands and Southeast Asia, 

(b) 	Design field units for a mobile task force in­
vestigating breeding locations.
 



(10) Establish a cryogenic unit.
 

(a) 	Collect and preserve sperm.
 

(b) 	Test periodically for viability.
 

(II) Begin hatchery development.
 

(a) 	Site selection survey.
 

(b) 	Engineering drawing and design.
 

(c) 	Construction planning.
 

b. !'aks, Targets. and Milestones 

See Figure L.
 

c. Resources Required
 

The staff resources required are those which would con­
stitute a multidisciplinary team of scientists, technologists
 
engineers) and practical culturists. Briefly, the elements
 
are: 

i. 	 Reproductive physiology-requiring a Ph.D. team
 
leader supported by three research assistants
 
concentrating on physiology, histology, bio­
chemistry. cryogenics, and hormone studies.
 

Ii. 	Fish culture - requiring a Ph.D. team leader 
with a research assistant responsible for research 
projects in larval bioenergetics, larval nutrition 
environmental regulations, and rearing facilities; 
together with a research associate responsible for 
production and husbandry, supported by three 
technicians and/or fishermen. 
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Figure 1. Project timo chart. 



iii. Pathology - requiring a Ph. D. team leader and a researchassistant responsible for the health and care of the fish and re­
search aspects related to the project. 

iv. Engineering - requiring a certified engineer team leader sup­
ported by a junior engineer for equipment development, hatchery
technology, aund implementing hatchery development. 

v. Coordination and direction - requiring a Ph. D.. project leader 
to coordinate the teams to be directly involved in at least one 
aspect of the research, and for overall responsibility for field 
application. 

Overseas cooperation would be necessary by at least one technical aquacul­tuR group. Liaison between the group(s) would be made through the Agency
centers and some of their established technical support. For example, in the
Philippines, the work could be linked through the UP. IFP Project funded by the

Agency and involving Auburn University aquaculture staff as technical advisers.
 

The cost of continuing the project which was established first in 1975 (FY 01)into 1978 and 1979 (FY 04 and 05), including the addition of five new elements to 
the original six elements, is $912, 040. 00. 

7. Contribution to Institution Bulding 

In most developing countries, existing aquaculture centers are extremely
smalL1 with limited facilities for research or pilot-scale operations. Few have
interdisciplinary teams of workers or the equ.,pment for advanced research. Con­
sequently, few are able to undertake the long-term research and development
programs which keep a team together. Even in countries like the United States,
whero funding is much easier comparatively, it is recognized that excessive dif­
fusicn of research funds negates the quality and intention of the work. 

The high-priority research problems in aquaculture in most regions of theworld have been formulated many times by expert groups. Within the limits ofthe available funding resources, a few existing institutions in the developed world 
are ttempting to undertake work on some of the problems. Recognizing that none
of the existing institutions have the capability to carry out research on all or even 
a number of the problems, there is a need to establish a few centers of scientific,
and technical expertise with a critical mass of staff and facilities. These centerswill concentrate their efforts on major problems of general regional and 



inter-regional importance, implementing the results in cooperation with institu­

tions in the LDC's through demonstration and training; that is, by developing the 

packaged technology in technically advanced countries and applying it directly in 

the field. 

The increased support of this project by the Agency will help create a tech­

nical group -capable of backstopping a number of seed production p rograms. It 

will increase the overall competence and efficiency of the personnel, and assure 

raooe cffectlve utilization 6f cqi'ipment, facilities, and instrumentation. As a re­

sult, it will provide the Agency with another center of competence in aquaculture 

and fisheries, together with the Intenatlonal'Center for Allied.Aquaculture at 

Auburn University and'the University of Rhode Island, capable of applying present 

and future Agency projects in the LDC's. 

8. Plans for Utilization 

The principal utilization potential lies in a country-by-country effort to 

select key opportunities for aquacultur.l-de6VIl-ment and tying them appropriately 

for technical support to these instituti6nal e.xertise centers, once the aspects 

limiting the husbandry of the fish are learned. TAB is investing a major effort in 

support of this effort, particularly toward efecting the necessary integration of 

offort and experience 7hmong the research centers and between them as a group 

and the nquacultural programs of individual LDC's. 

The HtIC's Interest. In aquaculture is growing rapidly. 0nc 

is underway in the Philippines undernep~r..:'itvy countLry el't'ort 
th' griteral technica1i assistance tutelage of Auburn University; 
It' economic or marketing problems become central. Oceanic
 
will solicit Rhode Island's cooperation.
 

a
Brazil is developing, also with assistance trom Auburn 


research and development center which Brazilians hope .canbe
 

a center of support for aquaculture in abutting countries if
 

not, indeed, for the continent. Colombia, Vietnam, Laos,
 
active growing programs.and others have 

The Rockefeller Foundation has established an international
 

center to concentrate on problems in aquaculture and artisanal
 

fisheries, and the International Development Research Center
 

of Canada is supporting pilot-level production and training
 

aspects of fish farming in the Philippines. These are all
 

complementary projects to the present efforts by the Agency.
 



The :3taff and research approach to aquaculture by the Oceanic 
Institute are both interdisciplinary. The program proposed by
the institute will fulfill the basic research and development
priorities for nll aspects of"juvenile milkfish production mid 
d ist ribut.Lon. The pro-sc=nt work is l'undamnen t.al to tlhe eft'e&t.ilve­
nost" oI' Auburn and Rhode Island in oalLwatevir and brackishwaLeL, 
up'odue Liuon ss Lems. 

The Oceanic Institute supported a five-year study on the artificial propaga­
tion of the grey mullet, Muzil cephalus, supplying one-third matching funds to 
annual grwnts from the Office of Sea Grant (U.S. Department of Commerce, NOAA). 
The support was terminated o6 July 31, 1975. The overall cost of the program
has been $906,900. The Office of Sea Grant considered that the Oceanic team 
achieved its goal of developing induced spawning techniques and improving larval 
survival to a stage where the methods could be transferred and utilized for other 
more commercial species. Work on this species is being continued on funds pro­
vidbd by the International Center for Living Aquatic Resources ianagement to 
implement mullet hatchery technology in the LDC's. 

The aquaculture team at the Institute is recognized internationally as a lead-
Ing authority on induced spawning and artificial propagation of brackishwater 
species, pa'rticulrly the mullet. Letters from people in both developed and de­
veloping nations come continually to the Institute asking for training and instruc­
tion in the methodology. 

Other recognized experts in the field are the staff of the Tungkang Fisheries. 
Research Station in Taiw.an, wvith whom the Institute staff has worked closely over 
the years. The two organizations have. piroduced the majority of 
teclnical reports mid procedural manuals on the artificial 
propagation of a brackishwater fish.
 

Few other aquaculture organizations could take on the artificial propagation
 
program for milidish without major investment and relocati6n of key and experi­
enced personnel.
 

Dr. 11. Burr Steinbach, until recently Dean of the Graduate School of Woods 
Hole Oceanographic Institution, serves as President of the Oceanic Institute. 
Dr. Colin E. Nash, Director of Research, and Dr. Ching-ming Kuo, head of the 
Aquaculture Division, under whom the research project will be carried out, have 
extensive research experience in the problems addressed by this project. They 
will be supported by other senior researchers including Albert C. Smith, Ph.D., 
M.D., and Guy N. Rothwell, Jr., B.S., C. E. 
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The Oceanic Institute's physical facilities are modest
 
tut adequate, consisting of a cluster of wooden framed
 
buildings of various sizes adjacent to the sea in Waimanalo
 
Hawaii. Its 3,600-square-foot principal laboratory houses
 
aquaria, larval. chemistry. microbiology) histology) micro­
scopy, and controlled water-temperature laboratories. Other
 
buildings contain an electronics lab. photoperiod lab, .office
 
spacc, library, and training facilities.
 

The Institute obtained in 1976 an appropriation from the
 
State of Hawaii for $300,000 to complete a fish hatchery for
 
marine and brackishwater propagation. Plans are being com­
ploted and construction will start in 1977. This-will be a
 
key Cocal point for fish culture work in the Pacific and has
 
direct relevance to the aquaculture needs of LDg's everywhere.
 

10. Overall Cost Estimates (combined Hawaii and field projects)
 

See following tables.
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FISCAL 1979
 

Salaries 
Overhead 

& Capitol
Icins Su'ndie5 

Travel Travel 
Local &-US .:Ovcrscas Publications Conti.ants TOTAL 

1. Broodntock 41,507 6,000 6,500 2,300 500 56,607 

2. Spawn Conditions 5,499 5,199 

3. Induced Spawning 95j 692 1,500 3,000 1,600 500 102,292 

4. Larval Survival 45,888 1,000 46,88 

5. Larval, Rearing. 40,362 500 40,862 

6. Husbandry 33,266 2,000 3.5,266 

7. Pathology 58,286 500 2,000 800 1,000 62, 586 

8. Tracking 39,-828 1,000 600 3, 500 500 2, .500 48, 123 

9. Field Breed-ng 13,236 1,000 3,500 1,500 19, 236 

10. Cryogenics 10,301 1,800 12, 101 

11. Engineering 12,078 3,200 3,500 500 19,278 

.395, 943 8,000 22,000 5,500 10,500 3,000 4,000 448,943 
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11. Work lan and Contract Budget 

Item 1 - Establish Broodstock in Captivity 

a. Collection of mature fish in season (at sea) 

We have so far collected by various means a total of 120 adult milkfish, of 
which 50 survive. Adult milkfish will continue to be collected from coastal bays 
and harbors in Hawaii using well-developed capture and transport methods. Cap­
ture at sea, while not now possible with present gear or staff, will be pursued in 
cooperation with NMFS and other agencies which have greater resources (e. g., 
large ships). 

Continued efforts to improve handling methods of adult fish will be made. 
Specific work will be directed toward improving survival of the fish during trans­
port.by using anesthesia, temperature, and salinity. A further reduction in 
stress levels would be expected to increase survival of wild adults and juveniles 
above the present 50% level. A doubling of the number of adult fish from the 
present 50 is a primary goal of the capture program. 

b. Collection and growing-on of immature fish (from bracktshwater ponds) 

We have collected (with no significant losses) 100 first-year-class juveniles, 
plus an additional 100 subadults. Immature fish will continue to be taken whenever 
encountered. Methods to ensure high survival of adults and juveniles will be im­
proved further. Colldction of these fish will be primarily from fishponds. Juve­
niles and fry will be stocked in ponds at 0.1. for growing out to ensure a satisfactory 
supply of research and broodstock animals for the next program years. Present 
stocks of Juvenile and subadult milkdish will be doubled pending increased pond 
capacity. 

c. Collection of migratory fish (from known runs) 

Liaison with the fishing community in Hawaii has been established and 0. 1. 
will continue to e.%loit information regarding spawning and migratory patterns of 
the millkfish. Collection of fish from migratory pathways in Hawaii will be ex­
pected when and if such runs have been identified. 

d. Development of broodstock husbandry 

Diet requirements ;-ill be defined through laboratory and growout experi­
*fents. Cooperation with other laboratories such as HIMB which currently have 
niecessary facilities for laboratory analysis will occur. A satisfactory prepared 
Leed for milkfish is expected. Growout trials in ponds will be conducted at 0. 1. 
.,nd, as opportunities arise, in association with various pond owners throughout 
the State. Disease and parasite control will be an important aspect of the hus­
bandry work. Prophylactic methods have been developed and will be further 
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defined. This portion of the work is closely linked to the patholow program and
will 	be emphasized. A manual will be written, with a p:reliminary draft available 
for review on 1 March 1978. 

e. 	 Holding, handling and sampling large fish 

Further development of techniques and methods to handle adult milkfish so
 as to reduce stress. and elimnate injury and mortality will be made. Adult fish

(>3 kg) are present handled by hand using a restraining box developed during

1976. This device restricts movement and'facilitates weighing, tagging, gonad
sampling, and hormone injection without anesthetization. Continued improvements
will be expected. 

f. Identification of broodstock individuality 

Two years' experience with physical segregation, fin clipping, and plastic
identification tags has shown that-wtle fir clipping has short-term utility, acombination of segregation and tagging is necessary in the long term. Work with
plastic tags will continue, leading to recommendations for tag type and method
 
of application.
 

g. Year-round breeding through environmental control 

Regimes for the extension of the reproductive cycle throughout the year byenvironmental control will continue to be developed. Definition of environmental 
parameters required for spawning will enable us to more critically control the
maturation of the fish out of season. Behavior of broodstock animals will con­
tinue to be studied in the laboratory under photoperiod and temperature control. 

Item 2 - Establish Conditions for Spawning 

a. 	 Determination of natural spawning conditions (through
 
location of spawning sites)
 

An electronic fishtag has been developed, and data on inshore currents in
Hawaii have been compiled. Subject to the success of the tagging trials scheduledfor summer 1977, and/or to obtaining notice of observations of a milkflsh spawn­
ing event, a small-scale survey of the physical, chemical, and biological proper­
ties 	of the spawvning location will be made by 0.1. personnel. The results will beused directly in adjusting the appropriate parameters of the various induced 
spawning experiments. 
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b. Simulation of spawning conditions in laboratory (by 
environmental control) 

Experiments on induced gonadal development by manipulation of environ­
mental conditions (photnpeiiod of 18L/GD, water temperature of 268 C) were 
con­
ducted from January 1976 to December 1976. Two sets of salinity (32 O/oo and
10-12 0/oo) were examined. Inadequacy of nutritional supply to these experiments 
was identified as a serious problem. It is planned to emphasize nutritional and
physical conditions in future experiments. The conditions for gonadal maturation 
will be refined as the attempts continue. The.overall results will be reported at
the end of 1979. If environmentally induced maturation proves possible, the best 
conditions for gonadal development will be established. 

c. Attempt spawning without hormone treatment (by 
behavioral responses) 

Observations on the possibility of spontanr'ous spawning of milkfish in con­
finoment have been made in 1975 and 1976. No positive indication was obtained. 
The attempts will be continued by modification of physical conditions whenever 
mature females are available. The priority of breeder usage will be given to the
hormonal induced spawning in order to achieve artificial propagation of millish
fry 'as soon as possible. Once the possibility of spontaneous spawning in captivity
has been observed, the results will be reported. 

Item 3 - Induce Spawning by Hormone Injection 

a. Define the optimum induced spawning procedure (for salmon gonado­
tropin, specifying correct time for treatment, dosage, dose rate, 
response, etc.) 

The responsiveness of mature females to salmon pituitary gonadotropin has
been examined since 1975. Various injection schedules and dosages were tested. 
The response of treated females were followed individually. Asynchronism of 
egg hydration was observed and premature spawnings were repeatedly obtained.
It is anticipated that human chorionic gonadotropin will be more effective to in­
duce spawning, if fully ripened eggs can be assured. The technique of artificial 
fertilization will be examined. To test this possibility, a group of three 0.1.
staff is planning to join the SEAFDEC/IRDC team at Pandau, Philippines, in
April 1977. All the results will be reported and a procedural manual of inticed 
breeding of milkfish will be published for technology transfer use. 



b. 	 Determine cost effectiveness, of readily available hormones 

As a standard induced spawning teclique is established, search for alter­
native nd onies and/or drugs will continue. Feasibility of any available hormones 
will be examined on the basis of effectiveness and cost. 

Research on the mullet is continuing. The. results are readily,applicable to 
the mllkfish. 

Item 4 - Improve Survival of Larvae in Laboratory 

a. 	 Nursery I (Day 0 - Day 21*) development 
Definition of Nursery I rearing procedure with recommended 
facilities, food and food density, rearing density, water quality, 
and 	external environmental conditions, etc. 

Nursery methods will be developed for Nursery I using, as a starting point,
the 	methods proven successful in rearing grey mullet larvae. Similar food items 
and 	densities will be varied to accommodate milkfish requirements in a multi­
variable investigation of water quality and nutritional parameters. 

If this investigation is successful, experiments to test artificial foods for 
larval rearing will be conducted and food requirements will be defined. Coopera­
tion with the NMFS and other workers in nutrition is anticipated to provide alter­
native feeds at less cost than is now possible with live foods. 

b. 	 Production high survival (%) from available eggs 

The procedures developed for Nurrsery I will be implemented to demonstrate 
a technical ability to successfully raise milkfish larvae with high survival. 

Survival rates of mullet using both extensive and intensive rearing methcrds 
range from 2.5% to 20% by day 21. These methods will be applied to milkfish 
larval-rearing efforts, with the goal of similar survival rates. 

Item 5 - Increased Hardiness of Larvae to Juvenile Stage 

a. 	 Nursery I (Day 21 - Day 50*) development 
Definition of Nursery II rearing procedure with recommended 
facilities, food and food density, rearing density, water quality
and environmental conditions 

As for Nursery I, nursery methods will be developed to be utilized in rear-
Ing Nursery I[ milkflish to juvenile stage. These methods will expand upon 

t'An estimated stage differentiation. 
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current literature and observations on the rearing of mnilkfish larvae at the 
Oceanic Institute and elsewhere. 

Evidence suggests that milkfish larvae differentiate at the third week after 
which they are able to feed on algal foods. As with Stage I larvae, work will be 
directed toward defining the best food specics, densities, fry density, and water 
quality requirements. The goal for this work will be juveniles which are larger
and healthier than wild stock and of a consistent size for stocking. 

b. Economics of operations--low cost of juveniles 

When rearing procedures have been outlined sufficiently,, a cost .valuation 
will be made to explain and improve upon cost functions in rearing millkfish. 

Item 6 - Improve Handling and Husbandry of Juveniles 

a. Improve collection of juveniles from Nursery II facilities 

Improvement of juvenile collection from Nursery II facilities will be based 
upon consolidation techniques now being evaluated for mullet larvae. These will 
include physical crowding mechanisms, use of photota.xis on both the juveniles
and food organisms, and directional currents and salinity gradients. 

b. Develop safe transportation methods 

Current handling and collecting techniques in Taiwan, Indonesia, and the 
Philippines will be reviewed. Methods employing least cost and ensuring great­
est survival will be examined and compared with known tolerances and require­
ments of the fry. Further definition of life support requirements will be made. 
Equipment and procedures developed or adapted will be reported on. 
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Item 7 - Conduct Practical Pathological Treatment ($ 68,481 & 62,586)
 

a. Routine examination or autopsy of all fish for background pathology. 

All Millkfish, whether ocean or pond captive or fish maintained on site, willbe routinely autopsied. In adLltion to standard autopsy procedures with body organs,particular atttention will be paid to new pathogens. Hecords of such will continueto be filed with the Smithsoniafi'Institution (as presented In 1976). Information of
 
a general pathology nature will be published, possibly In the form of Information

leaflets. End results (though continual) will be an extensive description ofnaturally occuring pathogens which effect milkfish of all ages and origins. 

b. Conduct tests using modern clinical methods. 

Now methods for detecting pathogens will be developed using relevant medical
techniques. Continued attention will be paid to the pathogens known or thought tobe relevant to the condition of nervous stress, as reported in 1976. Treatments will beapplied to both newly caught and resident fish, and also tested during specific
experiments designed to encourage stress among resident stocks. The results willbe published as developed. End results (though continual) will be substantialpathological data on the stress factors of milkfish and other brackishwater fish,
and a practical improvement in the handling capabilities of live adult milkfish forcaptivity and breeding. A target milestone by the end of the project would be a
50% survival factor during induced breeding handling. 

c. Pursue all related research toward practical application for the 
hatchery and the farmer. 

Undertake basic research where it will be relevant to the safer handling andmaintenance of milkfish. Cooperative work will be maintained with the pathologylaboratory of St. Francis Hospital, and the Hawaii College of Tropical Agriculture.
Material for research has and will continue to be derived from both captive andwildstock of all age groups. End results (though continual) will be substantial
pathological research data reported as it develops. 1esults of a practical nature
will be Interpreted and printed as Information leaflets. 

Item 8 - Commence Trackin and Tigging Operations in the Field. ($ 53,627 & 48,128) 

a. Examine existing plankton collections in Hawaii and undertake new tows. 

Extensive plankton collections exist at the Hawaii Institute of Marine Biology,the NMFS Honolulu Laboratory, and the University of Hawaii Department of Marine 
Biology. 
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These collections %villbe examined to determine if they have been recorded

sufficiently site and time specific to give clues to milkfish spawning grounds in

Hawaii. If this looks promising, 
an attempt will be made to identify mlikfish eggs
and larvae in selected samples, and to rclate the data developed to geography,
 
season, and ocean currents. 
 The results of this work will be reported in a paper
on or about January 197S. During the summer of 1977, tows will be made near

Kaneohe Bay to look for milkfish eggs and larvae from this year's season. 
 Results
Ill be reported on or about JAnuary 1978, along with data above. 

b.. Capture, Tag, and '11ack Adult ish and Synchronize Plankton lb ws. 

Development of the electronic tag circuitry is complete, and it.1s planned
that 50 wvill be made tip by summer 1977. Ten of these will be expended
.during the summer spawning period during trials in Kaneohe Bay to develop tech­niques for attachment and tracking. The goal is to achieve successful tracking of 
at least one school of milkfish including tagged individual(s), to identify the envir­
onmental parameters of spawning locations. Proof of accomplishment will be 
our ability to maintain contact with the tag(s) for a period of several hours, and 
stated parameters at spawning locations. 

If the tracking trials succeed in following a seaward-migrating school,
transects will also be made across the prevailing currents with plankton nets
In an attempt to intercept fertilized niilkfish eggs to learn more of egg incubation
 
and coastal movement of larvae.
 

c. Conduct Large Trials on Location in the Philippines. 

The accomplishment of this item will depend very largely upon arrangements
with and cooperation by existing organizations in the Philippines. No detailed
plans have yet been formulated for this item. We expect that a memorandum out­
lining a planned field operation will have been written, circulated among theInterested organizations, and approved by March 1978, leading to field operations
beginning in that year. 

Item 9 - Conduct Experimentation .)n Breeding in the Field. ($ 15,591 & 19,236) 

a. Assemble Annually a Team to Work on Location in theField,
Responding to Individual Seasonal Demands in the Pacific Islands 
and Southeast Asia. 

In April 1977 three members of the Institute team are being sent at the expenseof the project to work with the SEAFDEC/IIRDC team at Pandan, PhIlippines. In 
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March 1977 a staff member of the Hawaii Institute of Marine niology was comillissont'd
 
to vir1i Palau in (li Trust 'I'r 
 ri y t ma:tkt, rell' lin: ry ollserv:alions on ropoprt'l
lunar spawtlings of 111lll,,lsh. If these 111is/sions are succtssfutl, each year at the 
appropriate time, staff members will be sent to these and other locations to collect
 
mature fish on the threshhold of spawning, 
 and 	subject them to many 'spot-chcck'
injcctions, using gonadotropins, HCG, and prostaglanUi ns, etc. The results will 
be data which will set the range§ for controlled experimentation on captive fish. 
Observations on spawn.ng will also direct construction of future facilities for captive
fish (that is, large units for schooling behavior). The program will also provide 
strong linkages %vithother units in the field (SEAFDEC and MMfrC) and other inter­
national programs (IDRC). 

b. 	 Design Field Units for a Mobile Task Force Investigating Breeding
 
Locations.
 

If reports of accessible spawning schools in the Pacific Islands are confirmed,
the objective will be to collect and transport fertile eggs and emergent fry in large
quantities back either to Hawaii, Palau or the Plulippines. A small portable field 
unit and personnel will be prepared to undertake such a mission(s). Success will be 
accepted if live eggs or larvae are transported to a major fish culture base. The 
end result tthough continual) will be material to advance other program sub-projects
(#4). Another end-result might be a major source of large numbers of active fry for such 
countries as the Philippines or Taiwan. 

Item 10 - Establish a Cryogenic Unit ( $ 13,701 & 19,278) 

a. 	 Collection and Preservation of Sperm. 

Although experiences with other fish indicate that running males can be 
found at most times of a natural breeding season, the numbers (50) of males 
involved might not be adequate to cover all eventualities. Cryogenic methods 
for storing fish sperm have improved sufficiently to be practiced by the project
without extensive research into techniques. A small cryogenic unit will be 
established to collect and preserve sperm from male milkfish. Sperm viability
will bc recorded by standard observations and tests on live fish if possible. End 
results will be directions for the collection and storage of sperm for milkfish,
technical publications, and a stock pile of sperm. 

b. 	 Periodic Testing for Viability 

As an investment for a long term sperm bank, the stored sperm will be
spot-checked and logged for viability using standard observations and spot checks on 
live females. Trials on shipment of sperm will be conducted in atsocation with 



SEAFDEC in the Philippines: The end results will be recommendations for spermbanks (should the practice prove feasible), and their use with genetic programs athatcheries. The data will be publishedi. 

Item 11 - latcherv Development ($ 14,463 & 19,278) 

a. Site Selection Survey 

At this time it is not possible to state with an assurance, where or when amilkflsh hatchery will be Constructed or by whom. The responsibility of the engi­neering group is therefore to gather engineering information from what ever source,and to assemble a design memorandum containing appropriate site selection criteria,hatchery schenatics including space requirements, tankage volumes, water supplyand managcment schematica, and as much detail as possible on such aspects ofbrackish/saltwater fish hatchery design as are not site-specific.we envi s i on the fir s t "ed i t i on" ) *o of this memorandum si e s e i . At tpresent,p e e t 
as complete at the end of June,1978, and available for revierv-and-responses by other workers in the field at tint
time. 
 A seond edition would be published in June, 1979. 

b. Engineering Drawing and Design 

This is properlyaccomplished by professionals in the country of interest,
If such exist, aided b%consultation from our engineering group. 
 Because of thenebulous nature of the eventual hatchery locations, size, owner, etc., we haveprovided only modest allowances of time (2 man months/year) for this category.The bulk of the actual consultation costs should be defrayed from the appropriatlohfor hatchery dcsign and construction, which is outside the scope of the present contract. 

c. Construction Planning 

Working with the International Center for Living Aquatic Resources Management(ICLArIM), the Institute is preparing a Hatchery Design Guide for the breeding andpropagation of grey mullet and (potentially) other brackishw'ater fish. The Institutewill be using this guide to implement construction of a hatchery in a developing countryas part of ICLXnM's program in aquaculture. The project proposes to updatethis Design Guide using the most recent techniques (if available) for the milkfish.A Guide for milk.fish propagation might therefore be available by January 1980. 
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12. Management Considerations
 

Oceanic Institute shall maintain appropriate contacts

with AID on both technical and other contractual matters

affecting the carrying out of this projcet. Questions

involving technical matters) funding and managerial

docisitons will be referred to 
the Fisheries Division

in the Bureau for Technical Assistance (TA;AGR,'F).

Other routine matters will be handled directly with
 
the Office of Contract Management (SER/CM).
 

Periodic project reviews and evaluations will be
scheduled at mutually agreeable times with the 
concur­
rence of the TA/AGR/F Staff.
 

Oceanic Institute will continue to provide .annual
reports to AID and to provide occasional scientific and
technical reports to 
interested scientists and institu­
tions.
 

13. Internal and External Reviews
 

Reviews have been held in May 1966 and March 1977.
Cop les; of reports resulting from these reviews 
 are

aLach d. Reviewers were generally complimentary and

agrved wLth the importance oi' this research. 
 Oceanic
1nstItute has been responsive to the criticisms of thefirst review team and the proposal for continuation reflects 
responses to the second review. Specificallyj new holding
facilities are being constructed to increase the numbers

of experimental adult aninmals available) major emphasis

is being placed on development of hormone spawning

techniques, and research activities will be-conducted in
the Philippines with races of fish most valuable 
to fish

farmers under local environmental conditions. 
 This step
-wiLl significantly increase-the availability of experimental

animals since spawning times in Hawaii and the Philippines
 
are different.
 

14. Proposing Office General Approval
 
The project has a very high rating from the Sponsoring
Office with respect to the importance of the research to


the rural poor in 
LDC's, the quality of the research con­ducted so far under the contract, the significance of the
research findings, and the probability of additional
 
contributions of major consequence.
 

The Sponsoring Office expects a rapid acceleration of
the research with the fourfold increase in personnel. The
promising nature of results obtained thus far has
encouraged the assignment of additional manpower to theprojectland this office supports the need for an increase.such 



The highest priority should be placed upon perfecting

techniques for hormonal inducement of spawning and the
 
aquisition of sufficient adult fish to complete this
 
phase of the research. Most other activities are suppor­
tive or this role and are, therefore, also important.

Erforts to track adults to their spawning grounds using

radio tags do not have the high priority assigned to
 
the hormone spawning work but are, nevertheless, an
 
important part of the research on spawning inducement
 
through environmental control.
 

lb. Minority Personnel and Women
 

The complement of staff involved in the project, either
 
full or part-time is twelve. Of these, 
two are female
 
Oriental technicians who are responsible for laboratory
 
work.
 

The male staff includes one Japanese, one Chinese4
 
one Hawaiian, one Jew, and six Caucasians. The project

also involves local fishermen principally Orientals and
 
Hawailans hired according to their ability to deliver
 
live adult fish.
 

Of the total Institute staff, some of whom provide

administrative and cleriual services associated with the
 
.grant as overhead, eleven of the thirty are 
female.
 

16. Environmental Statement
 

The research being conducted has no adverse environ­
mental effects. With the fish farming likely to result
 
from this research the environmental side effects 
are

predominantly beneficial. There is 
the minimum tradeoff
 
with land animal production as aquaculture mostly occupies

nonagricultural land, buc 
does compete for fertilizer and

in some cases, raw materials for feed. Aquaculture is
 
labor intensive in certain seasons) but is similar to
 
agriculture for the 
rest of the year. Aquaculture

complements the utilization of agricultural waste, a
 
problem presently affecting modern intensive agriculture

but not rural agriculture of the LDC's where the 
two have
 
been integrated for centuries.
 



A .- ,15O.z0 it-is) PROJECtw-.:SIGN SUMMARY Life of Pro ect: 
LOGICAL FRAMEWORK FromFY 1975 toFY 1980 

holctThll&NwNsb: Research and Implementation of Hlkfish Propagation 
Tota U.S. Funding $1, 

OatsPreed: Anril 

4401409 

8 1977 

NARRATIVE SUMMARY OBJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION IMPORTANT ASSUMPTIONSProgrem or Sector Goal: The brooder objective to Measuas of Goal Achlevement: Asumpallns for achieving goal targets:swtids this Project cotributes: 1. LandTo promote fish uind laborfarming thereby 1. Ticrease of production of 1. Fishery statistics. Increased 
resources forsaltwater fish farmingincreasing availability of low-priced fish in LDCGz. 
 2. Economic studies of fish farm- are available.food and opportunities for 
 2. lnc-earud consaumption of ing and product distribution. 2. Friagerlig supplies from
employment for the rural poor. 
 . fish by Lhe rural pour. 3. Observation or use of new 
 wild stocks are Inadequate
3. Increased employment of technology in LDC's. and limiL production.


poor in fish farming 3. Ilatchery procedures will -beactivities. 

used when practical technology
 

is available.
 
4. Appropriate extension work
will make technology available.
ptolect Purpose: Conditions that will i dicte pLupose has been Assumptions fo achieving purpose:

achieved: End of peoject stats.To develop dependable methods 1. Description of methods of 1. Data collected during research That research approach Is valid.for maturing and spawning handling adults,
milkfish and and demonstration activities.for rearing fry 2. Demons tration of methods for 2. Acceptability of results for
to a size suitable for stocking. holding and maturing adult fish 

T'at method similar to those 
publication in scientific 
 used with other fish (e.g. mullel
In captivity. 
 journals. 
 can be developed within given
3. Description of practical 
 3. Project reviews, 
 time frane.
 

techniques for inducing spawning
 
on dernaid. 
4. Description or methods for
 
rearing fry. 

Output: Magnltude of Outputs: Assumptions for achieving otPutcf4inlmur of 5 scientific and/or 1. Observed publication of report 
Publications describing metho-
dology and techniques for holding technical reports with at least 

1. Research results will be 
2. Discussions and feedback with
maturing, spawning milkfish and published and distributed.
500 coplies of each report 
 the scientific community. 
 2. Appropriate extension
for rearing fry. 
 beirug natue available through mechanisms are operating.

publication in scientific jour­
tals and widespread distribution 
of repriti s in appropriate LDC's 

Implamntation Tget (Type and Quailtiyl Atumptions for Providing Inputs
 
Scientific manpower 
 156 man months per year 
 Contractors Annual Report 
 Proposal is funded as requested.

Supplies 

Project management rocords
 
Equipment 


Audit reports
 
Travel funds as budgeted
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COLIN E. NASH, Ph. D. 
Vice-President and Director.of Research 

The Oceanic Institute 

Academic
 

Leeds University, Yorkshire, B.Sc., 1959.
 
Leeds University, Yorkshire, Ph.D., 1962.
 

Experience
 

Vice-President, The Oceanic Institute, 1973 - present.
 
Director of Research, Oceanic Institute, 1972 - preseul.
 
Co-Director, Aquaculture Division, Oceanic Institute, 1971 - 1973.
 
Assistant Principal Officer, Fish Farming, for White Fish Authority, 1970.
 
Research Officer and Project Head for aquaculture in discharges from
 

electricity generating plants, for Wrhite Fish Authority, 1966 - 1970. 
Research Officer and Deputy, Plaice propagation hatchery development, 

White Fish Authority, 1963 - 1966. 
Research Fellow, International Wool Secretariat, London, 1962 - 1963. 

Affiliations 

American Fisheries Society 
Challenger Society 
Smithsonian Institution 
World Mariculture Society 

National and State Services 

Consultant, U.S. AID (RED).
 
Delegate, South Pacific Islands Fisheries Development Association,
 

1971.- 1972. 
Delegate, South Pacific Commission, 1971 - 1972. 
National Oceanographic and Atmospheric Administration (NOAA), Aquaculture 

Survey Steering Committee Member, 1973. 
Governor's Advisory Panel for Marine Resource Development, Aquaculture 

Sub-Committee Member, 1972 - 1974. 
Consultant, Aquaculture, Office of Sea Grant, 1973-present. 

Editorial Board 

Aquaculture, Elsevier Publishing Co., Amsterdam. 
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Publications 

Shelbourne, J. E. and C.E. Nash. 1966. Sea fish culture in Britain. 
Proc. Nutr. Soc. 25(2):133. 

Nash, C.E. and J. E. Shelbourne. 1967. Power station effluent as an 
environment for flatfish culture. I.C. E.S. Fisheries Imp. 
Comm. CM E:10. 

Nash, C. E. 1968. Power stations as sea farms. New Scientist 40(623):368. 

Nash, C.E. 1969. Thermal addition - planning for the future. 
Chesapeake Science 10(3 & 4):279-296. 

Nash, C.E. 1970. Marine fish farming, Part I. Mar. Pollution 
Bull. 1(1):5. 

Nash, C. E. 1970. Marine fish farming, Part I1. Mar. Pollution 
Bull. 1(2):28. 

Nash, C.E. 1970. Marine fish farming. North Ayrshire Coastal Development 
Comm. Report for the Public Enquiry at Ayrshire, Scotland. 

Nash, C.E. 1972. Power stations and fish farming. Everymans 
Nature Reserve, Chapter IV. Ed. Eve Dennis, David & Charles, 
Newton Abbott, England. 

Nash, C. E. and Z. H. Shehadeh. 1973. Current propagation techniques 
for selected marine teleosts, pleuronectes, scopthalmus and coryphaena 
species. Presented at Northwest Regional Meeting of American Fisheries 
Society, Portland, June 1972. 

Kuo, C-M., Z. H. Shehadeh and C.E. Nash. 1973. Induced spawning of 
captive grey mullet (Mugil cephalus L.) females by injection of human 
chorionic gonadotropin (HCG). Aquaculture 1:429-432. 

Shehadeh, Z. H., C-M. Kuo, and C. E. Nash. 1973. Establishing brood 
stock of grey mullet (Mugil cephalus L.) in small ponds. 
Aquaculture 2:379-384. 

April, 1974 
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Colin E. Nash, Ph. D. 

(Publications - continued) 

Nash, C.E. 1973. Automated mass production of Artemia salina for 
hatcheries. Aquaculture 2:289-298. 

Kuo, C-M., Z. H. Shehadeh and C. E. Nash. 1974. A procedural guide to
induce spawning i' grey mullet (Mu cephalus L.) Aquaculture 3:1-14. 

Nash, C.E., C-M. Kuo and S.C. McConnell. 1974. Operational procedures
for rearing larvae of the grey mullet (M cephalus L.)

Aquaculture 3:15-24.
 

Kuo, C-M., C. E. Nash and Z. H. Shehadeh. 1974. The effects of temperature
and photoperiod on ovarian development in captive grey mullet 
(Mugl cephalus L.) Aquaculture 3:25-43. 

Nash, C.E. 1974. Residual chlorine retention and power plant fish farms. 
Progr. Fish-Cult. 36:92-95. 

Nash, C. E. and J. It. Sylvester. 1974. Thermal tolerance of eggs and larvae
of Hawaiian striped mullet (Muilcephalus L.). Trans. Am. Fish Soc. 
(in press). 

Sylvester, J. R., C.E. Nash and C.R. Emberson. 1974. Preliminary study
o" temper ature tolerance in juvenile Hawaiian mullet (Mujcephalus)
Progr. Fish-Cult. 36:99-100. 

Nash, C. E. and C-M. Kuo. 1974. Hypotheses for problems impeding the mass propagation of grey mullet and other finfish. Paper presented
at IflP/PM International Symposium on the Grey Mullets and their 
Culture, Haifa, Israel, June 1974. Also, Aquaculture 5:119-133, 1975. 

Kuo, C-M. and C.E. Nash. 1974. Recent progress on the control of ovarian
development and induced spawning of the grey mullet (Mugil cephalus L.)
Paper presented at IBP/PM Intrl Symposium on Grey Mullets and
their Culture, Haifa, Israel, June 1974. Also, Aquaculture 5:19-29, 1975. 

July 1975 
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Nash, C. E. 1974. Potential for the development of aquaculture in the Indo-
Pacific region. 16th Session of Indo-Pacific Fisheries Council, Jakarta,
Indonesia, October-November. 

Lae* J. H., C. E. Nash, and J. R. Sylvester. 1975. Effects of mircx and
methoxychlor on striped mullet, Mugi cephalus L. EPA Grant No. R 802348. 
Report No. 1PA-660/3-75-015. 

Sylvester, J. R., C. E. Nash, and C. R. Emberson. 1975. Salinity and oxygen
tolerances of eggs and larvae of Hawaiian striped mullet, Mugil cephalus L. 
J. Fish Biol. 7:62.1-629. 

Sylvester, J. R., C. E. Nash. 1975.. Thermal tolerance of eggs and larvae of
Hawaiian striped mullet, Mugi cephaks L. Trans. Am. Fish. Soc.,

Vol. 104, No. 1:144-147.
 

Nash, C.E., T. Joyner, and R. D. Mayo. 1976. Seeding the Southern Ocean
with salmon - an ocean range management program. Report to ICLARM. 

June 1976 
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Colin E. Nash, Ph. D. 

Restricted Papers for the White Fish Authority 

** 	 Senior Scientist and Author; * Senior Scientist and Joint Author 

+ Joint Author 

** Plaice rearing at Hunterston and Carmarthen Bay electrical generating 

stations, 1966. 
** Dover sole rearing at Hunterston nuclear generating station, 1966-1968. 
** Plaice rearing at Hunterston, 1968. 

** Plaice rearing at Hunterston, 1969. 
** Turbot fattening at Hunters ton, 1969. 
** The influence of water temperature on the growth of the plaice and Dover 

sole at Port Erin, Isle of Man, 1965. 
* 	 Survival of young Dover sole fed with liver supplement, Hunterston, 1970. 
* 	 Chlorination and its detection for a power station fish farm. 
* 	 Residual chlorine retention in relation to flow rate in a fish tank. 

* 	 The development of tank rearing facilities for marine flatfish. 
* 	 Design of ancillary services at a power station fish farm. 

* 	 The potential of the ormer (abalone) in marine fish farming, Hunterston, 1968. 
* 	 The measurement of water flow into a fish tank, Hunterston, 1969. 
* 	 The production of Artemia salina nauplii, Hunterston, 1968. 
* 	 An Instrument for the measurement of dissolved oxygen in a matin fish 

farm, Hunterston, 1968. 
* 	 Production technique and costing for plaice at a power station fish farm,
 

Hunterston, 1970.
 
* 	 A synopsis of the marine fish cultivation programme, 1964-70. 

+ 	 Hydrography and management of the Ardtoe inter-tidal pool, May 1968-
April 1970. 

+ 	 Plaice rearing in a sheet polyethylene floating tank, Ardtoe 1967. 
+ 	 Plaice rearing in a prototype floating cage for sheltered water, Ardtoe 1967. 
+ 	 Plaice rearing in a netting enclosure and floating cage, Ardtoe 1968. 
+ 	 Hatching of plaice at Ardtoe, 1969. 
+ 	 Plaice rearing in a prototype floating sea-cage, Ardtoe 1969. 
+ 	 An incidence of pop-eye disease at Ardtoe, 1968. 
+ 	 Design, construction ao:d operation of a netting enclosure. 
+ 	 Design, construction and operation of small floating cages. 
+ 	 Design, construction and operation of large floating cages. 

April, 1974 
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CHING-MING KUO, Ph. D.
 
Head, Aquaculture Division
 

The Oceanic Institute
 

Academic 

National Taiwan University, Taipei, B.S., 1958.
 
Scripps Institution of Oceanography, University of California, San Diego,
 

Ph.D., 1970.
 

Positions-and Experience
 

Head, Aquaculture Division, Oceanic Institute, 1972 - present.
 
Research Associate, Aquaculture Division, Oceanic Institute, 1970 - 1972.
 
Post-graduate Research Biologist, Scripps Institution of Oceanography, 1970.
 
Research Assistant, Scripps Institution of Oceanography, 1964 - 1970.
 
Teaching Assistant, Department of Zoology, National Taiwan
 

University, 1960 - 1964.
 
Research Biologist, Institute of Fishery Biology, National Taiwan
 

University, 1960.
 

Publications 

Kuo, C-M. 1965. The physiology of some teleost fishes, part I. Study
 
on the sexual maturity of Silver Carp, Hypophthalmichthys molitrix
 
C. & V. Rept. Inst. Fish. Biol., 2(1):46-52. 

Kuo, C-M. 1964. Morphology of Yellowfin Tuna. China Fish., No. 138,
 
rip 2-7 (in Chinese).
 

Kuo, C-M. 1964. Behavior of Yellowfin Tuna. China Fish, No. 139,
 
pp 2-7 (in Chinese).
 

Shehadeh, Z. H., C-M. Kuo, and K. K. Milisen. 1973. Induced spawning 
of grey mullet (Mugil cephalus L.) with fractionated salmon pituitary 
extract. J. Fish Biol. 5:471-478. 

Shehadeh, Z. H., C-M. Kuo, and K. K. Milisen. 1973. Validation of 
an in vivo method for monitoring ovarlan development in the grey 
mullet (Mugil cephalus L.) J. Fish Biol. 5:489-496. 

October 1976 
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Ching-Ming Kuo, Ph. D. 

(Publications - continued) 

Kuo, C-M., Z. H. Shehadeh and K. K. Mllisen. 1973. A preliminary
report on the development, growth and survival of laboratory reared 
larvae of the grey mullet (Muil cephalus L.) .J. Fish Blol. 5:459-470. 

Shehadeh, Z. H., C-M,, Kuo and C. E. Nash. 1973. Establishing brood 
stock of grey mullet (Mugil cephalus L.) in small ponds. 
Aquaculture 2:379-384. 

Kuo, C-M., Z. H. Shehadeh, and C. E. Nash. 1973. Induced spawning of 
captive grey mullet (MuI cephalus L.) females by injection of human 
chorionic gonadotropin. Aquaculture 1:429-432. 

Kuo, C-M., C. E. Nash and Z. H. Shehadeh. 1974. The effects of
 
temperature and photoperiod on ovarian development in captive
 
grey mullet (Mugil cephalus L.). Aquaculture 3:25-43.
 

Kuo, C-M., C. E. Nash and Z. H. Shehadeh. 1974. A procedural guide
to Induce spawning in grey mtlllet (Mugil cephalus L.)
 
Aquaculture 3:1-14.
 

Nash, C. E., C-M. Kuo and S. C. McConnell. 1974. Operational
procedures for rearing larvae of the grey mullet (Mugil cephalus L.). 
Aquaculture 3:15-24. 

Nash, C.E. and C-M. Kuo. 1974. Hypotheses for problems impeding the 
mass propagation of grey mullet and other finfish.. Paper presented
at IBP/PMI International Symposium on the Grey Mullets and their
Culture, Haifa, Israel, June 1974. Also in Aquaculture 5:119-133, 1975. 

Kuo, C-M. and C. E. Nash. 1974. Recent progress on the control of 
ovarian development and induced spawning of the grey mullet
(Auil cphalus L.). Paper presented at IBP/PM International
 
Symposium on the Grey Mullets and their Culture, Haifa, Israel,
 
June 1974. Also in Aquaculture 5:19-29, 1975. 

October 1976 
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GUY N. ROTHWELL, Jr.
 
Senior Engineer
 
Oceanic Institute
 

Professional/ Academic 

Registered civil and structural engineer, Hawaii 1961.Loyola University, Los Angeles, B.A. Philosophy, 1950.UCLA, completed undergraduate engineering curriculum, 1959.University of Hawaii, completed courses in ocean engineering. 

Positions and Experience 

Senior Engineer, Oceanic Institute, 1970 - present.

Project Manager (planning, conceptual design, 
 EIS and constructioncontract drawings) for ocean related proje'ts inc]uding light draft
harbors and a fish hatchery.

Principal investigator 
of Open Ocean Fish Enclosure Study.Task Force member of ICLARM Southern Ocean Salmon Project.Chief Engineer of MOSES, Floating City Development Studies,Offshore Coal-fired Electrical Power Generation, OTEC PlatformStudy; responsible for conceptual and preliminary engineering de­sign, coordination with consultants and technical supervision of
engineering staff. 

President and Chief Engineer, Pacific Submersibles, Inc., 1967 - 1970.A Hawaiian Company which operated the research submersibleNAIA. Projects included marine biology research, bottom surveys,development and testing of undersea products, oil field and pipelinesurveys, and militairy ordnance recovery in Hawaii, the Gulf ofMexico and the Gulf of Suez. Developed several electro-mechanicalwork systems for the submersible, including' remote manipulators,a large object recovery device, and an oil field wnrk jig for servicingundersea well heads. The latter system has been awarded American 
and foreign patents. 

Partner, Guy Rothwell & Associates, 1963 - 1967. Engineering Consultants;
heavy engineering structures including waterfront structures, under­sea pipelines and cables; a nuclear reactor refueling facility; andseveral underground facilities resistant to nuclear weapons. 

Chief Engineer, Rothwell, Lester & Phillips, Architects and Engineers,1961 - 1963. Structural design of large buildings, waterfront struct­ures, and harbors; operated a hydraulic model laboratory for theState of Hawaii in connection with harbor design projects. 
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Structural Engineer, Paderewski, Mitchell & D)eanl, San Diego, Cal.,
1959 - 1961. lroad tange of engineering structures: hospitals.
schools, hotels, apartment buildings, industrial structurcs. 

Structural Designer, Daniel, Mann, Johnson & Merdenhall, Los Angeles,
Cal., 1956 - 1959. Missile launching facilities, large commercial, 
aseisrnic design of high-rise buildings. 

U.S. 	 Air Force, 1951 - 1956. Discharged in 1953 as staff sergeant to re­
ceive commission as 2d Lt. USAF. Separated in 1956 as 1st Lt. 

Patents. 

On remotely controlled Underwater Work Systems Apparatus & Methods: 
American - 366615 
British - 1282858 
Venezuelan - not available 
New Zealand - 159564 
Pending: Canada and Japan. 

Special 	Qualifications or Experience 

Qualified SCUBA diver 
Qualified submersible pilot 

Instrument Design and Construction (unpublished) 

MARS, multi-channel Beta particle counter for in-situ determination of 
sinking rate of 1 4 C-labeled phytoplankton. 1976, Oceanic Institute. 

Inertial motion sensing package for model tests in cotinection with OTEC 
platform study. Vertical gyro reference, triaxial accelerometer, 
pressure proof case, weight 11 lb. Remote digitizing and logging
equipment can receive data by wire or FM telemetry. 1976, Oceanic 
Institute. 

Lightweight, field programmable equipment for operating and logging data 
from a 	multi-sensor oceanographic probe. Provides high quality
data, has operated from a small outboard craft in surf. 1975, 
Oceanic Institute. 

Direct 	digitizing data logging system, 24 channel, wind, velocity, and struct­
ures response. 1970, Oceanic Institute. 
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Surface-following wave measuring buoy. 19 7 2 ,Oceanic Institute.
 

Flicker/fusion apparatus for clinical research and diagnosis of brain
 
damage. 1971, 
 Oceanic Institute. 

Vibration sensing, recording, and spectral analysis apparatus for in­
vestigation of building motions. 1965, Guy Rothwell & Associates. 

Multi-channel wave measurement and recording system for small amplitude 
waves. 1964. Guy Rothwell & Associates. 

Publications 

Principal author or co-author, over a period of twenty years, of a largenumber of major and minor pieces of engineering documentation,as proposals, conceptual designs, 
such 

preliminary engineering reports, re­search reports, environmental impact statements, construction contractdrawings and specifications, etc. Clients have included the U.S. Air Force,U.S.Navy, Army Engineer Corps, Federal Aviation Agency, U.S. Depart­ment of Commerce, State of California, State of Hawaii, and many private
clients. 
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ALBERT CARL SMITH, Ph.D., M.D.. 

Marine Pathologist 

E DUCATION 

University of California, Los Angeles, B.A. Zoology 
University of Southern California Medical School, 3 years 
University of Hawaii Graduate School, Zoology, 1 year
Santa Monica City College, University of California Los Angeles extension, and 

Kerckhoff (California.Institute of Technology) Marine Laboratory--summer 
sessions 

University of California, Irvine, Graduate School in Biology, Fall, 1965-1966, 
Ph. D. in Biological Science 

University of Hawaii, John A. Burns School of Medicine, 1973-1975, M.D. 
Saint Francis Hospital - University of Hawaii, John A. Burns School of Medicine, 

July 1975 - June 1976, Pathology Research Fellowship 

EXPERIENCE 

Resident, Department of Pathology, Saint Francis Hospital - John A. Burns 
School of Medicine, University of Hawaii, Honolulu, 1976-present. 

Pathology Research Fellow, Department of Pathology, John A. Burns School of 
Medicine, University of Hawaii, Honolulu, 1975-1976. 

Chief Consultant, Hawaii BioMarine, Honolulu, Hawaii, 1973-present. 
Associate Professor of Biology, Division of Natural Science, University of Hawaii, 

Hilo, 1969-1973. 
California Department of Fish and Game, Long Beach, research on molecular 

genetics of fishes, 1971, 1970, 1965-1966, 1963, 1962, 1961. 
Program Director in Pathology, Aquatic Sciences, Inc., Boca Raton, Florida, 1969. 
Research Associate and Instructor, Department of Population and Environmental 

Biology, University of California, Irvine, 1966-1967. 
Research Assistant to Dr. Grover C. Stephens, Chairmah, Department of Organismic 

Biology, University of California, Irvine, 1966. 
Lab Technician (II) to Dr. R. L. Taylor, Assistant Research Pathologist, University 

of California, Irvine, 1964-1965. 
Studied electrophoresis of blood and urine for Cancer Research Institute, Orange 

County General Hospital, 1964. 
Tested actions of new drugs on lab animals of Allergan, pharmaceutical firm, 1963. 
Assistant to Senior Scientists, Eniwetok Marine Biological Lab, University of 

Hawaii, 1959. 
Teaching Assistant in Zoology, University of Hawaii, 1958-1959. 

June 1976 



1'. 	 Smith, A.C. & van Weel, P.B., 1960. On the Protease and Amylase

Production in the Mid-Gut Gland of Young and Mature African Snails

Experientia, 16t60-62.
 

2. 	Smith, A.C., 1962. The Electrophoretic Characteristics of Albacore,

Bluefin Tuna, and Kelp Bass Eye Lens Proteins. Calif. Fish Game,

48 199-201.
 

.Smith, A.C., 1963. Variant Hemoglobin and Electrophoretic Whole

Blood Studies in Two Tunas and Three Other Fish Species. Calif. Fish
 
Game, 49144-4 9 .	 ­

4. 	Smith, A.C., 1965. Intraspecific Eye Lens Protein Differences in
 
the Yellowfin Tuna, Thunnus albacares. Calif. Fish Game, 31163-167.
 

5. 	Smith, A.C., 1966. Electrophoretic Studies of Soluble Protein from
 
Lens-Nuclei of Bluefin Tuna, Thunnus thynnus, from California and
Australia. Amrner. Zool., 6,577. 

6, 	Smith, A.C., 1966. Electrophoretic Studies of Eye Lens Protein from 
Marine Fishes, Doctoral Dissertation, Dept. of Organismic Biology,
University of California at Irvine; Dissertation Abstracts, 28, 1968. 

7, 	Taylor, R.L. & Smith, A.C., 1966. Polypoid and Papillary Lesions in

the 	Foot of the Gaper Clam, Tresus nuttalli. J. Invert. Path., 8s
 
264-266.
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REVIEW OF THE RESEARCH PROGIAM RESFARCH IN ARTIFICIAL PROPAGATION OF 

MILKFISH CCMDUCTED BY THE OCEA0MC FOUNDATION FOR AID 

BACKGROUND
 

This review was held at the Oceanic Institute, Waimanalo, Hawaii-on May 6
 
and 7, 1976, in accordance with the terms of the contract between AID and
 
the Oceanic Foundation (now Oceanic Institute) entered into on January 13,
 
1975.
 

This contract, AID-TA-0-1189, is in the amount of $498,532 for the 3-year

period ending January 12, 1978. Of this sum, $250,000 was alloted initially.
 
The balance, $248,532,'was to be provided if funds were available and "con­
tingent upon ... favorable AID review.and evaluation of the results of the
 
program after 18 months." The review was actually held after 16 months to
 
avoid a session during the spawning season.
 

The original research proposal, which was submitted to the AID Research
 
Advisory Committee on 16 October 1974, covered a 3-year study at a total
 
cost of $870,000. 
Whether the contract will be extended for two additional
 
years will be determined by a second review which, undeg the terms of the
 
contract, is to be held after 32 months.
 

The review team consisted ot:
 

H. R. Schmittou, Fisheries Advisor, USAID Mission, Manila, Philippines,
 

James A. Storer, Office of Marine Resources, NOAA, Rockville, Md.
 

The principal Oceanic Institute staff participants in the review were:
 

H. Burr Steinback, President
 
Colin J. Nash, Director of Research
 
Ching-Xing Kuo, Head, Aquaculture Division
 
Guy N. Rothwell, Jr., Senior Engineer
 
Albert C. Smith, Marine Pathologist
 

SU1ARY FINDINGS 

The team agreed that the work being done is in accordance with the terms
 
of the contract, that it is generally on schedule, and that the timetable
 
for the next year remains valid. The project projections for the proposed
 
years 4 and 5 will require carefui scrutiny at the second (final) review
 
of the existing contract. The projL.:t staff, while small in numbers, is
 
obviously extremely competent professionally. Thera are some questions

with respect to certain aspects of the work which are addressed in the report.
The program as a whole, however, is sound and fully deserving of conrinued 
AID support. The team endorsed Oceanic's request for additional funds 
($30-35,0.0) for pathology work ;nd rect.. .....nded that the un-cd
 
for its third year at no less than the level indicated in the contract.
 



PURPOSE OF THE RESEARCH
 

The program objective set by AID for the contractor was to breed the milk­fish, Chanos chanos, in captivity and to raise the fry from the egg"
undertaking any research and development which might be necessary to attain
 
that goal.
 

Specific objectives are:
 

a. To induce spawning of milkfish in captivity economically
 
and over long periods.
 

b. To increase the, survival rate of eggs and larvae.
 

c. To increase the hardiness of Juveniles.
 

d. To develop handling techniques for Juveniles that
 
will assure the lowest possible mortality.
 

The original proposal from Oceanic Foundation proposed research, design, and
construction of low-cost pens and enclosures for aquacultural production of
brackish-water fish. 
The rA ised research project excludes any work on
 
pens and enclosures for commercial production.
 

PROJECT PLN
 

The review team agreed that the Institute is carrying out the research
 program in a very satisfactory fashion. The original plan was well con­ceived, the staff has been able to adhere to it, and Oceanic expects to
be able to achieve its objectives within the allocated time. 
This is not
due simply to an automatic adherence to the original plan but rather to the
staff having periodically examined the plan to determine its continuing
validity and productivity, as well as 
their progress under its terms.
 

STAFF
 

The team was impressed with the attitude, enthusiasm'and general approach
of the staff. It is 
a talented group of professionals who seem to work
 very well together, stimulate one another, have respect for each other's
special area of competence, thereby achieving a good degree of inter­action and esprit de corps. The leadership provided by Colin Nash appears

to be most effective,
 

The breadth of approach is exemplified by the role of Dr. Smith who took
his doctorate in biology but more recently obtained his 
MD. With that
unique training he can bring to his fish pathology work the troining nnd
intcrest of a physician. He is, for instance, pursuing a number of
 



by-products of his pathology research that may have significant medical
 
application. Such a result that would, of course, increase the pay-off
 
of the project. This broad capacity of the staff is to be highly valued
 
and bodes well for the continued health of the Institute and for its
 
potential not only in aquaculture but as well in other activities.
 

The staff tends to be academically and intellectually oriented, yet it
 
maintains a strong practical orientation manifested in such ways as in
 
efforts to reduce the cost of feed.
 

The team had, however, some concern that the staff might be overly
 
academically oriented, with not enough contact with practical fishermen
 
or practicing aquaculturists. In that sense there was a feeling that the
 
staff feels itself to be slomething of an "intellectual elite" and that it
 
wishes to keep it that way.
 

RELATIONSHIPS WITH OTHER ORGA;IZATIONS 

The staff was well aware oi the activities of the other institutions work­
ing in the fisheries field with AID support -- Auburn University and the
 
University of Rhode Island. They were quite open to thi. possibilities of
 
closer cooperation with either or both, at the same time pointing out
 
quite correctly that such cp6peration could more easily be effected with
 
the University of Hawaii.
 

However, they appear to be quite selective in their relations with other
 
professionals at that University. W..hile the staff seems to have associated
 
regularly with some groups, they have almost no contact with others, par­
ticularly social scientists, including economists. They should exert a
 
greater effort in this direction.
 

FUNDING
 

The Institute is operating on a very tight budget, but should be able to
 
carry out the work as scheduled in the contract. It is essential that the
 
full $249,000 budgeted for the third year be obligated in FY 1977, and
 
equally essential that certain studies of stress be funded immediately.
 
Cost is estimated at $30-35,000. (Note: The budget Vas augmented by
 
$30,000 on June 22, 1976).
 

As we have noted, the project proposal presented to the AID Research
 
Advisory Co.=ittee called for a 5-year study at a cost of $870,000. The
 
contract finally let covered the first three years only for which approx­
imately $500,000 was budgeted. Requirements beyond the third year are to
 
be considered by the review to be made "after 32 months". If the project
 
is to continue, this review will in fact have to be made after about 28
 
months (e.g. in May 1977) to permit the Agency sufficient time to process
 
extension documents, this assuming the board so recommends.
 

,5q
 



Oceanic noted in the executive summary of its annual report for 1975 that
 
the 	essentially similar 5-year program for gray mullet cost $1-3/4 million
 
including capital construction. It believes that the milkfish work will
 
kequire funding support of the same order of magnitude -- perhaps

$1 million exclusive of construction.
 

SPECIFIC S
 

Sexual Maturitv and GSI
 

The 	following is based on a comment from one of the board members: 
 So little

is known about the biology of milkfish that it is not valid to make concrete
 
comparisons between two apparent subpopulations. There are some important

apparent differences in spawning biology between milkfish in Hawaii and in
 
Southeast Asia such as:
 

1. 	Reported minimum sizes of sexually mature fish in SEA
 
are almost 5 kg while Hawaii fish are 2.5 to,3 kg.
 

2. 	SEA fish apparently spawn over a long season w±th-only a
 
relatively few fermales gravid at any given time while
 
Hawaii fish apparently all develop and spawn within a
 
short season during July and early August.
 

3. 	Reported minimum spawning temperatures for SEA fish
 
have been 28*C while waters around Hawaii do not
 
exceed 26*C.
 

Xnother apparent difference of possible significance is in gonad weight

relative to total body weight - GSI. 
 The most developed Philippine fish
 
studied had GSI values of 5 to 7 for .:ales and 8 to 12 for females, while
 
GSI's for both sexes in Hawaii were only approximately 3.3 during peak

development (based on available data).
 
5he Board suggests that the Staff should consider what the apparent
 

differences mean and what importance they may have.
 

bupplemental Feed
 

bceanic is using feeds to supplement natural growth of vegetation in the
 
tanks and pools. An example of the supplemental feed reported consists of:
 



Wheat middlings 55.0%
 
Cottonseed meal 14.0
 
Soybean meal 14.0
 
Tuna meal 14.0
 
Propylene glycol 1.4
 
Visorbin 1.4
 
Vitamin pre-mix 0.2
 

A Board member points out that total protein in this feed could not be
 
more 
than 20% and animal protein not more than about 9%; carbohydrates
 
are high and fats, vitamins and minerals are low. Supplemental feeds for
 
fish should be high in protein (30% or more) and low in carbohydrates. The
 
feed may not be nutri:ionally adequate for developing breeders especially
 
since'there appeared to be very little natural foods available in Oceanic
 
tanks and ponds. The fish'may not be able to gee enough nutrients, especially
 
protein to develop sex products and especially viable products.
 

The team suggests thatOceanicbegin using some of the proven nutritionally

complete trout diets. Since little is known about milkfish nutrition, it
 
would appear Oceanic could collaborate profitably with a fish nutritionist.
 

Electronic Taeinz
 

Oceanic intands 'to locate =ilkfish spa-w-ing grounds by tracking from a
 
boat a released gravid female equipped with an electronic tag. The odds
 
for success of this =athod seem extremely small. For example, the spaun­
ing grounds may be as much as 300 km from the Hawaii beaches where the
 
larvae and postlarvae are collected.
 

Other troublesome factors include:
 

1. 	The problem of selecting and preparing the specimen
 
for tagging.
 

2. 	The possibility if not probability that handling
 
stress will cause altered behavior to a point where
 

.these tagged fish will not move immediately to the
 
grounds for spawning, will spawn outside of the normal
 
spawning grounds, will lose their eggs to atrbsia or
 
premature release.
 

It seems to the team that in addition to electronic tagging, upcurrent

sampling of larvae and eggs be used to locate spawning grounds. Theo­
retically, larvae development would become less developed as sampling
 
progressed upcurrent away from shore.
 

Some advantages of these methods are that:
 

a. 	There is a greater chance index for success than with the
 
electronic tagging method;
 

b. 	It would be less expensive than electronic tagging;
 



C.. 
It will provide valuable information on development

of wild eggs and larvae for use in artificial spawn­
ing'studies; and
 

d. It will provide information on the environment in
 
which eggs and larvae exist between spawning grounds

and shore, as well as just the spawning grounds.
 

One team member has suggested to Oceanic that they consider mass tagging as
a possible preliminary to electronic tagging. 
This could provide valuable
information on distribution, range, migration habits and subpopulations.
Releases of mass-tagged milkfish should be considered in a broad geographic
area including Indonesia, Philippines, and Taiwan as well as Hawaii and
possibly other Pacific Islands. 
Tha tagging program requires especially

careful consideration before final plans are made for the 1977 spawning
 
season.
 

Milkfish Pathology Project
 

It became apparent in 1975 that naturally-occurring organic disease and
stress induced by confinement could seriously affect the outcome of the
entire program. .Consequently, in October 1975, Oceanic made a formal
application to AID for supplementary funding so that-it could itensify

the work being carried out by Dr. Snith. 
This includes studies of basic
pathology and studies of diseases that manifest themselves under condition

of contamination. 
In the latter case, Oceanic iopes to develop a funda­
mental understanding of the stress state and how to cope with it. 
 Pre­
liminary workris promising.
 

The team fully endorsed this project nnd believed it should be adequately

funded. 
As noted under "Funding", the budget was augmented by $30,000

in June, 1976.
 

FUTURE WORK
 

The study as authorized will provide answers to only part of the questions
no matter how successful the scientific work may be. 
Oceanic can with its
present staff and facility develop the laboratory techniques needed for
artificial propagation. 
However, with its present physical facilities,
Oceanic cannot carry out pilot production operations designed to field­test 
the techniques that are needed as an intermedlate step leading to the
design and operation of large-scale production hatcheries. There is a real
question as to whether, even if the facilities in Hawaii were expanded, the
work should be done there. 
The team feels, as aues the staff, that this
should be carried out in South East Asia wiere production operations will
 
ultimately take place.
 

This question requires full. consideration at the second review team which
 
will determine where and in what form the project will continue.
 



Informal Minutes of the Research & Development Comittee Meeting
 

May 24, 197 7
 
Projectt Research and Implementation of Milkfish Propagation, Oceanic
Institute,'TAJAGR. 
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Dr. Hesser opened the discussion of the proposal by explaining historical
developments that lead to AID funding this particular project. 
His
office has been surprised and happy with the quality of researchers at
the Oceanic Institute. 
 He went on to explain that Milkfish are a very
important food comnmodity in South East Asia. 
They are captured as
fry in the ocean and sold to individuals who rear them to maturity in
basically small holding ponds. 
The supply of these juvenile fish is
much less than the demand and the objective of this project is to find
a way to provide more young fish by artificially breeding Milkfish in'
captivity. 
The Oceanic Institute is very close t6 achieving some

breakthrouShs in this breeding activity.
 

The Asia Bureau generally supports the proposal and sees a useful role
 
for the Oceanic Institute in this
however, does area of research. The project paper,
not indicate what Oceanic 
Institutes role will be in
the future considering Hawaii is on the fringes of Milkfish dispers-on--­patterns. 
 The question concerning the specific transferability Qf
research findings from Hawaii to other areas of S.E. Asia was raised.

Obviously some technology is transferable, but how much?
 

The present proposal dogs not address institutions in the Philippines
doing essentually the same 
thing with a Grant from Canada. Maybe
IILARM or the Philippines should be the center of future Milkfish research,
It was noted that very little of the present budget is earmarked for

Philippine institutions.
 

The Bureau feels that future Milkfish research should be centered in
Asia somewhere. The question as to how Hawaii would wind down its

research activities needs to be addressed.
 

The project paper assumes that the experience gained by Oceanic
Institute with mullet is transferable to Milkfish. 
What similarities
and differences between these fish types might effect future break­throughs? 
 Also raised as a question is the mention of milkfish culture
in Laos and VietNam, the Bureau would like more 
information about this.
 

The Bureau is willing to support the project if the Oceanic Institute
understands that AID is making no 
long term commitments to them and
that future work should be transferred to Asia,
 



Additional comments by the Asia Bureau included the low amount of
 
money allocated for publications, and the applicability of 20 acre
 
fish farms in meeting the mandate of providing for the small farmer.
 

The representatives of the other Regional Bureaus thought they.

generally supported the proposal and basically felt that their questions

had been addressed by the Asia Bureau. An additional area of concern
 
was the significant jump in the budget for the next two yearsp 
and
 
the cost-benefit of such a budget increase.
 

TA/AGR response
 

Dr. Hesser indicated that the budget was purposely held down during

the initial phase of the project because of organizational difficulties
 
with Oceanic Institute at the time, but their progress on this work
 
in the last two years has been excellent. The competence to do this
 
focused basic research did not exist in the LDC's when this project

wasoriginally funded. All indications presently point to 
a successful
 
technology transfer from 01 to the LDC's.
 

Dr. Roedel indicated that more money is needed as the 01 is moving more 
operations into the Asian area and will become even more involved
 
with Asian institutions in the next couple of years. He does not see
 
the need for a project extension beyond 5 years.
 

Dr. Neal suggested that after 5 years, one should see hatcheries and
 
pilot projects to actually rear juvenile fish. Some problems of
 
handling the fish, stressp and pathology may be transferable when they
 
are worked out. The Canadian grant to CIEFDECK for milkfish was
 
given without informing AID. Dr. Neal noted that the Office of
 
Agriculture had just received a letter from 01 that they had been
 
successful with hormonal induced spawning.
 

Dr. Jones suggested that the researchers at 01 have published several
 
papers, and the budget for publications is adequate ince there are
 
many outlets for publishing research materials that have minimal
 
costs. 

FINAL VOTE
 

- Unanimous approval
 

(0,
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CHANGES RECOMMENDED BY RAC
ADDENDUM TO PROJECT PAPER OF 4/11/77 WITH 


August 15, 1977
I. 	Detailed Plan of Work 


The 	 broad objectives of this project are 
to: 

Induce spawning of milkfish in captivity.A. 

B. 	Discover pathological effects of handling 

and hol~ing stresses
 

these effects.
and 	prevent 
 rates.

C. 	 Increase egg production and larval survival 


Increase hardiness of larvae and juveniles.
D. 
 that 	will assure low 
Develop handling procedures for juvenilesE. 

mortality in farmers' pens.
 

objectives the activities described
In order to accomplish these 

- 32 	of the attached
on pages 24
briefly below and in detail 

proposal will be completed.
 

(1) 	Establish broodstock in captivity.
 

(a) 	Collection of increased numbers of mature fish 
in
 

season (at sea).
 

(b) 	Collection and growing-on of greater numbers of
 

immature fish (from brackishwater ponds).
 

(c) 	Collection of migratory fish (from known runs).
 

(d) 	 Development of broodstock husbandry. 

(e) 	Holding, handling and sampling large fish.
 

(f) 	Identification of broodstock individuality.
 

Year-round breeding through environmental control.
(g) 


(2) 	Establish conditions of spawning.
 

(a) 	Simulation of spawning conditions in laboratory (by
 

environmental control).
 

Attempt spawning without hormone treatment (by(b) 
behavioral responses).
 

Induce spawning 	by hormone injection.
(3) 


optimum induced 	spawning procedure (for
(a) 	Define the 

salmon gonadotropin, specifying correct time for
 

treatment, dosage, dose rate, response, etc-.).
 

(b) 	Determine cost effectiveness of readily available
 

hormones.
 / 
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Experiments will include:
 

i. 	Determine natural reproductive physiology (for both
 
sexes) for immaturity.
 

ii. 	 Determine responses to hormone treatment.
 

iii. Test reactions to salmon pituitary gonadotropin.
 

iv. 	 Test reactidns to other cheaper hormones.
 

(4) 	Improve survival of larvae in laboratory.
 

(a) 	Definition of Nursery I (Day 0 - Day 21) rearing
 
procedure with recommended facilities, food
 
and food density, rearing density, water quality
 
and external environmental conditionp, etc.
 

(b) 	Improve survival from available eggs.
 

(5) 	Increase hardiness of larvae to juvenile stage.
 

(a) 	Definition of Nursery II (Day 21 - Day 50) rearing
 
procedure with recommended facilities, food and
 
food density, rearing density, water quality and
 
environmental conditions. Produce juveniles which
 
are larger and healthier than those caught and
 
distributed by the existing farming operators and
 
expected products.
 

(b) 	Economics of operations--low cost of juveniles.
 

(6) 	Improve handling and husbandry of juveniles (second year
 
only).
 

(a) 	Improve collection of juveniles from Nursery II
 
facilities.
 

(b) 	Develop safe transportation methods.
 

i. 	Develop safe procedures for mass collection
 
and transportation of nursery stock.
 

ii. 	 Recommend optimum economic transfer method fcr
 
fry distribution.
 

(7) 	Conduct practical pathological treatment to eliminate
 
handling stress and mortalities and reduce diseases of
 
captive stocks.
 



(a) Routine examination or autopsy of all fish for
 
background patholcgy. 

Conduct diagnostic tests using modern histological
(b) 

and biochemical clinical methods
 

Pursue related research toward practical application
(c) 

for the hatchery and the farmer.
 

(8) 	Conduct experimentation on breeding, in the field.
 

(a) 	Assemble annually a team to work in the field
 

responding to individual seasonal availability in
 

Southeast Asia.
 

II. 	Staff
 

The program will utilize 124 man months of personal services
 

per year distributed among 13 people working in the following
 

capacities.
 

1 Project Coordinator
 
3 Senior Staff Scientists
 
3 Research Assistants
 
6 Technicians
 

13
 

I. 	 Reporting 

1. 	One hundred coptes of each annual progress report will
 

be submitted to AID/W by January 30.
 

2. 	Within six months after expiration of this grant a
 
termination report will be prepared and submitted to
 
the Grant Project Officer.
 

3. 	 Twenty-five copies of an annual administrative report
 
will be submitted describing briefly the status of work
 

in progress, changes in personnel, other management
 
informaticn deemed necessary, and financing with detailed
 
information as to how the project funds were expended.
 

4. 	 Papers prepared for submission to journals or periodicals
 
or 
to be published in any manner reporting on this project
 
will be submitted to AID/W prior to publishing. All
 

published papers, articles and books resulting from this
 
research must give appropriate credit to A.I.D.
 

5. 	 Reports of progress and data sheets will be sent by
 
Contractors to cooperating institutions.
 

6. 	A fiscal report will be prepared as of December 31,
 
showing actual expenditures for the Fiscal Year to
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date and anticipated expenditures for the balance of
 
the 	year and sent to AID/W (6 copies).
 

7. 	One copy of all trip reports involving international
 
travel in support of this project should be provided
 
to TA/AGR Project Manager upon completion of.travel.
 

8. 	It is understood by the parties that the Contractor
 
may, within the amcunt specified as Total Estimated
 
Cost, incur expense in variation of individual items
 
in pursuit of the Task Order objectives.
 

IV. 	Period
 

The 	effective date of this contract is January 13, 1978.
 
The 	estimated completion date is January 12, 1980.
 

V. Project Direction
 

Performance shall be subject to the technical directions of
 
the Fisheries Division, Office of Agriculture of the Bureau
 
for Technical Assistance of the Agency for International
 
Development. As used herein, "Technical Directions" are
 
directions to the contractor which fill in details, suggest
 
possible lines of inquiry, or otherwise complete the general
 
scope of work. "Technical Directions" must be within the
 
terms of this Task Order and shall not change or modify them 
in any way.
 

VI. 	Estimated Cost
 

The 	 estimated cost for performance under this Task Order is 

$738,000.00 which amount is obligated hereunder.
 

The 	estimated cost is budgeted as follows:
 

Salaries, Wages and Overhead $630,800
 
Capital Equipment 47,100
 
Supplies 40,900
 
Travel 10,700
 
Publications 5,500
 
Consultants 3,000
 

TOTAL ESTIMATED COST $738,000
 

A more detailed budget is attached. Estimated ex­
penditures have been adjusted to reflect modifications
 
in the project design suggested by RAC.
 



FISCAL 1978 

Salaries & 
Overhead 

Capitol 
Items Supplies 

Travel Travel 
Local & US Overseas Publications Consultants TOTAL 

1. Broodstock 78,113 28,750 9,000 ?,000 117,863 

2. Spawn Conditions 7,397 500 7,897 

3 Induced Spawning' 126,662 9,450 5,600 800 1;500 144,012 

4.-, Larval Survival 20,178 1,600 21,778 

5. LarvalRearing 20,178 1,500 21,678 

6. Pathology 43,281 4,900 2,500 800 1,000 52,481 

7. Field Breeding 5,291 300 2,000 1,500 9,091 

301,100 43,100 21,000 3,600 2,000 2,500 1,500 374,800 



FISCAL 1979 

1. Broodstock 

Salaries & 
Overhead 

48,000 

Capitol 
Items 

1,000 

. Supplies 

5,000 

Travel Travel 
Local & US Overseas Publications Consultants TOTAL 

54,000 

2" Spawn Conditions 7,000 500 7,500 

3. Induced Spawning 87,000 2,000 - 2,600 800 2,000 94,400 

4.__ Larval.Survva'1- "50,000 2,600 52,600 

5. Larval Rearing 50,000 -2,400 52 ,40C 

6. Husbandry 30,000 3,000 33,OOC 

7. Pathology 45,500 1,000 .3,200 800 1,000 51,50C 

8. 'Field Breeding 12,200 

329,700 4000 

600 

19,900 1,600 

3'500 

3,500 3,000 

1,500 

1,500. 

17,80C 

363,20( 



Summary of RAC Recorrnendations - July.14-151, 1977 

Research on Artificial Propagation of Milkfish
 ..

- Oceanic.Institute,.Waimailo,
(Extension) 


Duration of extension, 2 years;
*Ha;jaii. 

*Ehrenreich,
additional cost $912,040. 


Ludinqton, Mloss,. Wishik.
 

That the project extension be approved a-t
 Recommendation: 

annual rate of funding with the following pro­

a reduced 
visions:
 

to "resolving the key
1. The major effort be 'given 

spawning problems.
 

2. Additional effort be given to fish-rearing 
units
 

and nutrition work.
 

Racial, radio tracking, and field breeding 
studies
 

3. 

in the' Philippines), .development of .(d:cep't the field work 

a cryogenic unit and hatchery be suspended 
at least for the
 

preseni
 

Theprojedl be"revie4ed for adequate 
*progress'and
 

4. 

brought back to RAC within a year.
 

Institute) had earlier been successful 
in 
%.. 

similar research,
 
-11 %

Note:* Unlike mullet, witn wnicn 


thdre are difficult problems related to 
spawning milkfish 

The Oceanic Institute did
 that are not easily resolved. 

most of the basic research work 

that lead to a partial
 

success by SEAFDECK, an LDC institution, 
'in getting
 

milkfish to spawn and RAC encouraged 
continued co-operation
 

and exchange of information of this type. RAC felt that 
the possibility of shifting subsequent 

research activities 

to Southeast Asia should be explored. 

chairman underscored*RAC review Subcommittee 
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VIRO' 'S;TAL TE.ESHOLD DECISIO1
 

TO: AA/TA, Hr. Curtis Farrar 

THFJ3: TA/PPij 
Ke M 

FR~:TA/AGR, -Leon ''H 
1 

esser: 

SUBJ!hV: Environmental Threshold Decis-on
 
Project Title: 
Research and Implementation of Milkfish PropagatioiProjec t ,:

Pr~oo-ct 1-.ia.ager: 
•. . 

p*ich'ad "__a_"
M 1E£NCE: n nv'oe Exa=ination (E:) contained in
 
-"dated 
 . July 7, 1977 

On the basis ot 
the Initial Envi.ronaental/:ix,.nat4on 
(IVE) referanccd
above and attached to this remorandum I recomand that you make the
followino- decision.. 

I . The proposed aGgihcy action is not a major.Federalaction which will have a significant effect on the human environ=ent.
 
-'
 2.* The proposed agency actIon

'which will have 	
is a major Federal actiona significant effect on *he human' environent, and: 

a. 	 An Envrc~n=enta1 Assessment is required: "or 
. An Enviro=e.,tal Ipact Stat'enenc is required. 

The cost of and schedule for this requircment is fully 'described inthe ref erenced .docucent. 

3. Our. enviro.-nal "e-xaoination is not comolete.
will subait the analysis no laer than 	 We
 
_ 
 with our reco-.endation
for an environr-ental threshold decision. 

Disapproved: " _.
 

WDde:j
 

Best .Available. Do.ueI~ 



--------------------------- 

----------

DIPACT IDENTIFICATION AND EVALUATION FORM 

Impact 
Identification 
and 

Impact Areas and Sub-areas l/ Evaluation _/ 

A. LAND USE 

1. Changing the character of the land through:
 

N 
a. Increasing the population 


b. 	Extracting natural resources 
N
 

-N"
 
c. Land clearing 


- .--------- N 
d. Changing soil character 


2. Altering natural defenses 	
N
 

3. Foreclosing important uses ------------	 N 

I. Jeopardizing man or hi's works --------- --	 N 

5. Other factors 

B. WATER QUALITY 

N 
1. 	Physical state of water 


L-------
L
 
2." Chemical and biological states 


3. Ecological balance - ----------


I. Other factors 

I/ See Explanatory Notes fov this form. 

2/ Use the following symbols: N - No enviroimnental impact 
"L Little envirorniental impact 
M- Moderate environuiental impact 

H - High environmental impact 
U -Unknown envirornmental impact
 

August 1976
 



2 II4PACT IDENTIFICATION A1ND EVALUATION FORm 

C. ATMOSPHERIC 

1. Air - _ _ NN1lti 

2. Air pollution N 

3. Noise pollution N 

4. Other factors
 

D. NATURAL RESOURCES
 

1. Diversion, altered use of 'iater N 

2. Irreversible, inefficient commitments N 

3. Other factors
 

E CULTURAL
 

1. Altering physical symbols ------------------------ N
 

2. Dilution of cultural traditions ------------------ N
 

3. Other factors
 

F. SOCIOECONOMIC
 

1. Changes in economic/employment patterns N
 

2. Changes in population ------------------------ N 

3. Changes in cultural patterns -------------------- N
 

4. Other factors 



A I. TRANSACTION CODE PAF 
AGENCY VrON INTE RNAlrtO~NAI OF.VEIOP.AC'NTPA 

PROJECT AUTHORIZATION AND REQUEST ADO---A D 
C CHAN4GE 	 2. DOCUMENT CODE 

FOR ALLOTMENT OF FUNDS PART I 00. OCLETE 	 5 
3 COUNIRYENTITY 	 4. DOCUMENT REVISION NUMBER -

TA/AGR RDA-27 A 	 Eli 
S. 	PROJECT NUMBER (7 di t) 6. SUREAU.'OFFICE 7. FROJECT TITLE (Wax.murn 4O characes,,) 

A SYMBOL a. CODE 

5 3 1 -0 5 2 6  ] TAB -08] IZrtificial Propagation of Milkfi h 
S. 	PROJECT ACTION TAK N 9. EST. PERIOD OF IMPLEMENTATION 

APPROVAL A" A WC Extension 
DECISION L10 	 S. [U SOISAPPROVLO 

10. APPROVED BUDGET AID APPROPRIATED FUNDS IS0001 

B. 	 PRIMARY PRIMARY TECH. CODE E. IST FY..78 H. 2NO FY- K. IRD FY. 
A. APPRO. PURPOSE 

PRIATION CODE C GRANT 0 LOAN F GHANT G LOAN I GRANT J LOAN L GRANT M. LOAN 

,FN J 121 1- 954 738 

13
 

141 

TOTALS 
IIt PROJECT 'UNOINO: A. U. 

AN 'IN_____________________LOANA. ~~~~~~ 	 Aa.O ~~IE AUTHORIZED GRANSTH FY- LIFE OF PROJECT 

lEN TER APPROPRIATE
 

PRIATION COOlISRlI
 
A. APPRO. N. 4TH FY-.... Q. 

0 GRANT P LOAN 4 GRANT S. LOAN T GRANT U. LOAN L 

1268 2INCREMENTAL 11LIFE
OF PROJECT 

(3) C. 

14) PROJECT FUNDING I^ 
/ 	 AUTHORIZED THRU 0 

TOTALS12L.i 

12. INITIAL PROJECT FUNDING ALLOTMENT REQUESTED 1S000) 

13. FUNDS RESERVED FOR ALLOTMENTS. 	 ALLOTMENT REQUEST NO. 

A. 	 APrNOI'HIAT ON 

C. G1HANI 0 LOAN TYPEO NAME Whi(.. SKRF.l-NF.SDI 

(I) 

12) SIGNATURE 

131 
DATE14) 

TOTALS
 

El000 L]14. SOURCE/ORIGIN OF GOODS AND SERVICES 	 94 1 LOCAL OTHER_____ 

15. FOR AMENDMENTS. NATURE OF CHANGE PROPOSED 

After being reviewed, this.ongoing project is to be extended
 
for an additional two years.
 

If. AUTMORIZING 17. ACTION DATE IS. ACTION REFERENCE ACTION REFERENCE DATE 
FOR 

PPC/PIAS 
USE ONLY 

OFFICE SYMBOL 
m 

I 

(Optional) 
m10 

I 
Y 

AID 120-6 17.71 



PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUNDS
 

PART II
 

ENTITY : TA/Bureau
 

PROJECT : Artificial Propagation of Milkfish
 

PROJECT NUMBER : 931-0526
 

I hereby authorize grant funds of $738,000 for a two-year 
extension of the research project with the Oceanic Insti­
tute until January 12, 1980. The scope of work described
 
in the contractor's proposal and as modified as a result
 
of RAC recommendations includes the development of methods
 
for maturing and spawning milkfish in captivity, for recog­
nition and treatment of diseases, and for rearing larvae
 
and juveniles in a dependable and efficient fashion.
 

This authorization also directs that an evaluation of
 
project progress be completed no later than September 30, 1978
 
and that a recommendation be sought from RAC to continue the
 
project beyond January 12, 1979 or to terminate the contract
 
after the first anniversary date of this extension.
 

Curtis Farrar
 
Attachments: Assistant Administrator for
 
1. Memorandum from Dr. Hesser to AA/TA Technical Assistance
 
2. Project Paper 4/11/77
 
3. 8/15/77 Addendum to Project Paper ,2
 
4. RAC Recommendations 

De
 

Clearance:
 

TA/AGR/F, DMJones,''JI 
TA/AGR, DClark .J. .'/4 
TA/RES, MRechcil 
TA/PPU, KMilow 



E1WIRObX2NTAL THRZSHOLD DECISIO-11 

TO: AA/TA, Mr. Curtis Farrar
 

TR1W: TA/PPU e Ke# 

FROME: TA/AGR, -Leon H-essez: 

SUBJECT: Environmental Threshold Decision 
Project Title: 
Research and Implementation of'Milkfish Propagatior
Projact v: Q l..Pr jcct 
 anaer: "-Pich'a4d "N61"PEFE'L CE: "Initia± 
 vlronenaJ Examination (IEZ) contained in
 

--- - dated July 7, 1977
 
On the basis of 
 the Initial Environmental/E:a,=nation (IEE) referencedabove and attached to this cemorandum I recozzend that you make the
following decision..
 

- y 1. The proposed agahcy action Isaction which not a major Federalwill have a significant effect on the human environment. 
2. The proposed agency action is
a =ajor Federal action
which will have a significant eifect on the human environment, and: 

a. An Envirco-ental Assessment is required; or 
,b. An Envirore:ntal Inpact Statement is required.


The cost of and schedule for this requirement is fully described inthe referenced .docucent. 

--.- _3. Our environmental -examination is notwill sublit the analysis no complete. Wlelater than 
 with our recocendationfor an enviror.zental threshold decision.
 

Approvd:j4& A 

Disapproved: 

Dzife:-4L . 1 07 

J'j / 

17 



-------------------------- 

IMPACT IDENTIFICATION AND EVALUATION FORM
 

Impact 
Identification
 
and
 

Impact Areas and Sub-areas l/ 	 Evaluation 2/ 

A. LAND USE
 

1. 	Changing the character of the land through:
 

....
a. 	Increasing the population N 

- . ... Nb. Extracting natural resources 


N'
c. 	Land clearing 


.....
d. 	 Changing soil character --.... N 

N2. Altering natural defenses 

3. Foreclosing important uses -..........-.. 	 N
 

i. Jeopardizing man or hib works ............ 	 N
 

5. Other factors 

B. 	 WATER QUALITY 

N1. Physical state of water 


2. Chemical and biological states 	----- --------

N
 ..
3. Ecological balance 


I. Other factors 

1/ See Explanatory Notes for this 	form. 

_/ Use the following symbols: N -	No environmental impact 
L - Little environmental impact 
M - Moderate environmental impact 

H - jigh environmental impact 
U - Unknown environmental impact
 

August 1976 



2 14PACT IDENTIFICATION AND EVALUATION FORMI 

C. ATMOSPHERIC 

1. Air - NNlitiv-

2. Air pollution - N 

3. Noise pollution - _- .. , __ ___ N 

1. Other factors
 

D. NATURAL RESOURCES
 

1. Diversion, altered use of water N 

2. Irreversible, inefficient commitments -------. N
 

3. Other factors
 

E'. CULTURAL 

1. Altering physical symbols ------------------- N
 

2. Dilution of cultural traditions ------------ N 

3. Other factors
 

F. SOCIOECONOMIC
 

i. Changes in economic/employment patterns . N
 

2. Changes in population -------- N 

3. Changes in cultural patterns ------------- N 

I. Other factors 




