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UNITED STATES GOV ERN\‘IEN'T
Memorandum \

TO * TA/AGR, Dr. P. M. DATE:  april 22, 1977

A=

FROM © TA/RES, Miloslav Rechcigl

—

SUBJECT: Milkfish Project Issues

We have just received and reviewed the second draft of the proposed
research project titled, '"Research and Implementation of Milkfish
Propagation'. We.note the extensive modifications that have been made
- as a result of our review of the first proposal and our meetings con-
cerning issues raised at that time. We find this proposal to be
satisfactory in terms of methodology and the program to be undertaken.
There remains, however, a couple of issues brought up by the latest
project review (18 March 1977) that should be addressed before the
proposal is sent to R&DC and RAC:

1. More details concerning the cooperation between the Oceanic
Institute and other foreign and domestic fish culturing prozracs
should be clarified and detailed in order to avoid duplication of
research-activity.

2. The spawning of milkfish is the project!s number one priority
and that other aspects of the project (i.e. race determination,
tracking, establishing cryogenic units, etc.) should not continue
until the number one priority is achieved.

3. The confirmation of several geographical races of milkfish
could possibly interfere with the potential technclogy transfer
to the LDC's. -

cc: TA/PPU:CMolfetto
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UNITED STATES GOVERNMENT

Memorandum

TO : TA/RES, Mr. Miloslav Rechcigl DATE: April 25, 1977
FROM : TA/AGR/F, Mr‘d Neal

SUBJECT: Milkfish Project Issues

In response to your memo of April 22, 1977 I would
like to address each of the three issues raised.

- 1. I believe details concerning cooperation with
other fish culturing programs are described ade-
quately on pages 12, 19 and 20 of the Project Paper;
however, additional information follows:

In the area of milkfish reproduction only two
other institutions have significant activities.
SEAFDEC in The Philippines is conducting surveys
of spawning grounds, tagging and studies of
handling and holding procedures, all closely
coordinated with the Oceanic Institute's work.
This cooperation will be the basis of the ex-
panded 0.I. activity in The Philippines. The
Tungkong Fisheries Research Station in Taiwan
is working with the artificial propagation of.
milkfish in close cooperation with 0.I. In
both cases 0.I. is clearly in the leadership
position with milkfish as it has been with
mullet for several years.

Information is being exchanged with other groups
mentioned on p. 12 in The Philippines, Hawaii,
India, Indonesia, Thailand and Japan.

The 0.I. freely publishes its research findings
and communicates with research groups around the
world which are involved with fish reproduction.
The facilities are open to visitors and many
opportunities for information exchange are pur-
sued with the numerous scientific visitors
attracted to the 0.I. by their outstanding
research contributions. 0.I. staff members
attend and participate in scientific meetings

in the fisheries field.

g
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There is little problem of duplication of research
activity because of the small number of research
efforts directed toward milkfish reproduction and
the close contact between 0.I. and those efforts.

2. I disagree with the interpretation of the project :
as indicated by your issue number 2. The spawning S{Auanﬂ
.of milkfish is number one priority and is treated

as such in the research plan. The other activities are

being continued as necessary parts of the total pro-

gram because they are supportive of the spawning work.
For example, the race determination work has already nocks

led to information that there are apparently different
races with different reproductive cycles. One race
matures at 4 years of age rather than at 5 or 6 years.
Some of these cycles will be easier to duplicate or
induce in captivity than others. Continued studies
should lead to identification of the "best'" race for
use as a domesticated milkfish.

The tracking work is contributing to our knowledge of /5J”&A~ﬁ
racial differerces, of spawning behavior and of en-
vironmental requirements for spawning and maturation. <
These data are directly supportive of studies of kﬂU*”ﬂ’“
holding methods for maturing adults (an essential

part of domestication) and of env1ronmentally con-

trolled spawning.

The cryogenic storage of sperm will enable scientists C”?ﬁf
to fertilize eggs spawned "out of season'" experi-

mentally when ripe males are not available. The

final test of egg viability is normal development of

the zygote. This research will enable more frequent
evaluation of maturation and spawnlng procedures with

females.

To defer work on these aspects of the problem until

after successful spawning has been achieved would

only delay progress toward ultimate objectives. .
Research to gain a better understanding in these /y>
areas ought to proceed pari passu so that the whole 3
range of scientific and technical problems can be 'Q
resolved as early as possible and thus avoid the ﬁ?ﬂ

delay in developing a comprehensive system, which

can generate a reliable flow of milkfish fry.
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In summary I believe a well rounded, but properly
proportioned research approach to this particular
problem is better than a narrow single-channelled
approach.

3. The study of milkfish races is important for
just this reason! We must have a better under-
standing of the differences between races. Al-
though it is likely that a hormonal approach to
spawning would be applicable to all races, it is
possible that an environmental approach which works
with a race domesticated in Hawaii would not work
in the Philippines with another race. Of course.
the race domesticated first may be the standard
milkfish breedused worldwide by fish farmers.

We do not believe these issues require further re-
solution prior to submission of the project to
R&DC, and urge an early submission of the proposal
for further review so that any revisions deemed
necessary can be made prior to RAC review.

Attachment:a/s



RESEARCH PROJECT PAPER

April 11, 1977

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, 1980.

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. Artificial 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.

Support 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'.
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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 is based on a proposal developed by the
Oceanic Institute, reviewed and modified by TAB and jointly
developed to its present form.



B. EXPANDED NARRATIVE STATEMENTS

- 1. General Backeround and Rationale

a. Background Information

Fisheries are one of the few food-producing industries whose growth
rate has kept ahead of the rate of population increase since World War II. In
order to maintain present per capita consumption, however, fish production will
have to reach 107 million tons annually by 1985. If consumption increases are to
be sustained without irreparably depleting stocks and endangering prized species,
much greater reliance must be placed upon controlled fish production (aguaculture)
as an ever-increasing complement to wild fish capture.

Fish supply about 10 percent of the animal protein and three percent of the
total protein in human diets worldwide. However, while in "high-calorie coun-
tries" it constitutes 6.7 percent of animal protein supplies, in "low-calorie
countries' (i.e., the LDC's) it supplies 21 percent. In parts of Southeast Asia,
fish constitute a2 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, the Near East, and landlocked
countries such as Bolivia, Paraguay, Nepal, Afganistan and most of the Sahelian
countries, fish often represent as little as one percent of all animal protein con-
sumed. In many countries, 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 (mmt), an
increase of over 350 percent since- 1948. Inland waters supplied 9.5 mmt, or
nearly 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 fishmeasl,

oil or for uses such as fish flour, margarine, cooking fats, industrial uses, and
livestock and poultry feed.

The world's largest fish producers in 1974 were: (1) Japan 10.773 mmt,
(2) Russia 9.235 mmt, (3) China (mainland) 6. 880 mmt, (4) Peru 4. 145 mmt,
(5) USA 2.743 mmt, and (6) Norway 2.644 mmt. Seven developing countries are
among the top 14 nations; they are: (1) India 2.255 mmt, (2) Korea (north and
south) 2. 240 mmt, (3) Thailand 1.626 mmt, (4) Indonesia 1.341 mmt, (5)
Philippines 1.291 mmt, (6) Chile 1.126 mmt, and (7) Vietnam (north and south)
1. 080 mmt. )

Fish production is the cheapest and nutritionally one of the highest quality
sources of animal protein. The protein content of fish is comparable to that of
beef, pork, and lamb, and it is an excellent source of calcium. But most impor-
tantly, 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. pBut with

‘tilapia, catfish and probably many unexplored types of fish,

the weight gain approaches 1,000 grams - - i1.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 culfture specific

with 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 among
low-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) excrements; and other organic byproducts. Conversely
such wastes from other animals are a principal source of
environmental contamination.

2. Pond fish production is a concomitant of good surface
water management designed for erosion control and other conser-
vation purposes.

3. By increasing animal protein production on a highly
land-intensive basis, aquaculture can remove pressure of over-
grazing by land animals, a most direct source of ecoclogical
destruction in most LDC's.

b. Project Extension

The program objective is to breed the milkfish, Chanos

chanos, in captivity and to raise the fry from the egg, under-

taking 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 adult maturin
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.



Procedures for capturing and handling the fragile wild
breeding fish have been improved. Evidence: suggests the need
to minimize handling, to use fish with oocytes of 0.7 mm
diameter or above, and to inject once immediately upon cep-
ture. Experience suggests low-level injections are perferable,
possibly followed by artificial stripping; however, control of
stress is essenticl.

Work . on health care and husbandry continues to be productive.
The handling techniques developed to reduce stress have been
beneficial. In addition to previcus information on the stress
of the adult fish during capture, autopsies have revealed in-
cidences of blood clots. Wild fish have also shown evidence of
gastritis, particularly when taken from the heavily polluted
coastal areas.

Significant experience has been gained in procedures for
holding experimental populations for maturation and spawning
v experiments. The resident population of fish on site numbers
50 adult fish,..65 subadult fish, and about 100 O-group juveniles.
Over 89 adult fish were caught during the second year, but losses
¥ sustained. One entire tank of 12 fish was 1lost by mechanical
) accident following storm damage; several adult fish were poached;
and others died during experimental treatment,

=g

Captive adult fish have been conditioned for twelve months
in manipulated environmental conditions (18L/6D) at 25% C, but
failed to show any oocyte development. The diet of the captive
stock has been changed for one with a higher protein composition
in an effort to improve this performance.

In summer of the second year of the project, seven mature
fish were captured and deemed ready for spawning inducement.
Following the results of the first year with doses of salmon
gonadotropin S5G-Gl00 at levels similar to those used for the
grey 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 hypophysatqgfcompletely and
released eggs. One fish receiving several small injections

ied. The eggs of the rest of the fish went atretic.,® These

N 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
WwWdifferences 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.

BEST AVAILABLE COFY
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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-
metric data are being pooled; and there are beneficial
exchanges of data on physiology, reproductiony and general
handling.

A total of five publications felevant 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-

i?/ larly difficult and complex problem, but has assumed
a prominent leadership role in the field and is now in
Q position to make a breakthrough of major importance.

{ﬁ -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
is attributable to a substantial increase in the personnel
required to focus necessary attention on this research,
the travel and personnel requirements related to additional
field work in the Philippines, and new holding facilities

g) to increase available numbers of experimental adult fish.
§ Although important progress has been made with about 39

Q;E %§ man months of effort, the completion of the research will
N 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. Research Purpose and Expected Products

a. Purpose

The purpose of this project is to learn how to increase the potential
({9; effective controlled production of young n m11kf1.sh 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-
dictable quantity of juvenile fish to the fish farmers. Specific objectives are:

(1) To induce spawning. of milkfish in captivity econom-_
ically and 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
juveniles. o .

(5) To develop handling techniques for Jjuveniles that
will assure low mortality in 1;he farmers' 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 millkfish 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 tiie annual production of 2, 000 metric tons of mature grey mullet
in Taiwan involves an annual collection of 10, 600, 000 juveniles from coastal
waters. Japan has set an annual catch limit of 31 million juvenile yellowfish; a
similar limit on young eel caich has caused Japanese eel farmers to scour the
world for seedstock. Crude calculation suggesis 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-
tain juvenile catches of this magnitude.

Although an interrelated set of factors are involved, the technical constraints
' managed juvenile fish procuction fall into two categories: brackishwater paregt
STT‘) 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 milkfish even thouzh much of this is known for the mullet.
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Research, largely by the principals of this project, primarily with mullet
species, has gone 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

¢ principa] factor causing fish to go to sea for breedmfr purposes. Regularly in-
duced spawning has been achieved by use of salmon hormones. . The investigators
. have found considerable promise from use of buman hormones, and the very much
<§J cheaper hormones from several other mammals. However, a number of environ-

mental variables appear stroncrly to influence physiological changes in the pituitary
gland and to stimuate gonads to time-controllable maturity. This study would
clarify those variables in quantitative 'Fglatmn:.hm to their effects on ~<production.
Once these relationships can be sufficiently understood and controllei:” 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 understanding the biological mechanisms, ard their relationships
to environmental factors, which result in the extremely high mortality ratios of
fertilized eggs and fish larvae. Relationships to laryae suryixal of a large num-
ber of variables--especially temperature, salipify, 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
W

body fluid balances are maintained. In fact, it would appear that several of the

t  other noted variables are associated with survival not so much directly as via
their effect on body fluid supplies.~ Clearly quantity and type of food intake and
salinity of the epvironmental water have direct bearirg on body fluids during the
first eritical 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 guantities, through the right
means and at the critical times that the excessive mortality can be reduced.

To the extent possible during fish breediri a selection will be made of
brood fish of propensity toward h1°'her larvae surv1va.1 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 macle a relatively modest cost component of
the entire aquacultural enterprise. The numbers of larvae produced per fish are
_So enormoyg that the numbers of brood fish required for continuous productmn
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
necessary to reduce mortality and improve performance
of the juveniles through delivery to fish farmers and
subsequent production activities. '

3. Relevance and Significance of 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
for fish culture can be space essentially unused for food
prcduction---marshes, land with saltladen soils, brackish
and saltwater streams, estuaries and sea shelves. Many
of the suitable sites are public lands or waters available
_ to the rural poor who own no land. The most rapid recent
expansion of milkfish farming has been labor inténsive
pen culture in natural waters utilizing bamboo cages, and
requiring 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 1lbs. 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
of 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.
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b. Side Effects

Environmental side effects are predominantly beneficial. There is the
minimum tradeoff with land animal production as aquaculture mostly occupies non-
agricultural land, but does compete for fertilizer and, in some cases, raw mate-
rials 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 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 Knowledce

The countries of Indonesia, the Philippines, and Taiwan are the three main
centers of milkfish culture. The traditional practices in Indonesia (about 350
kg/ha per annum) and the Philippines (600 kg/ha) are less productive than the new |
technigues 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 fry, and this is very evident in Taiwan which for many years imported ’f s
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 milkfish 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 Hawaiji. Currently, egg and larval surveys are being conducted in Thdiland
and South India, and there is a UNDP-supported project involving milk{ish 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. '
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a. Behavior and Bio-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. Ege and Larval Survevs

,.

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

c. Maturation and Reoroduction

Data on reproductive physiclogy of the fish are all recent. Work is ATD
predominantly being conducted in Hawaii, Taiwan, and the Philippines. Details -
are being provided on gonad development for both males and females. Préliminary
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
larval rearing. New data await the success of induced spawning. Rearing of fry
after the yolii~-sac stages is well established and traditional but can be improved
by better handling and distribution techniques.

e. Predators, Pathologv, and Phvsiology 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 spécies
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



projects undertaken by the International Center for Allied
Aquacultures at Auburn University, Alabama. With the sup-
port of the Auburn Center, the Agency has concentrated L&
strongly on improving the freshwater fisheries of Central

and South America, and in ATFica. Support £6 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
fisheries topics, particularly in working on areas of key
constraints. :

The International Center of Auburn through its involve-
ment with the Agency-backed University of the Philippines.

Inland Fisheries Projeck, is involved in pond management
or 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
Center and the Southeast Asian Flsherles Development Center
in the Philippines. Contributors fo the program are “{ndi=™
viduals from projects supported by the Taiwan Fisheries
Research Institute, the University of the Philippines, the
Philippine Council for Agriculture and Resources Research,
the Philippine Bureau of Fisheries and Aguatic Resources,
the Hawaii Institute of Marine Biology, the Central
Fisheries Research Institutes of India, the Shrimp Culture
Research Centre of Indonesia, Thailand Department of
Fisheries; and the Ichthyological Society of Japan. Many
of these projects are backed by funds from international
development agencies.

Finally, and most important, the Agency interest in
aquacul ture closely parallels the objectives of the newly
established Interpatignal..genter fon Living.Aguatic
\ggggggggg_MQQgggmgg;. The new organization has a strong
interest 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 Hawaiil can be the nucleus of a technical group
applying research and technology to a much wider range of
brackishwater species and coastal aquacul ture production
problems working in association with the broader objectives
of ICLARM.
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6. Research Project Design and Methods

a. Design Procedure and Tasks

The research project design and methads 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
correct experimental procedures have been stressed and
experimental designs facilitating statistical analysis of
results are used routinely. In instances where only a few
experimental animals have been available only preliminary
trials have been possible. These trials have lead to the
establishment of appropriate ranges of parameters to
be examined in later properly designed experiments.

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).

2

(b) Collectibn and growing-on 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,

(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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(3) 1Induce spawning by hormone injection was 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.

Experiments will include:

i.’ Detefmine natural reproductive physiology
(for both sexes) from immaturity.

~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 labbratory.

(a) Nursery I.(Day O - 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 juvenile 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 ©
Jjuveniles. '

* An estimated stage differentiation.

14.
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(6) Improve handling and husbandry of juveniles.

(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 for fry distribution.

The new contract proposes to extend the project with
the following specific tasks in years FY 04 and FY 05.

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

(a) Routine examinatioh 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
farmer.

(8) Commence tracking and tagging operations in the field.

(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.



l6.

(10) Establish a cryogenic unit.

(a) Collect and preserve sperm,

(b) Tést periodically for viability.
(11) Begin hatchery development.

(a) Site selection survey.

(b) Engineering dréwing and design.

(c) Construction planning,

b. Tasks, Targets, and Milestones

See Figure 1.

¢. Resources Required

The staff resources required are those which would con-
stitute a multidisciplinary team of scientists, technologists,

engineers, and practical qulturists. Briefly, the elements
are: '

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

ii. Fish culture - requiring a Ph.D. teagm 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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ifi. Pathology — requiring a Ph.D. team leader and a resgarch
assistant responsible for the health and care of the fish and re-
search aspects related to the project.

- fv. Engineering — requiring a certified engineer team leader sup-
ported by a junior_engineer for equipment development, hatchery
technology, and 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 aquacul- A 2
tu;;g group. Liaison between the group(s) would be made through the Agency MW
centers and some of their established technical support. For example, in the
Philippines, the work could be linked through the UP.ITFP 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 fwe new elements to
the original six elements, is $912, 040, 00. !

7. Contribution to Institution Building

In most developing countries, existing aquaculture centers are extremely
‘small with limited facilities for research or pilot-scale operations. Few have
interdisciplinary teams of workers or the equipment 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,
where funding is much easier comparatively, it is recognized that excessive dif-
fusion of research funds negates the quality and intention of the work.

The high-priority research problems in aquaculture in most regions of the
world have been formulated many times by expert groups. Within the limits of
the available funding resources, a few existing institutions in the developed world
are attempting 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 centers
will concentrate their efforts on major problems of general regional and
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inter-regional importance, implementing the rcsults 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 programs. It
will increase the overall competence and efficiency of the personnel, and assure
more effective utilization of equipment, facilities, and instrumentation. As a re-
sult, it will provide the Agency with another center of coripetence in aquaculture
and fisheries, together with the International Center for Allied Aquaculture at

Auburn University and the University of Rhode Isiand, capable of applying present
and future Agency projects in the 1.DC's.

8. Plans for Utilization

The principal utilization potential lies in a country-by-country effort to
select key opportunities for aquacultural development and tying them appropriately
for technical support to these institutional expertise centers, once the aspects
limiting the husbandry of the fish are learned. TAB is investing a major cffort in
support of this effort, particularly toward effecting the necessary integration of
effort and experience among the research centers and between them as a group
and the aquacultural programs of individual LDC's.

The LDC's interest in aquaculture is growing rapidly. One
aggressive country effort is underway in the Philippines under
the general technical assistance tutelage of Auburn University.
If economic or marketing problems become central. Oceanic
will solicit Rhode Island's cooperation.

Brazil is developing, also with assistance from Auburn a
research and development center which Brazilians hope can be
a center of support for aquaculture in abutting countries if
not, indeed, for the oontinent. Colombia, Vietnam, Laos,
and others have active growing programs.

The Rockefeller Foundation has established an internaticnal
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.
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9. Research Competence and Resources

The staff 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 all aspects of juvenile milkfish production and
distribution. The present work is fundamental to the effective-
ness of Auburn and Rhode Island in saltwater and brackishwater
production systems.

The Qceanic Institute supported a five-year study on the artificial propaga- M
tion of the grey mullet, Mugil cephalus, supplying one-third matching funds to MD_J
annual grants from the Oifiice of Sea Grant (U.S. Department of Commerce, NOAA).
The support was terminated on 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-
viddd by the International Center for Living Aquatic Resources Management to .
implement mullet hatchery technology in the LDC's. '

The aquaculture team at the Institute is recognized internationally as a lead- Of
ing authority on induced spawning and artificial propagation of brackishwater <l
species, particularly the mullet. Ietters from people in both developed and de- V}g‘m
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 Taiwan, with whom the Institute staff has worked closely over
the years. The two organizations have produced the majority of
technical reports and procedural manuals on the artificial
propagation of a brackishwater fish. -0

Few other aquaculfure organizations could take on the artificial prépagation
program for milkfish without major investment and relocation of key and experi-
enced personnel.

Dr. H. 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
Aquaculmure 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 serior researchers including Albert C. Smith, Ph.D.,
M.D., and Guy N. Rothwel, Jr., B.S., C.E.
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The Oceanic Institute's physical facilities are modest
but 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
space, 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-
pleted and construction will start in 1977. This will be a
key focal point for fish culture work in the Pacific and has
direct relevance to the aquaculture needs of LDC's everywhere.

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

See following tables.
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FISCAL 1973

Salaries &  Capitol | Travel Travel
Overhead liews Supnlics ~ Local & US Overscas  Publications Consultants TOTAL
1. Broodstock A58,113 16,750 7,000 é,ooo 83,863 .
2. Spawn Conditions 10,397 500 10,897
3. Induced Spawning' 93, 625 9,450 . 3,600 800 500 112, 975
4. Larval Survival 30,178 1,-606 31,778
5. Larval Rearing 30,178 1,500 31,678
6. Husbandry 3,013 3,000 26, 013
7. Pathology 53, 251 4,900 3,500 800 1,000 68,481
8. Tracking - 37,327 8,500 4,800 500 2,500 53, 627
9. .Field Breeding 10,291 500 3,300 1,500 15,551
10. Cryogenics 10,301 1,700 1,700 12,701
11. Engineering 10, 063 1, 100 3,300 14, 163
376, 797 32,800 32,500 3, 600 11,400 2, 000 4,000 463,097

)
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Broodstock

Spawn Conditions

Induced Spawning

Larval Survival

Larval Rearing

Husbandry

. ~-Pathology

“fracking

Field Breeding

10. Cryogenics

Engineering

FISCAL 1979

Travel

Salaries & Cipitol Travel :
Overhead ltcms Sunnlics  Local & US OQversecas  Publications Consultants TOTAT
41,507 G, 000 6, 500 2,300 500 56,807
5,499 5,499
.95,092 1,500 3,000 1,600 500 102, 292
.45,888 1,009 46, 838
40,362 500 40,862
33,266 2, 000 35, 266
58, 286 500 2,000 800 1,000 62,586
39,829 1,000 . 800 3, 500 500 2, 500 48, 128
13, 236 1,000 < 3, 500 1,500 19, 236
10,301 1,800 112, 101
12,078 3, 200 3, 500 500 19, 278
395,943 5,500 10, 500 3,000 4,000 446,943

8,000 22,000



-11. 'Work Plan 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 statf, 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 505 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 brackishwater ponds)

We have collected (with no significant losses) 100 first-year-class juveniles, 1oe h R
plus an additional 100 subadults. Immature fish will continue to be taken whenever ;06 W‘g'@’
encountered. 1llethods to ensure high survival of adults and juveniles will be im-

proved further. Collection of these fish will be primarily from fishponds. Juve-

niles and fry will be stocked in ponds at O.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 milkfish 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 O.1.
will continue to exploit information regarding spawning and migratory patterns of
the milkfish, Collection of fish from migratory pathways in Hawaii will be ex-
pected when and if su¢h runs have been identified.

d. Development of broodstock husbandry

Diet requirements will be defined through laboratory and growout experi-
ments. Cooperation with other laboratories such as HINMB which currently have
necessary {acilities for laboratory analysis will occur. A satisfactory prepared
feed for milkfish is expected. Growout trials in ponds will be conducted at O.1I.
and, as opportunities arise, in association with various pond owners throughout
the State. Disease ard 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 pathology program and Q \
"will be emphasized. A manual will be written, with a preliminary draft available \ v\
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 eliminate injury and mortality will be made. Adult fish w
(>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 while fin clipping has short-term utility, a
combination of segregation and tagging is necessary in the long term. Work with
plastic tags will continue, leading tc 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 by
environmental 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 fo be studied in the laboratory under photoperiod and temperature control.

Item 2 -~ Establish Conditions for Snawning

a. Determination of natural spawning conditions (through

location of spawning sites)

An electronic fishtag has been develoned, and data on inshore currents in
Hawaii have been compiled. Subject to the success of the tagging trials scheduled
for summer 1977, and/or to obiaining notice of observations of a milkfish spawn-~
ing event, a small-scale survey of the physical, chemical, and biological proper-
ties of the spawning location will be made by O.I. personnel. The resulis will be
used 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 (photoperiod of 18L/6D,. water temperature of 26° C) were con-
ducted from January 1976 to December 1976. Two sets of salinity (32 9/00 and
10-12 9/00) 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 spontaneous spawning of milkfish in con-
finement 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 milkfish -
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 O.1.
staff is planning to join the SEAFDEC/IRDC team at Pandau, Philiopines, in
. April 1977. All the results will be reported and a procedural manual of induced
breeding of milkfish will be published for technology transfer use.
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b. Determine cost effectiveness of readily available hormones
As a standard induced spawning technique is established, search for alter-
native normones 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 milkfish, :

Item 4 - Improve Survival of Larvae in Laborafbrl

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. Coonera-
tion with the NDIFS 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 Nursery 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 methods
range from 2. 3% 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. Nui'sery O (Day 21 - Day 50*) development

' Definition of Nursery I rearing procedure with recommended
faciliies, 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 milkfish to juvenile stage. These methods will expand upon

*An estimated stage differentiation.
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current literature and observations on the rearing of milkfish 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 species, 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

v

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

‘Item 6 - Improve Handling and Husbandry of Juveniles

a. Improve collection of juveniles from Nursery II facilities

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

r

b. Develop safe transportatidn 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.

28.
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Item 7 - Conduct Practical Pathological Treatment ($ 68.481 & 62 586)
b bd

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

All milkfish, whether ocean or pond captive or fish maintained on site, will
be routinely autopsied. In addition to standard autopsy procedures with body organs,
particular attention will be paid to new pathogens. Records of such will continue
to be filed with the Smithsonian 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 of
naturally occuring pathogens which effect milkfish of all ages and origins.

b. Conduct tests using modern clinical methods.

New methods for detecting pathogens will be developed using relevant medical
techniques. Continued attention will be paid to the pathogens known or thought to

" be relevant to the condition of nervous stress,as reported in 1976. Treatments will be
applied to hoth newly caught and resident fish, and also tested during specific
experiments designed to encourage stress among resident stocks. The results will
be published as developed. End results (though continual) will be substantial
pathological data on the stress factors of milkfish and other brackishwater fish,

.and a practical improvement in the handling capabilities of live adult milkfish for
captivity 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 and
maintenance of milkfish. Cooperative work will he maintained with the pathology
laboratory of St. Francis Ilospital, and the Hawaii College of Tropical Agriculture.
Material for research has and will continue to be derived from both captive and
wildstock of all age groups. End results (though continual) will be substantial
pathological research data reportcd as it develops. Results of a practical nature
will be interpreted and printed as information leaflets.

Item 8 - Commence Tracking and Tagging Opérations in the Tield. ($ 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 NMT'S Honolulu Laboratory, and the University of Hawaii Department of Marine
Biology. ) :
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These collections will be examined to determine if they have been recorded Rwﬁn&/‘%
sufficiently site and time specific to give clues to milkfish spawning grounds in M‘\
Hawaii. If this looks promising, an attempt will be made to identify millfish eggs %
and larvae in selected samples, and to relate the data developed to geography,
season, and ocean currents. The results of this work will be reported in a paper
on or about January 1978, 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
will be reported on or about January 1978, along with data above.

b.. Capture, Tag, and Track AdultFish and Synchronize Plankton To ws.

Development of the electronic tag circuitry is complete, and it is planned
that 50 will be made up by summer 1977. Ten of these will be expended
during the summer spawning period during trials in Kaneohe Bay to develop tech~
niques 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 milkfish eggs to learn more of egg incubation
and coastal movement of larvae,

c. Conduct Large Trials on Location in the Philippines.

ik
The accomplishment of this item will depend very largely upon arrangements m '
with and cooperation by existing organizations in the Philippines. No detailed

plans have vet been formulated for this item. We expect that a memorandum out~

lining a planned field operation will have been written, circulated among the

interested organizations, and approved by March 1978, leading to field operations

beginnirg in that year.

Item 9 - Conduct Experimentation on 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 expense
of the project to work with the SEAFDEC/IRDC team at Pandan, Philippines. In
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March 1577 a staff member of the Hawaii Institute of Marine Biology was commissioned
to visit Palau in the Trust Territory to make preliminary observations on reported
lunar spawnings of milkfish. If these missions are successful, 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-check!
injections, using gonadotropins, HCG, and prostaglandins, etc. The results will

be data which will set the rarges for controlled experimentation on captive fish,
Observations on spawning will also direct eonstruction of futurc facilities for captive
fish (that is, large units for schooling behavior). The program will also provide
strong linkages with other units in the field (SEAFDEC and MMRC) and other inter-
national programs (IDRC).

b. Design TIield 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 Philippines. A small portable ficld
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 (though continual) will be material to advance other program sub-projccts

(#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 he 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 be 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 assocation with
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SEAFDEC in the Philippines. The end results will be recommendations for sperm

banks (should the practice prove feasible), and their use with genetic programs at
hatcheries. The data will be published.

*

Item 11 - Hatcherv Development (§ 14,463 & 19,278)

a. Site Selection Survey

At this time it is not possible to state with an assurance, where or when a
milkfish hatchery will be constructed or by whom. The responsibility of the engi-
neering group is therefore to gather engineering information from what ever source,
and to assemble a design memorandum containing appropriate site selection criteria, «"\%
hatchery schematics including space requirements, tankage volumes, water supply \
and management schematics, and as much detail as possible on such aspects of Y’) \q'\q
brackish/saltwater fish hatchery design as are not site-specific. At present, Y’J’
we envision the first "editionof this memorandum as complete at the end of June,
1978, and available for review and responses by other workers in the field at that

time. A seond edition would be published in June, 1979.

b. . Engineering Drawing and Design

This is properly accomplished by professionals in the country of interest,
if such exist, aided by consultation from our engineering group. Because of the
nebulous nature of the eventual hatchery locations, size, owner, etc., we have
provided only modest allowances of time (2 man months/year) for this category.
The bulk of the actual corsultation costs should be defrayed from the appropriation
for hatchery design and ccnstruction, which is outside the scope of the present contract.

c. .Construction Planning

Working with the International Center for Living Aquatic Resources Management
(ICLARM), the Institute is preparing a Hatchery Design Guide for the breeding and

propagation of grey mullet and (potentially) other brackishwater fish. The Institute

will be using this guide to implement construction of a hatchery in a developing country - QIJ\
as part of ICLARM's program in aquaculture. The project proposes to update . "*,UL
this Design Guide using the most recent techniques (if available) for the milkfish. CK""\C\%D
A Guide for milkfish propagation might therefore he available by January 1950,
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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 project. Questions
involving technical matters, funding and managerial
decisions 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/CH).

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

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.

Copies of reports resulting from these reviews are
attached. Reviewers were generally complimentary and .
agreed with the importance of this research. Oceanic
Institute has been responsive to the criticisms of the
first review team and the proposal for continuation reflects
responses to the second review. Specifically, new holding
facilities are being constructed to increase the numbers
of experimental adult animals available, major emphasis
is being placed on development of hcrmone 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. -

1l4. Proposing Office General Approval

The project has a very high rating from the Sponsoring
Officde with respect to the importance of the research to
the rural poor in LDC's, the quality of the research con-
ducted 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 the
project,and this office supports the need for such an increase.



The highest priority should be plzced upon perfecting
techniques for hormonal jinducement of spawning and the
aquisition of sufficient adult fish to complete this
phase of the research. Most other activities are suppor-
tive of this role and are, therefore, also important.
Efforts 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.

15. 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 Chinese,
one Hawaiian, one Jew, and six Caucasians. The project
also involves local fishermen principally Orientals and
Hawaiians hired according to their ability to deliver
live adult fish. .o

Of the total Institute staff, some of whom provide
administrative and clerical 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, but 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.



AID ¥0320-28 (1-72)

Project Title & Number:

PROJECT DESIGN SUMMARNY
LOGICAL FRAMEWORK

Ntesearch and Implementation of Milkfish Propapgation

Lita ol Prolgct:

From Py 1975 1o Fy _1980
Totad US. Funding _$1, 410, 109
Date Picpaied:_April 8, 1977

__ NARRATIVE SUMMARY

OBIECTIVELY VENIFIADLE INDICATORS

MEANS OF VERIFICATION

IMPONTANT ASSUMPTIONS

Program or Sector Goal: The bioader oblective 1o

which this project contrlbutes: )
To promote flsh farming thereby

Measures of Goal Achlevement:

1. Increase of production of

-

Flshery statistics.

Assumpticns Tor achicving goal targets:

1. Land and tabor resiources, for
Increased saltwaler (lsh farming

increasing avallability of low-priced [ish in LDC's. 2. Economic studles of I'ish farm-|are avallable.
food and opportunities for 2. Ilncreased consumptlion of ing and product distributlion. |2. Fingerliing suppllies from
employment for Lhe rural poor. fish by the rural poor, 3. Observation of use ol new wild slocks arc inattlequale
3. Increascd employment of technology in LUC's. and 1imlt produclion.
poor in flsh farming 3. Ualchery procedures will .be
actlvities. used when practical Lechnolopy
is avatlable.
4. Appropriate extension work
will make lLechnolopy available.
Project Purpose: o Conditions that will indicale purpose has boen ! Assumptions for achieving purpose:
. schieved: End of project status. _
To develop dependable methods 1. Description of methods of 1. Data collecled during research{That reseavch approach Is valld.
for maturing and spawning handiinp adults. and demonstration activitlies.
milkfish and for rearing fry 2. Demonstratlion of methods for | 2. Acceptltablllty of results for That melhod simllar Lo Lhose
to a slze sullable for stockling. [holding and maturing adult fish -publicatlon in sclentific used wilh olher fish (c.g. mullet
in captivilLy. Journals. can be developed within glven
3. Description of practical 3. Projecct reviews. time frame.
techniques for inducing spawning
on demand.
4. Description of methods for
rearing fry.
Outputs: Magnlieda of Oupurs: Assumptlions for achieving outpuls:
Publications describing metho- Minimum of 5 sctentific and/or 1. ObLserved publication of report]l. Research resulls will be
dology and technlques, for holding [technical reports with at lcast |2. Discusslions and feedback with |publ lshed and dlslributed.

maturing, spawning mllkfish and
for rearing fry.

500 coples of each rcport

Leing wmade avallable Uhrough
publication 1n scilentifrfic Jjour-
nals and wldespread distribution
of reprints in appropriate LDC's

Lhe scientific comnunity.

2. Appropriate extension
mechanisms are operating.

Inputs:

Sclientific manpower
Suppliesn
Equipment

Travel funds »

linplemerntation Target {Type and Quantity)

156 man months per year

as budpeted

[P

Contractors Annual Report
Project monagnmenl rreerda

Audlt recports

Assumpltlons lor providing inputs:

Proposal is (unded as requested.

il



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 - presaudi.

Co-Director, Aquaculture Division, Oceanic Institute, 1971 - 1973,

Assistant Principal Officer, Fish Farming, for White Fish Authority, 1970.

Research Officer and Project Head for aguaculture in discharges from
electricity generating plants, for White 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-preseant.

Editorial Board
Aquaculture, Elsevier Publishing Co., Amsterdam.

April, 1976



Colin E. Nash, Ph.D.

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. DPower 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. 197C. Marine fish fai'ming, Part II. 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, pleuronectzs, 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 injectiop of human
chorionic gonadotropin (HCG). Agquaculture 1:429-432.

Shehadeh, Z.H., C-M. Kuo, and C.E. Nash. 1973. Establishing brood
stock of grey mullet (Mugil ccphalus 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 in grey mullet (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.

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.

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

Nash, C.E. and J.R. Sylvester. 1974. Thermal toleraxce of eggs and larvae
of Hawaiian striped mullet (Mugil cephalus L.). Trans. Am. Fish Soc.
(in press).

Sylvester, J.R., C.E. Nash and C.R. Emberson. 1974. Preliminary study
oi temper ature tolerance in juvenile Hawaiian mullet (Mug cephalus)
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 IBP/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 Int'l 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.

Lee, J.H., C.E. Nash, and J.R. Sylvester. 1975. Effects of mirex and

methoxychlor on striped mullet, Mugil cephalus . EPA Grant No. R 802348,

Report No. EPA-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. 7:621-629.

Sylvester, J.R., C.E. Nash. 1975, Thermal tolerance of eggs and larvae of
Hawaiian striped mullet, Mugil cephalus 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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Restricted Papers for the White Fish Authoritv

Seﬁior 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 Hunterston, 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 marin 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 and 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 Flshery Biology, Natlonal 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,
pp 2-7 (in Chinese).

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

Shehgdeh, 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 ovarian development in the grey
mullet (M (Mugil cephalus L.) J. Fish Biol. 5:489-496.

October 1976



Ching-Ming Kub, Ph. D.
(Publications - continued)
Kuo, C~-M., Z.H. Shehadeh and K.K. Milisen. 1973. A preliminary

report on the development, growth and survival of laboratory reared
larvae of the grey mullet (Mugil cephalus L.) J. Fish Biol. 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.
Aquaculfure 2:379-384.

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. 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. Nashand Z.H- ;Shehadeh. 1974. A procedural guide
to induce spawning in grey mullet (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-1. Kuo. 1974. Hypotheses for problems impeding the
mass propagation of grey mullet and other finfish. Paper presented
at IBP/PM 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
(Mugil ccphalus 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



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 construction
contract drawings) for ocean related projects including 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 Platform
Study; responsible for conceptual and preliminary engineering de-
sign, coordination with consultants and technical supervision of
engineering staff,

President and Chief Engineer, Pacific Submersibles, Inc., 1967 - 1370,
A Hawaiian Company which operated the research submersible
NAIA. Projects included marine biology research, bottom surveys,
development and testing of undersea products, oil field and pipeline
surveys, and militairy ordnance recovery in Hawaii, the Gulf of
Mexico and the Gulf of Suez. Developed several electro~-mechanical
work systems for the submersible, including remote manipulators,
a large object recovery device, and an oil field work jig for servicing
undersea 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, under-
sea pipelines and cables; a nuclear reactor refueling facility; and
several underground facilities resistant to nuclear weapons.

Chief Engineer, Rothwell, Lester & Phillips, Architects and Engineers,
1961 - 1963, Structural design of large buildings, waterfront struct-
ures, and harbors; operated a hydraulic model laboratory for the
State of Hawaii in connection with harbor design projects,



Structural Engineer, Paderewski, Mitchell & Dean, San Diego, Cal.,
1959 - 1961, Broad tange of engineering structures: hospitals,
schools, hotels, apartment buildings, industrial structures.

Structural Designer, Daniel, Mann, Johnson & Mendenhall, Los Angeles,
Cal,, 1956 - 1959, Missile launching facilities, large commercial,

aseismic 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%C-]abeled phytoplankton. 1976, Oceanic Institute.

Inertial motion sensing package for model tests in connection with OTEC
platform study. Vertical gyro reference, triaxial accelerometer,
pressure proof case, weight 11 1b. Remote digitizing and logging
equipment can receive data by wire or FM telemetry. 1978, 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, '



Surface-following wave measuring buoy. 1972,0ceanic 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, 18964, Guy Rothwell & Associates.

Publications

Principal author or co-author, over a period of twenty years, of a large
number of major and minor pieces of engineering documentation, such

as proposals, conceptual designs, preliminary engineering reports, re-
search reports, environmental impact statements, construction contract
drawings and specifications, etc. Clients have included the U,S, Air Force,
U.S.Navy, Army Engineer Corps, Federal Aviation Agency, U.S. Depart-
ment 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

EDUCATION

University of California, Los Angeles, B.A. Zoology

University of Southern California Medical School, 3 years

University of Hawaiil 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, 1975-19796.

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, Chairman, 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



. Publications

_ 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, 16:160-62,

Smith, A.C., 1962, The Electrophoretic Characteristics of Albacore,
Bluefin Tuna, and Kelp Bass Eye Lens Proteins, Calif., Fish Game,
483199-201,

Smith, A.C., 1963. Variant Hemoglobin and Electrophoretic Whole
Blood Studies in Two Tunas and Three Other Fish Species, Cglif., Fish
Game, 49.144-L49, : ’

Smith, A.C., 1965, Intraspecific Eye Lens Protein Differences in
the Yellowfin Tuna, Thunnus albacares. Calif, Fish Game, 51:1163-167,

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

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, 1948,

Taylor, R.L. & Smith, A.C., 1966, Polypoid and Papillary Leslons in
tgﬁ Fggt of the Gaper Clam, Tresus nuttalli, J. Invert, Path.,, 8:
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REVIEW OF THE RESTARCH PROGRAM RESFARCH IN ARTIFICIAL PROPAGATION OF

MILKFISH CCNDUCTED BY THE CCEANIC TOUNDATION FOR AID

BACKCROUND

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. O0Of this sum, $250,000 was alloted 111t1a1;v.
The balance, $248,532, was to be provided if funds were available and 'con-
tingent upon ... favorable AID review and evaluation of the results cI 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 5-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, under the terms of the
contract, is to be held after 32 months.

—

The review team consisted of:

- N

illy . Roedel, Tisuevies sAdvisor, AID, wasnington, 0. C.,
H. R. Schmittou, Fisheries Advisor, USAID liission, }anila, Philippines,
- James A. Storer, Office of llarine Resources, NOAA, Rockvilie, Md.

The principal Cceanic Institute staff participants in the review were:

H. Burr Steinback, President

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

SUMMARY 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 careful scrutiny at the second (final) review

of the existingz ccntract. The project staff, wnile small 'in numbers, is
obviously extremely competent professionally. There 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 continued

AID support. The team endorsed Oceanic's request for additicnal funds
($30-35,000) fox
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for its third year at no less than the level .indicated in the contract.
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PURPOSE Or THE R2=SzZARCH

The program objective set by AID for the contractor was to breed the milk-
fish, 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 spavning of milkfish in captivity economically
and over long periods.

b. To increase the survival rate of eggs and larvae.
¢. To increase the hardiness of juveniles.

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

The original proposal freom Oceanic Foundaticn propesed research, design, and
construction of low-cost pens and enclosures for aguacultural production of
brackish-water fish. The revised research »roject excludes any work on

pens and enclosures for commercial producticn.

. PROJECT PN J///
The review team agreed that the Institute is carrying out the research
program in a2 very satisfectory fashion. 7ZThe original plan was Well con-
ceived, the staff has been able to achere tc it, and Oceanic expects to
be 2ble to achieve its objectives within the allccated time. This is not
due simply to an autcmatic adherence to the original plan but rather to the
staff having periodically examined the plan to determine its continuing
validity and productivity, as mell as their progress under its terms.
STAFF )
The team was 1mpressed with the attitude, enthusizsm and generél approach
of the staff. It is a talented group of prafessionals who seem to work
very well together, stimulate one another, hzve respect for each other'
special area of competence, therebv achisving a gcod degree of inter-
action and esprit de corps. The leadership provided by Colin Nash appears

to be mnst effective,

The breadth of aporoach is exemplified bv the role of Dr. Smith who took

his doctorate in biology but more recerntly cbtained his MD. With that

unique training ne can bring to his fich :at?clogy work the training and

interest of a physician. He is, for lrstarce, pursuing a number of
BEST AVAILABLE COPY



by-products of his pathclogy research that may have significent medical
application. Such a result that would, of course, increase the pay-oif
of the project. This broad capacity of the staff is to be highly valued
and bodes well for thz 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 prectical orientation manlfested in such ways as in
efforts to reduce the cost of feed.

The team had, hcwever, some concern that the staff might be overly
academically oriented, with not enough contact with practical fishermen
or practicing acquzcuiturists. 1In that sense there was a feeling that the
staff feels itself to te something of an "intellectual elite" and that it
wishes to keep it that way.

RELATIONSHIPS WITH OTHER ORGANIZATIONS

The staff was we‘l acar of the activities of the other institutions work-

University of Pﬂ*” Islancd. They were quite open to the possibilities of
closer cooperaticn with either or both, at the same tirme pointing out

quite correctly that such cpc“eratlon could more easily be efifected with
the University orf Hewaii.

m m

However, they aprear tc be quite selective in their relaticns with other
professionals at that University. While the staff seems to have associated
regularly with scze grcups, they have almost no contact with others, par-
ticularly social scizntists, including economists. They should exert a
greater effort in this direction.

=
<

FUNDING
The Institute is ooerating on a very tight budget,; but should be able to
carry out the work as schaduled in the contract. It is essentiazl tnat the
full $249,000 budg

ateld for the third year be obligated in FY 1977, and
equally essentiel thzt certain studies of stress be funded 1z:ed1auely.
Cost is estizated zt 320-35,000. (Note: The budget was augzented by
$30,000 on June 22, 1276).

As we have noted, the vroject proposal presented to the AID Research
Advisory Coz—itte2 czliled Zor a 5-~year study at a cost of $870,000. The
contract finzliy let coverad the first three years only for which approx-
imately $50C OOO was budgeted. Requirements beyond the third vear are to

the raview to be made "after 32 menths'. If the project
is to contlnue, this review will in fact have to be rmade after zbout 28
months (e.g. in May 1977) to permit the Agency sufficient tize to process
extension documents, this assuming the board so recommends,

ld

BEST AVAILABLE COPY



N
; ",

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

' G

SPECIFIC LEATrTS

Ca

Sexual Maturitv and GST

The following is based on a comment from one of the board members: So little
is known about the biologv of milkfish that it is not valid to make concrete
comparisons between two apparent subpopulations. There are some important
apparent differences in spawvming biology between milkfish in Hawaii and in
Southeast Asia such as:

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

2, SEA fish zppearently spawvn over a long season with-only a
relatively faw females gravid at any given time while
Hawaii fish apparently all develop and spawvn within a
short season during July and early August.

3. Reported mizizun spawning temperatures for SEA fish

have been 28°C while waters around Hawaii do not

exceed 26°C. .
Another apparent difZerence of possible significance is in gonad weight
relative to total bely weight — GSI. The rmost developed Philippine fish
studied had GST 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).

The Board suggests thzt the Staff should consider what the apparent
differences mean-and what importance they may have.

Supplercental Feed

Oceanic is using feeds to supplement natural growth of vegetation in the
tanks and pools. An example of the supplemental feed reported consists of:
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] Wheat middlings 5
. . Cottonseed meal ‘ 1
’ Soybean meal 1
Tuna meal 1

Propylene glycol

Visorbin

Vitamin pre-mix

A Board member points out that total protein in this feed could not be
more than 207 znd znizal protein not more than about 9%; carbohydrates

are high and fats, wvitzzins and minerals are low. Supplemental feeds for
fish should be nigh 11 orotein (30% or more) and low in carbohydrates. The
feed may not be nutritionally adequate for developing breeders especially
since there ap;eare~ to be very little naturzl foods evailable in Oceanic

protein to develop sex prcducts and especially viable products.
The team suggests thztOceanicbegin using some of the proven nutritinnally

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

Electronic Tageing -

”~
Oceanic intends ‘te leczte =ilkfish spawning grounds by tracking fzom a
boat a released grevid fer-ale 'equipped with an electroric tag. The odds
for success of this =2thod seem extremely small. For exawple, the spawn-

ing grounds may te as much as 300 km from the Hawaii beaches where the
larvae and postlarvze are collected.

Other troublesora factors include:

1. The proble=z of selecting and preparing the specimen
for tagging

2. The possibility if not probability that handling
stress will czuse altered behavior to a point where
these tcgg:é fish will not move immediately to the
grounds for spawning, will spawn outside of the normal
spawning greunds, will lose their eggs to atresia or -
premature release.

It seems. to the teaz “at in addition to electronic tagging, upcurrent
sampling of larvze znd eggs be used to locate spawvning grounds. Theo-
retically, larvze develiooment would becomxe less developed as sampling

progressed upcurrent a2way from shore. .

Some advantages of these methods are that:

a. There is a2 greater chance index fcor success thanm with tha
electronic tagging ©

‘b. It would be less expensive than electronic tagging;
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" ecareful consider

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 COceanic that they consider mass tagging as
a possible preliminary to electronic tagging. This could provide valuable
information on distribu twou, range, migration habits and subpopulatiomns.
Releases of cass-‘ag milkfish should be considered in a brocad geographic
area including Incen Pnilippines, arnd Taiwan as well as Hawaii and
possibly otker P f nds. The tagging program requires especially

e final plans are made for the 1977 spawning

n M

o k-
H oW

season.

Milkfish Patholozv Project

It became apparent in 1975 that naturally-occurring.organic disease and
stress induced by confiinezent could seriously aiiect the outcowe of the
entire program. Ccnsequen ti) in Cctober 1975, Qceanic made a formal
application to AID for supplementary funding so that it could itensiiy

the work being carried out byvdr. Smith. This includes studies of basic
pathology and studies of diseases that manifest themselves under condition
of contamination. In the latter case, COceanic hopes to develop a funda-
mental understanding of the stress state and how to cope with it. Pre-
liminary work is prozmising.

The team fully endorsed this project -nd believed it should be adequately

funded. As notad under "Funding', the budget was augmented by $30,00C0
in June, 1976.

FUTURE WORK

»

The study as authorized "ill provide answers to only part of the questioms

no matter how successiul the scientiiic work ==y be. OCceanic can with its
present staff and facility cewelop the lzboratcry techniques neaded for .
artificial propagaticn. Fowever, with its presant phvsical facilities,

Oceanic cannot cerry ocut pll“t production cperstions dasigned to field-
test the techniques that are needed as an intercediate step leading to the
design and operatica: of large—scale procucticn hatcheries. There is a real
question as to vhether, even 1f the facilities in Hawaii were expanded, the
work should be dene there. The team feels, as dves the staff, that this
should be carried out in South East Asia wilere production operations will
ultimately taxe place.

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

BEST AVAILABLE COFY



T ] FISHERY SCIENTIST

10012 LAKE SHOAE 8LVD. N.E.
SEATTLE, \VASHINGTON 98125
(206) 523-4333
18 Mareh, 1977

Mr. Philip Roedel
AID, Department of State
Washington, DC, 20523

Dear Phil:

Herewith 1s the finsl copy of the review of Project
931-0526, Artificial Propagation of Milkfish.

Drs. Scnmittou and Storer have ceen and approved the
draft of 11 March but I have made some nminor corrections
of grammer and spelling which they have not seen. I
presume that they will approve of this copy.

Sincerely yours,

Ver/a

cc Schmittou
: Storer

i
FELLOW, AMERICAN INSTITUTE OF FISHERY RESEARCH 8I0LOGISTS
FELLOW, INTERNATIOMAL ACADELIY CF FISHERY SCIENTISTS
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Review of Project 931-0526
Artificial Propagation of Milkfish
"~ 'March 2-4, 1977

This is a project conducted by the Oceanic Foundation of
Waimanalo, Hawaii under Contract No. AID/TA-C-1189 dated
January 13, 1975. The contract was estimated to cost
$498,532 during its three-year period ending January 12,
1978. The initial allotment was for $250,000 for tﬁe work
“through January 12, 1977 but this was amended to $263,089.
The third year of operations, January 13, 1977 to January 12,
1978, was budgeted at $248,532. This and a small cost over-
run have brought the total contract cost to $528,369 for the

period January 13, 1975 to January 12, 1978.

The original proposal prepared in 1974 was for a five-year
project in the total amount of $870,000. Now the Oceanic
Institute proposes a fourth-and-fifth-year of work, budgeted
at $463,097 and $448,943 respectively, which will bring the

total contract;cost to $1,440,409.

This review, the second such outside review, was held at the
Institute on March 2-4, 1977. The review team consisted of:
William F. Royce, Fisheries Scientist, Seattle, WA

H. R. Schmittou, Assoclate Professor, International Center
for Aquaculture, Auburn University, Auburn, Alabama.

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

Maryland.
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" The principal Oceanic Institute staff participants in the
review were:

Richard W. Power, President

Colin J. Nash, Director of Research

ching-Ming Kuo, Head, Aquaculture Division

Guy N. Rothwell, Jr., Senior Engineer

Albert C. Smith, Marine Pathologist

The first review, which was conducted on May 6 and 7, 1976,

found in summary as follows:

;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 pfoposed years four

and five will require careful scrutiny at the second (final)
review of the existing contract. The éroject staff, while
small in numbers, is obviously extremely competent professionally.
There 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 continued AID support.
The team endorsed Oceanic's request for additional funds
($30-35,000) for pathology work and recommended that the
program be fuﬁded for its third year at no less than the level

indicated in the contract."

The second review team was charged with the primary tasks of

evaluating the progress on the contract and assisting with the



s

technical specifications for an extension of the contract

from January 13, 1978.

PURPOSE OF THE RESEARCH

—

The program goals set by AID for the contractor were 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 those goals.

The more specific goals for the first three years have been:
a. To induce spawning of milkfish in captivity economically
and over long periods. '
b. To increase the survival rate of eggs and larvae.
¢. To increase the hardinesé ofijuveniies..
d. To develop handling techniques for juveniles that

will assure the lowest possible mortality.

. - - - -

The proposed goals for the extended éontract in years feour and
five include all of the above and also the following:
e. Cénduct practical pathological treatment.
f. Commence tracking and tagging operations in the field.
g. Conduct experimentation on breeding in the field.
h., Bstablish a c¢ryogenic unit for preservation of sperm.

i. Plan production hatcheries.

Project Plan and Management

As noted above (i.e. Purpose of the Research) the review team

fully supports the purpose of the research. It also .concludes



_that the previous activities carried out under the project,
and building upon the earlier work with mullet, have been
intelligently conceived and carried out, and they provide

a good basis for the concluding phase of this contract.

The reviey team emphasizes the need for the highest priority
in this project to be assigned to goal a.--to induce the
spawning of the milkfish--because this problem has proven

to be especially difficult and because achieving the other
goals will either depend on control of the spawniné or will

be easier because there is much more information available.
For example, the technology of handling larvae larger than
about 12 mm. length and all of the later stages is well known
because these problems have been widely studied using larvae
collected in the wild. The practices of the farmers can,

no doubt, be improved but this is a task requiring application
of the technology--not its development. The new goals of
conducting pathological treatment and experimenting with
breeding in the field will probably provide important informa-
tion relative to the control of spawning but the other goals
seem to the review team to be of ancillary importance at this

time. .

The team would urge, that in these remaining months of the
project, the staff be vigilant in reviewing and evaluating
activities to ensure that they are the best means of achieving

the stated objectives. In this regard, it is important that

—



activitiés in themselves do not get j&gfified as objectives.
This process of re-evaluation is especially critical in these
next few months while there is still time available for pur-

suing alternatives if they are desirable.

The’fg§iéw team requested that the Oceanic Institute provide
reasonably specific operatiﬁg plans for the extension to years
four and five. Such a shift from more general plans at the
beginning of a large complex project is normal. After some
yexperience is gained and the problems defined, specific

pbjectives should be stated and operations planned accordingly.
Staff

Any research project such as this is only as good as the staff
and, as in the previous review, this team is much impressed

by the caliber of the scientific staff and its director,

Dr. Nash. Individually, they are highly competent, well-
trained and well-motivated. It is a tribute fo this director
that the staff works well together as an interdisciplinary

unit.

Futher, it is no doubt true that the ability to keep the

staff together in the face of moderate salaries and inadeguate
fringe benefits (n.b. only last year was a health insurance
program initiated for staff members and there is as yet no
retirement program though this is now being actively investi-
~gated by the President) speaks well for the respect and

confidence- that this staff have in the Director.

-s-r\ .
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The review team was gratified to see the ﬁnterest in the

project review manifested by the newly appointed president,
Mr. Richard Power, and felt that not only his interest but
his experience in organizational management would prove to

be most helpful to the Institute and this project.

We would point out that the staff working on the project is
wholly scientific in training and orientation. There are
obvious and natural reasons for this but it does lead to an
absence-of the "practical fisherman" expertise within the
staff. There has been some remedying of this situation
within the last year by virtue of the contact with fish-pond
operations in Hawaii that came about as a result of the

State supported pond survey. Likewise the contacts that will
be ﬁade as a result of the piiot plant construction and opera-
tion for mullet breeding (supported by the State) will have

a useful impact on the whole program of this Institute.

In view of the necessary limitation on the number of staff

that can be embloyed, it is hoped that the Institute will make
the fullest possible use of expertise that exists within the
Islands both in the academic field and especially in the non-
academic world. In this connection it might be useful to tap
the knowledge of the NMFS staff in Hawaii who have, among other
things, a wide range of experience in the theory and'applica-

tion of tagging and tracking procedures and also are the major
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. source of knowledge and data on the circulation of the sea

near the Hawaiian Islands. =

Relationships with Other Organizations

The geographic situation of the Institute raises some very
real problems in trying to establish and strengthen meaning-
ful contacts with institutions and organizations outside the
Islands. (Though as we have noted above,.we feel that even

in Hawaii in the case of the National Marine Fisheries Service
a genuine state of friendly relations has not been carried to
its fullest use). Clearly some of these contacts have been
sought out by the staff as in the case of Dr. Smith seeking

collaboration of the Smithsonian Institution for some of

his pathology findings.

fhe team senses that the contact with the other institutions
engaged in fisheries research program funded by AID (i.e.
University of Rhode Island and Auburn University) are slight
and casual in nature. This is to be regretted, though to some

extent understandable.

Institutional contacts are important not only in the immediate
pursuit of the research objectives but also in making sure that
research work is oriented toward avenues for its practical
application. 1In this regard it is assumed that the sort of
;family rel=a*ionships" that exist between the Institute and

ICLARM (International Center for Living Aquatic Resource

Management) will ensure close cooperation between the two,
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/and that the Institute will be fully "plugged into" the

f’full range of institutional relationships that are expected ™" ~

to be a part of the evolving ICLARM in Southeast Asia.

_ However, other organizations and programs in the area of

the project's eventual applications, warrant continuing con-
tact such as SEAFDES (Southeast Asian Fishery Development
Commission), the FAO regional commissions in the region,

i.e.--the Indian Ocean Fishery Commission, and the Indo-

Pacific Fisheries Council, the UNDP/FAO regional projects

that are affiliated with these bodies, as well as several
within countéy organizations in Taiwan, Indonesia, and
Philippines. Furthermore, it should be emphasized that as
the range of activities of these organizations increases,
particularly SEAFDEC and ICLARM, the cooperation among them
will become essential to avoid duplication and to ensure

complementarity in programs.

A
Large Holding and Culturing Facilities !

Y
A

\

A relatively serious if not limiting constraint to the miik-
fish propagation project is OI's lack of adequate fish holding
and rearing facilities. Good use is being made of six rubber-
lined earthen pools and a number of fiberglass tanks including
several fiberglass-lined beer vats. These facilities are
excellent for certain uses, but are too small for holding
either large fish or large numbers of fish. The six rubber-

lined pools are the largest of the facilities but they are

:
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.each only approximately 75 square yards in areas--too few

.

and too small to adequately meet the needs of this and OI's
other projects{ The major problems of the small number and
area of facilities are:
(1) The physical limitations to the number and size of
fish that can be held,
(2) The restricted flexibility in what may be done with
| fish in those facilities, |
(3) Crowding of fish is necessary so natural foods, perhaps
essential to proper gamete production, are absent or in
low abundance.
(4) The small environments are subject to rapid and extreme

charges adverse to health and life of the fish.

Larger facilities would be more easily managed as far as pro-
viding and maintaining an ideal living environment as well as
providing physical space for greater numbers of fish than now

possible.

OI presently plans to use ponds of cooperative fish farmers

as holding facilities. At best this is a poor alternative to
having their own facilities. Even with ideal cooperative
arrangements, OI would not have complete control over the
facilities and water environments and would not have preferred
use and management flexibility--an undesirable situation

considering the high value of brood fish.

————
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. The Races of Milkfish 1.
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' \ . .
Milkfish occur over large areaé of the tropical Pacific and
Indian Oceans. 'They live most of their lives close to the
shore énd since their larvae are found close to shore when
only a few weeks old they must have many spawning areas.

Further it must be assumed that there can be little, if any,

~genetic interchange between widely separated populations,

i.e. there are probably many races that are more or less

different genetically.

It will be difficult to identify and describe the races
because the spawning area of each must be known. The Institute
has bound some promising morphological and chemical techniques

of identifying races and is working on some tagging techniques

"that may be useful in tracking fish to their spawning grounds.

Such techniques will be useful scientific contributions but
are not likely to contribute much to the overall knowledge of

the racial structure of the milkfish.
Priorities

The scientists from the Institute and the review team are
completely dgreed that control of the spawning process in

the milkfish is the first priority and this must succeed
before some oiher parts of the project are undertaken.
Fortunately, it will be possible for the staff to work with
spawning milkfish in the Philippines in April and then in
Hawaii in June and July. The findings of the earlier efforts

can be applied to the second.

-10-



-§<éf»the efforts to control this spawning are unsuccessful in
1977 the staff will attempt to determine the causes of the
failure and devise corrective action. They will then have
other opportunities early in the fourth year of this project

to apply improved techniques.

The review team feels that the identifications of race and
the efforts to track adults are probably not essential to
the project and, if needed, the funds could better be used

in the items concerned with control of spawning.

Further the items (Nos. 10 and 11) concerned with application
of the research findings should not be commenced until
successful and reproducible methods of controlling spawning

have been developed.

Future Work

‘In order to achieve fully the ultimate goal of using the
technology developed by this project it is clear that much
will remain to be done after the next two years of work by

the Institute.

First, the technology suitable for culturing the Hawaiian
milkfish may require modification when applied to other
races of milkfish. Hawaii is at the edge of the range of
milkfish and the ocean conditions there are not typical of
the condition found where milkfish are abundant. The

Hawaiian milkfish grows and matures at different rates than

-
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the milkfish of the Philippines %r Indonesia and whether

« /' these differences are important to consider in their cultural

technology is not yet known.

Second, the application of the techh;logy to the existing
large and complex milkfish culture 'system is certain to
embody most of the problems of transferring technology to
less. developed areas. If, as we expect,AEhe‘spawnindlprocess
and early larval development of the milkfish are brought '
under control then it will be essential to plan adequately
the technology transfer. We suggest that the procedures for
such planning be examined ‘and a suitable conference be

scheduled for late in calendar year. 1978.

~Such needs raise serious qguestions about the réie and nature .
of Oceanic Institute, its range of interests and staff as
wel; as its location. Some of these questions can perhaps
be answered as the cooperative arrangements with ICLARM
are realized in the next years. Perhaps also, a part of the
answer will be provicded by the evolving overall thrust of
the Institute and the extent, for instance, that it develops
a strong commitment for programs of interest to HaQaii, or
alternatively, the extent to which it maintains a predomin-
ant interest in aquaculture. In any event, the Institute and
AID will-havetto be cohéideriﬁg these matters aé ﬁhe final

phase of this immediate project is spinning out.
Submitted March 18, 1977

-12- . : -




SUMMARY OF RAGC RECOMMENDATIONS TO A.I.D.

PROPOSALS REVIEWED AT THE OCTOBER 17-18, 1974 MEETING

1, Program for Applied Research on Fertility Regulation (PARFR) ?
(LLCGHSIOH)- Northwestern University. Duration of extension
3 years; estimated additional cost, $2,052,549. Connell,
‘Carter, Linder, Marrill
Recomrendation: That the proposed extension be approved with
the following amendments: (1) removal of the Family Plahning

) Demonstration Center, (2) more active recruitment among foreign

\\\students currently in this country as potential grantees upon
their returm to their home countries, and (3) A.I.D. staff make
every effort to loweér the percentage of funding going into
administration. . Y.

" 2. XNitrogen Fixation by Leguzmes as a Major Factor for Food Produc~

, tion in Le=ss Develspad Countries (New)-University of Hawaii.
. ] Duration: 3 years; total estimated cost $900,000. M. Peterson,
| Hzzdy, hllner, Wnitnay.

'

-

'r )
™
]
9
8 ]
1.

That the project be approved with recommendation
£ negotiate further relative to the following
t i
ti
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nput of time of_the principal staff; (2)
ion of scientists from developing countries
ng, if necessary; (3) narrowing initial objec-
ich can‘be'achieved during.the initial life
the project, namsly, to food legumes and oil crops;:
attenticn to the interaction of this project .to
stems in developing countries; (5) budget reduction
tizl 3~year program; and (6) that the RAC Subcom-
dvised of the plan of action with reference to the
of research activities and an ecxplanation of how this
~be expanded to the field activities.
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3. Ad2ptingz Simulation odels to Agriculturzl Sector Analysis
cr) Michigan State University. Duration of extension: .
. 13 months; estimated additional cost, $697,753. Heady, Ruttan,
' ittnebert. '
Recotrmeadation: That the proposed extension be approved as a
terminal contract under the conditions that: (1) by March 1,
1975 the MSU team provide AID with documentation of important
-policy and developmental alternmatives for Korea, and agreed
uvpon with Korean officials, to be simuiated in the remainder of
the project; (2) the model emphasize major economic relation-
ships and subsectors which can be quantified and analyzed for

I

1/ RAC Review Subcommittce, Chairman underscored
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major policy decisions to be made over the next three years;
(3) the emphasis be shifted to economic modelling as the end
an‘ systems science as the means; (4) more full-time MSU econ-

¥sts be added to thez project and represent the major portion
cF the staff; 2nd (5) that suificient evidence (including names
of persons and their organizations and academic qualiffications,
2long with a calendar of expected attainment) be provided .
indicating that XKoreans will be sufficiently able to operate
end further acdopt the model by July 1, 1976.

Artifici=l Pre
ent (New)-Ocs

D
N
2

n

c
total estirated cos

Schwelgert.

Reco mmendaticons

provisos: (1) the
design should &
=zullett breadin
(£) the project b

a
sat
3

tion of Milkfish and Fish Enclosure Develop-
Foundation, Hawaii. Duration: 3 years;
ty, $450,0C0. Wittnazbert, Adams, Ludington,

That project be approved with the following
enclosures work be deleted; (2) the project

seriously raviewed oy the AID staff; (3)

be carried to its natural conclusion; and

e closely monitored including périodic site

visits and comprehensive reviews at the 18 mcnth and the 32
ﬂOitn points of project llfe.
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Project Review

Agriculture
Artificial Propagation of Milkfish and Fish Enclosure

Development -~ Oceanic Foundation, Hawuii

Mr. Frederick Wittnebert, Chairman of the Subcommittee composed of
Dr. Adams, Mr. Ludington, and Dr. Schweigert, made the following -
report. It should be noted that a revised ProJect Statement has
been submitted to the RAC under a changed title as indicated above.

"Mr. Wittnebert reviewed some background in the field of acquaculture,

through the recommendations of the Consultative Group in 1973, to
the Oceanic Foundation proposal submitted to AID in 19Th.

The Subcommittee review indicated that: (1) A majority agreed that
there was great potential for gain in the broad area of aquaculture

‘R&D; (2) this proposal was deemed to be-deficient in various respects:

(a) the scope and work plan, (b) the supporting information provided,
and (c) the proposed contractor. The project criticisms were com-
municated to the AID Office of Agriculture with a meeting held
October 6, 19Th to review these criticisms with the proposed project
leader, Dr. Colin Nash, of the Oceanic Foundation. The meeting was
held ir the office of Dr. Adems in Wilmington, Delaware and included
Dr. Leon Hesser, Dr. Colin Nash and Mr. Wittnebert. Dr. Schweigert
and Mr. Ludington were invited but were unable to attend. The project
statement was withdrawn for the purwse of meking improvements in

the presentation for this October RAC meeting. The revised proposel
is the result of this effort. The indicated modifications will limit
the main thrust of the project to the development of a capability for
producing, in captivity, milkfish specifically and will include a
provision for the establishment in the field of a "seed-stock"

- producing and distributing pilot operation =-- all with the view to

satisfying initially the Philippine's milkfish farming needs for
such & capability. Additionally, the revised proposal may include
provision for: (1) wrap-up work on the development of a mullet
breeding capability, and (2) open-water enclosure development work.

Mr. Wittnebert reported on his visit to the Auburn University aqua-
culture activities, the Central Luzon State University, and his
briefing by the Philippine Government people concerning their food
needs. He conecluded that (1) the Philippines already have a sub=-
stantial subsistance-type milkfish pond farming operation, (2) the
government is keenly interested in expanding that operation,

and (3) this objective 1s being severely hindered by limitations

in the supply of the necessary milkfish fingerlings, which cannot
ar vat ha raised in cantivity and the natural supply is being

BEST AVAILABLE COPY
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distributed at prohibitively high prices. Hence the need for the
development of the subject proposal.

Subcommittee review of the revised proposal shows improvement, but
certain questions still remain: (1) Where does the mullet breeding
work now stand? What must yet be done to get it to a fish-farm
‘supply; pilot-stage? Why should this not be done before milkfish
breeding work is undertaken? (2) What exactly will be the nature
of the linkages made with Auburn and Rhode Island; and the
Rockefeller Foundation? (3) Who else has done work on breeding
these kinds of brackish water fish? Why should this type of work
not be done by them? Additionally, a majority of the Subcommittee
favored deletion of the enclosure development work on the basis of
its being irrelevant and too in depth.

Dr. Adams stated that he wished to express a philosophy based on

10 years of work in aquaculture and 5 years of operating a mullet
hatchery. There is undoubtedly a potential for the development

of oulture methods for marine and brackish water fish, but the
magnitude, the species, and the geographic location are big ques-
tions. However, he agreed that some public effort could well be
put into this area. Areas of confusionm include: (1) Oversells:

they will never contribute more than 20% of the world's protein
needs; (2) Time and dollar trade=offs: this is possible only with-
“in narrow limits; natural time may indicate that less dollar

input over a longer time may be best; (3) Conflict between the
research and development philosophies: research dasigns can focus

on specific answers, but production requires a sequence of steps all
of which must be contributory: (4) Economics: wodeling based on
assumed parameters may be of very limited value; this work should
not be oriented towards international commerce, bLut rather sub-
sistance farming; and (5) Intensive versus extensive controls: modify
the natural system as little as possible.

Dr. Adams agreed with the subcommittee chairmaun's recommendations
that the cage-enclosure component was extraneous and open-ended,

a bio-engineering problem which will never be completed to meet

the diversity of conditions, and therefore, should be deleted. The
mullet project should not be dropped, but should be pushed through
to practical operation. ; 5

Mr. Luddington commented on his twenty years of observing enthusiasm
for food programs which.subsequently failed for good and practical

4
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reasons. He recommended that this project be further limited to
concentrate on a single variety of fish with follow-through to
demonstrable feasibility for commercial utilization. Steps would
include: (1) demonstrated ability to get fish eggs on demand, (2)
hatching, (3) effective raising of fingerlings, and (4) logistics
from bench top to pilot plant to commercial scale production
capability., The mechanics of moving the volumes of water required
and the supply of food represent severe practical problems.

Dr. Schweigert commented on fish breeding activities at UCLA

where he has been responsible for coordinating this work for the
past four years. The rhetoric on the potential impact has been
.overdone. There is need for a wide diversity of relatively rare _ _
technical skills to be focussed on the marine problems. The
enclosure system may be a sequential aspect to follow the demon-
stration of capability for producing the juvenile fish, not a

ma jor research effort, and should be put on hold for the initial
project. As a function of -basic assumptions he believes that the
project is not too well designed scientificelly. He recommends
holding the project to 3 years with an intensive review and a site
visit before further work is authorized.

Dr. Heady pointed out that there are inconsistencies in the budget
presentation. Dr. Milner asked how many possible contractor groups
are there? S

Dr. Hesser indicated that TA/AGR is seeking a technical specialist
in aquaculture for their staff, and apologized for the late sub-
mission of the revised Project Statement. The reasons for focus-
sing on milkfish are (1) that the mullet work of the Oceanic
Foundation will probably reach their objectives by June under
other financing, (2) there is a high degree of interchangeability
between the milkfish and mullet, and (3) the milkfish is importe
antly related in the Philippines to the work of Auburn for the
Mission. The Israelis have done work on brackish water fish
breeding, and the Oceanic Foundation has been in close coordination
with this work.

Dr. Long acknowledged concern for the natural parameters in this
area. He agreed to deletion of the enclosure work in view of this
project being reviewed at the end of 3 years in terms of the need
for such work. The milk-fish-mullet issue makes this project
meaningful only in context of other work going on in parallel.
This research must be related to opcrationalizing factors. 1In the
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Philippines the work on milkfish is most likely to be a success-

" ful approach. There will be concentration on the practical

aspects. There is concern for strengthening the emphasis on the
economics of aquaculture in the complex of contractual and grant
work in this area. All evidence indicates that the production ot
fingerlings in an economic manner is a key constraint. This happens
to be the activity in which the Oceanic Foundation is specializiug.
They will be working in close cooperation with the University of
Hawaii and the Fisheries Center. ’

Motionh: The RAC recommends that the project be approved with the

following provisos: (1) the enclosures work be deleteud;

. (2) the project design should be seriously reviewed by
the AID staff; (3) mullet breeding be carried to its S Co--
natural conclusion; and (4, the project be closely
monitored with comprehensive reviews based on site visits
at the 18th month and the 32nd month points of project
work.

Moved by Wittnebert, Seconded by Adams

Vote: Unanimous approval. 7
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PROJECT STATEMENT
A. PROJECT SUMMARY

STATISTICAL:

'Projocg Titlos

Design of Open Water

New or Extcension: New

Contractor:

Amount: * Total: for 5 years

for 3 years

FY 1975 funds

Five Years

Dr. Colin E.

Duration:

Project Leader: Nash

Principal Investigator: Dr. Ching-Ming Kuo

Kfficient Production of

Fish Scoed Stock and
Fish Enclosares

ISf

Oceanic Foundation, Waimanalo, Hawaii

$870,000
$450, 000
$250, 000

Vice President and Director of Research

Director, Aquaculture Division

Project Managers:

NARRATIVE:

Leon .Hesser, TA/AGR
Erven J. Long, AA/TA , o -

This project is directed at removing two primary constraints to develop-

ment of efficient aquacultural industries;

the lack cf: 1) efficient

systems of production of juvenile fish to supply the necessary seed-
stock for fish farming, and 2) low cost and effective cages or pens for
production of fish in enclosures in open water such as sreams, lakes,

estuaries and sea shelves.

Because they are quantitatively more important

in the LDCs, and the Oceanic Foundation's expertise is more directly ax-
perienced with them, the sea-breeding, brackish water species will be

given the most immediate attention in the project. (Specifically, central -
attention will be given to Milkfish, the principal species of the Philip~
pine aquacultural industry.) Present aquaculture production requires

capture of literally billions of tiny juveniles each year:

unpredictable and ecologically destructive
to make unnecessary, Portunately, the sea
difficult biological models, so adaptation
fresh water species, by Oceanic Foundation
be rather easy.

Fish production in mesh-like enclosures in
. waste materials as a principal feed supply
successful experimentally, but constrained

-a costly,
practice which the project seeks
breeding fish are the more

of findings of this study to

or other aquaculturists, should

~—

open waters -- often using
~- has been proved highly
seriously by lack of in-

expensive, durable, enclosures conducive to prosperity of the fish.

A relatively minor portion

of this project
this constraint. ’

will be directed at removing

The staff and research approach are interdisciplinary, and the prcject
will be very closely integrated with work at Auburn and Rhode Island

Universities, and with major AID sponsored

*See attached for discussion of the budget.
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The project will be thoroughly reviewed at the end of 18 months and 32
months, with no commitments for support beyond 24 months and 36 months
unless confirmatory actign is taken by AID at the respective reviews.

B. EXPANDED NARRATIVE STATEMENT

BACKGROUND INFORMATION

Fisheries are one of the faw food-producing industries whose growth rate
has kept ahead of the rate of population increase since World War II.

In order to maintain present per capita consumption, however, fish
production will have to reach 107 million tons annually by 198%5. If
consunption in-creases are to be sustained without irreparably depleting
stocks and endangering prized species, much 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

the total protein in human diets worldwide. However, while in "high-

calorie countries" it constitutes 6.7 percent of animal protein supplies,

‘in "low-calorie countries" (i.e., the LDCs) it supplies 21 percent. 1In

parts of Southeast Asia, fish constitute a major source of animal protein

in the diets of many pepple -- 50 percent or more in most countries of

the area —-- whereas in other parts of the world, such cs the Balkans, )
Central America, the Near East, and landlocked countries like Bolivia,

Paraguay, Nenal; Afghanistan and most of the Sahelian countries, fish

. often represent as little as one percent of all animal protein consumed.

In many countries, 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 1971 was 69.7 million metric tons (m.m.t)
an increase of over 350 percent since 1948. 1In 1972 there was a slight
decline to 65.6 mmt. Inland waters supplied 9.5 mmt, or nearly 14 percent
of the world harvest. About 63.7 percent of total production is used
directly for human food, and 36.3 percent is converted into fishmeal, oil
or for uses such as fish flour, margarine, cooking fats, industrial uses
and livestock and poultry feed.

The world's six largest fish prodlcers in 1972 were*; 1) Japan 10.248 mmt.,
2) Russia 7.756 mmt., 3) China (mainland). 7.574 mmt., 4) Peru 4.768 mmt.,
5) Norway 3.163 mmt.,and 6) USA 2.650 mmt, Next in order of importance

are seven developing countries:; 1) Korea (north and south) 2.139

mmt., 2) Thailand 1.679 mmt., 3) India 1.637 mmt., 4) Chile 1.487 mmt.,

- *The statistical information in this section was obtained largely from the

1972 Yearbook of Fisheries Statistics, Volume 34, FAO-UN, and from "A

Proposal for the Creation of an International Center for Living Aquatic

Resource Management" prepared by John A. Pino of the Rockefeller Foundation

in May, 1974. ‘)
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5) Indonesia 1.268 mmt., 6) Philippines 1.149 mmt., and 7) Vietnam (north

and south) 1.078 mmt.

Fish production is the cheapest and nutritionally one of the highest
quality sources of animal protein., The protein content of fish is com-
parable to that of beef, pork, and lamb, and it is an excellent source of
calcium. But most importantly, fish production has an unmatchable feed-
conversion ratio. In stears, 1,000 grams of feed produce a weight gain

of 163 grams; the rates of gain with chicken flesh are substantially better.
But with tilapia, catfish and probably many unexplored types of fish, the
weight gain approaches 1,000 grams -- i.e., a l:1 ratio of flesh to feed.

Long-range demand outlook for fish is difficult to predict. Present
consumption patterns cre highly country and culture specific, with 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 eiasticities of demand for live-
stock products in LDCs are high. With increases in the price ot conventional

~livestock products, high quality protein sources such as fish becomes more

attractive -- particularly among low-income consumers. Furthermore, per
capita fish supplies from conventional capture sources may be expected to
decrease and their relative production costs to increase.

SIGNIFICANCE TO AGENCY GOALS

The high priority given by the Agency to improved nutrition, particularly
of low income groups, needs no reiteration. Development of highly
efficient aquacultural systems very directly and importantly serves that
objective. Properly designed, it has important additional values of key
importancé to the Agency. First, it is extremely land intensive;
production as high as 24,000 lbs. of fish per acre has been achieved.
(And this project, though supportive of such.pond culture, focuses on
production on land space essentially completely unused for food production =--
the streams, estuaries, and sea shelves.) Also, aquaculture is normally
highly labor intensive. It can be -~ though is not automatically --
relatively capital unintensive. It will be the goal of this project to
further this latter objective insofar as the research has any differential

- implications in this respect. The Agency has recently focused research

and program attention on the economic aspects of aquaculture. Research is
currently underway on the economic feasibility of different fisn species
in various LDCs. Central to these investigations is concern for cost and
return statistics, capital intensity, consumer demand for the product and
institutional necessities for successful aquaculture in the LDCs.
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Finally, at the opposite extreme from most forms of livestock production,
fish farming systems can be highly supportive of ecological values, via
three relationships.

, l. 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) excrements,
and other organic byproducts. Conversely, such wastes from other animals
are a principal source of environmental contamination.

2, Pond fish production is a concomitant of good surface water manage-
ment designed for erosion control and other conservation purposes.

3. By increasing animal protein production on a highly land intensive
" basis, aquaculture can remove pressure of over-grazing by land animals, a
most direct source of ecological destruction in most LDCs. '

- The major component of this project is to develop effective, controlled
means of producing the young fish upon which mature fish production enter-
prises must be based. The lack of an adequate, predictable supply of
juvenile fish is probably the most serious technical barrier to rapid
"expansion of fish production. Present fish farming practice is largely
based on collection of wild juveniles from natural sources, a costly,
unpredictable and ultimately destructive approach. It is estimated that
"the annual production of 2,000 metric tons of mature grey mullet in Taiwan
involves an annual collection of 20,000,000 juveniles from coastal waters.
Japari has se: 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. Collection of Milkfish juveniles by such countries
as the Philippines, Indonesia and Taiwan is enormous, estimated at 160
million per year for Taiwan alone. 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 sustain juvenile catches of this
magni tude.

DESCRIPTION OF THE PROJECT

A. Juvenile Fish Production

.Although an interrelated set of relationships is involved, the technical
constraints to managed juvenile fish production fall into two categories:
those which cause the parent fish to reproduce only in the sea, and those
which cause excessive mortality of very young fish larvae (often as high
as 99.8 percent). The first category of problems must be solved if the
brood fish are to reproduce under man-controlled conditions. This is °’
necessary to solution of the second category of problems -~ or indeed to
any kind of production of seedstock fish in captivity.
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Research, largely by the principals of this project, primarily with mullet
species, has gone a long way toward establishing feasibility of solving
the first type problem. They have been able to induce spawning over much
longer than normal periods by manipulating such external environmental
parameters as water qudlity, diet, hygiene, temperature, salinity and
light. Salinity alone appears to be the principal factor causing fish to
go to sea for breeding purposes. Regularly induced 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 environmental
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 reproduction. Once these relationships can be sufficiently
understood and controlled, continuous fish larvae production systems can
be established.

Similarly, the principals in the project and others have made considerable
strides toward understanding the bioclogical mechanisms, and their relation-
ships to environmental factors, which result in the extremely high mortality
ratios of fertilized eggs and fish larvae. Relationships to larvae survival
of a large number 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-
reqgulatory 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 effact 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.

An important component ¢f effort will be fish breeding, to develop brood

fish of propensity toward higher larvae survival rates and other good
breeding qualities. Hedlth and hygiene factors will, of course, also require
rigorous control and study.

" If the two sets of problems outiined above can be solved, controlled

production of juvenile seedstock fish can be made a relatively modest cost
component of the entire agquacultural 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 captured as fish stock would require
relatively modest scale facilities in relationship to the ultimate mature

‘fish.production enterpriseq.
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The study will also concern itself with hardiness and other factors
related tc the mortality and performance of the juveniles through delivery
to fish farmers and subsequent production activities.

The work will necessarily be interdisciplinary, requiring contributions
of pathologists, geneticists, engineers and other specialists, provided
by the Oceanic Foundation on a part-time basis to the project.

B. Enclosures for Open Water Fish Production

Although substantial agquacultural development in earthen closed water
enclosures such as man-made or natural ponds can be anticipated, cultivation
of fish in cages and pens in open water, such as rivers, estuaries and
coastal shelves, also has great promise. Each satisfies a different need,
is based upon different resource availabilities ard will probably feature
different types of fish. Although impossible to predict, certainly the
probabilities favor growth of open water cultivation as being quantitatively

the more important. L . S

Many areas of potential for fish production exist as open bodies of water,
in estuaries, bays, streams, large lakes and coastal shelves, where
permanent construction is uneconomic and often impossible. Conversion to
concentrated fish production of these wetlands '‘as entire bodies introduces
great technical and economic problems and in same cases would lead to
ecological imbalance and adversely influence the offshore fisheries which
depend on these areas for basic links in the food chain. Use of simple
cages and pens as fish enclosures in these water areas can, however, be
highly productive in terms of yield of fish. In some of these areas,
organic refuse and liwve growth polluting the waters serve as a major feed
source for suited fish species. Moving water, especially,serves to bring
such food and oxygen to the fish and to remove the wastes inimical to their
growth -- thus reducing ecological and environmental problems.

Excellent resuits have been obtained in experimental production of various
aguacultural species in a variety of types of cages in open water. But a
constant constraint to commercial adoption of the practice has been lack
of such artificial enclosures having all the characteristics necessary to
economic use. These include: low cost, durability, freedom from fouling
with excrement or undesirable growth, adaptability to varying conditions,
etc, Electronic and chemical barriers have alsoc been explored. Dr. Colin
Nasﬂ and staff engineers have done landmark work on enclosure design,
working very closely with researchers in this field from Europe and Japan.,
A relatively minor proportion of the research project would be devoted to
expanding this work, directing it to those species and situations with
which AID aquacultural efforts become involved.

The design of pens and enclosures will concentrate on the three main
factors of concern. These are: Y

PrE——
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Husbandry factors, {(such as nutritional needs, predator
control, behavior and harvesting methods)

Environmental factors (such as bio-fouling rates, resis-
tance to weathér, ecological impacts)

Economic factors (such as cost to construct and deploy,
availability of materials, cost to repair and maintain,
life expectancy) )

Any engineerirg solution must satisfy all the requirements implied in
these factors, recognizing that all three are highly interactive, For
example,the economic factor of materials/cost must be balanced against
the environmental factar of bio-fouling. The cheapest material is of
little value if it is attractive to fouling organisms. or if it releases
toxic chemicals or metallic ions into the environment, nor the best
material relevant if unavailable or priced out of the reach of the
ordinary fish farmer.

Particular attention will be paid to the testing of low cost materials
readily available in tropical and sub-tropical regions, e.g., local
timber, galvanized netting, fish netting. A key focus will also be on
simple construction techniques manageable by typical, small scale LDC
producers.

GENERAL OQUTLINE OF PROJECT ACTIVITIES

Year 1 - Select suitable broodstock.

- Commence collection of physiological data on
reproductive cycles, identify stages of eggs
and sperm.

~ Observe first reactions to hormones, particularly

salmon pituitary gonadotropin as indicator, and

test against it hormones from humans and pregnant

mares, serum, Synahorin, and certain steroids.

- Study osmo-regulatory mechanisms, relating to
fluid balance and survival of larvae.

- Develop larval rearing techniques following
successful incubation of any fertilized eggs
obtained.

- Identify individual brood fish reacting well to
‘injection and with high quality eggs or sperm.




‘Year 2

© Year 3
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Further the biochemical studies on egg and sperm
quality.

Begin accumulation of data on disease, identifi-
cation of bacteria which contaminate eggs and
larvae in aquaria, development of test controls.

Design prototype enclosures following study of
materials characteristics.

Strengthen existing links with Auburn University
and University of Rhode Island. Visit U.S. AID
agquaculture project -in Philippines, Tungkang -
Fisheries Institute in Taiwan and survey Japan's
recent progress in cage and pen construction.

(Within three months develop defailed, time-phased
work plan for three years.) el

» Extend the work bequn in the first year; extend
"studies of disease.

~

Upgrade levels of activity in lérval rearing
technology. .

Formulate mass propagation techniques using -
controlled data following studies in first year.
i.e., larval density, .food density, etc.

Construct ﬁrototype pens and gncloshres and test
against engineering criteria.

Exchange personnel with Auburn Uniwversity, and

apply results of the first year where applicable

to the US AID aquaculture project in the Philippines.
(By the end of 16th month, subait report of work to
date as basis for 18-month Project Review.)

. Modify program as determined by 18-month Review.
Tentative plans as listed below.

Describe operational procedures for induced breed-
ing, out of season spawning, egg incubation and
larval rearing of specific target species.
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- Commence full scale in situ testing of enclosures
and pens.

—- Design egg or juvenile receiving field units.

Fofmulate methodology for identification and
perhaps control of most limiting diseases.

- Intensify genetic studies using fish of known f
history in terms of gametocyte quality and breed
hybridize.

"(By end of 30th month submit report for review
by end 32nd month for decision on whethur project
should be continued and, if so, nature of work

Brogram.)

Years 4 & 5 - Continuation of research projects determined by
review.

- Intensification of all projects in the field,
specifically enclosure construvction and demonstra-
tion of construction, and of juvenile reception
units.

CAPABILITIES OF THE CONTRACTOR

Oceanic Foundation's physical facilities are modest but adequate, consist-~
ing of a cluster of wooden framed buildings of various sizes adjacent to
the sea in Waimanalo, Hawaii. - Its 3600 square feet principal laboratory
houses aquaria, larval, chemistry, microbiology, histology, microscopy and
controlled water-temperature laboratories. Other buildings contain an
electronics lab, a photo-period study lab, office space, library and train-
ing facilities. ’

/6;. H. Burr Steinbach, until recently Dean of the Graduate School of Woods
Hole Oceanographic Institution, serves as President of Oceanic Foundation.
Dr. Colin E. Nash, Ph.D., Director of Research and Dr. Ching-Ming Kuo, Ph.D.,
Head of the Aquaculture Division, under whom the research project will be
carried out, have extensive reséarch experience on the problems addressed
by this project. They wi}l be supported by other researchers indicated in
the budget. (See attachments for detail.)

LINKAGES AND UTILIZATION

\
Increased Agency emphasis on aquacultural development will involve contin-
uing, effective working relationships with the International Aquaculture
Center at Auburn University (the world's premier center of pond fish
production) the University of Rhode Island (featuring. coastal zone aqua-~
culture and fish production economics) and the contribution of this project,




- 10 -

should it be approved, to solving the indicated production problems.
These three institutions have been in close contact, particularly in
preparation of this proposal to focus on key constraints. Rockefeller
Foundation is in process of appointing aquacultural expertise to its
staff to relate to these three efforts, particularly this project. It
has not determined specifically its course of action as it wishes to
associate its efforts with those of AID, in the combination of integrated
and complementary activities which mutual judgment indicates most favorable
"to worldwide aguacultural development. Close coordinating mechanisms of
the involved U.S. institutions, including Rockefeller Foundation, will be
developed upon conclusion of this proposed contract.

The LDCs' interest in aquaculture is growing rapidly. Badly needed as an
interacting guide to research, especially to identify constraints beyond
technical production problems, is one or more aggressive country efforts
at developing a major fish production industry. Such an effort is underway
in the Philippines under the general technical assistance tutelage of
Auburn University. This project will direct its first attention at the
species (Milkfish) most important in that country. If economic or market-
ing problems become central, we would hope to make Rhode Island's
capabilities available. Brazil is developing, also with assistance from
Auburn, a research and development center which Brazilians hope can be a
" center of support for aquaculture in abutting countries if not, indeed,
for the continent. Colombia, Vietnam, Laos and Panama also have expressed
desire for assistance. India had begun to develop major aquacultural
vesearch and development activities, with assistance from Auburn and Rhode
Island, when our technical assistence relationships were discontinued. We
trust this muy be reinitiated. ‘

Rockefeller Foundation has expressed interest in supporting a center in
Fiji to concentrate on prablems characteristic of that area.

As these and other programs in the less developed countries proceed, and
their support needs from the indicated U.S. institutions take shape,
special coordinating arrangements should be developed. It is hoped that
this may draw participation by other donor countries, especially those with
special expertise such as Israel, Taiwan, Belgium, Japan and China. The
Technical Advisory Comnmittee to the Consultative Group has undertaken
special study of aguacultural opportunities and may in time recommend a
structured aetwork of research and development. At such time, the programs
of three mentioned U.S. aquacultural institutions can be major research and
expertise building blocks of such a network.

As mentioned, these three institutions will work together intimately.and
with AID and Rockefeller Foundation to identify and remove key constraints,
and to evolve an expanding base of expertise. Each has extensive contact
with aquaculturists in both developed and developing countries -- collec-
tively, a very substantial latticework of intercommunication and contact.
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The principal. utilization requirement is the country-by-country effort
of selecting key opportunities for aquacultural development and tying
them appropriately for technical support to these institutional expertise
centers. TAB intends to invest a major effort in support of this effort,
particularly toward effecting the necessary integration of effort and
experience among the research centers and between them as a group and the
aquacultural programs of individual LDCs.
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BUDGET *

(Year-Date Omitted) -,

Expense ltem ‘ ' _ Year 1 Year 2 Year 3 ~ Year 4 Year
Personnel % of Time '
Colin E. Nash, Ph. D, 0, 2%+ $ 5000 §$ 5000 $ 5000 $ 5,000 $ 5,00
Ching-Ming Kuo, Ph, D. 0. 8% 20,000 20,000 20, 000 20,000 20, 00
“Guy N. Rothwell 0.4 + ' 8,000 8,000 8,000 8, 000 8, 00
Pathologist - 0.2 : 5,000 5,000 5,000 5,000 5, 00
Rescarch Assistant 1. 0% 11,000 11,000 11,000 11,000 11, 00
Junior Engineer 0.4 + 5,000 5,000 5,000 5,000 5, 00
Technician . 1. 0% 9,000 , 9,000 9, 000 9, 000 9, 00
Rescarch Assistant 1. 0% 11,000 .11, 000 11,000 11, 000 11, 00!
Junior Geneticist 1. 0 - - - .11, 000 11,000 11, 000 11, 00!
Total | 74, 000 85,000 85,000 85,000 85, 00!
Fringe Benefits (10%) ¢ , 7,400 8,500 " __ 8,500 8,500 8, 50¢
Total Personnel : : 81,400 . 93,500 93,500 23, 500 93, 50(
Supplies 10, 000 10, 000 10,000 10, 000 10, 00(
“Overhead (62%) - Co 56,700 = 64,200 64,200 64,200 64, 20C
Equipment - 20,000 20,000 20,000 . 20,000 20, 00C
Travel : 5,000 7, 000 10, 000 10, 000 10, 000
Total | o : $173,100  $194,700  $197,700  $197,700  $197, 700

Cage Construction
Junior Engineer : |
Supplies ! 60, 000 - 60, 000i

QOutside Contracts !

FY 75 funding of $250,000, for three years at $450,000 and fer five

* Budget is as submitted by Oceanic Foundation in ti:'\eir proposal, it will be re-criernted to i
* Aawaanttinwesl Nacaarch © iamn wat +a aveasd 3870.000 f
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Discussion of the Budget
‘ for
Efficicent Production of Fish Sced Stock and

Design of Open Water Enclosures

The time schedule and amounts are meant to be only suggestive and

~preliminary.

AID has in mind a proposed figure of $470,000 to cover a three year
program. An extension would be considered depending upon two factors:
(1) the quality of research'performed up to that point (three years)

and determination of a need for further research and (2) a consideration
of whether the program could be carried forward by organizaticns other
than AID. [ :

There would be a report of activities prepared at the end of 16 months
for an intensive 18 month review, and a further report at the 30th

‘month for a 32nd month review. ‘ -

1f it should be determined that an extension is to be made, the total
amount would notexceed $870,000. The fifth year, if granted, would be
for a relatively small amount.

The budget as submitted by the Oceanic Foundation is intended to serve
only to give guidance as to types of persons involved.

It is only che Oceanic Foundation's first draft and is not definitive.
A detailed work plan will be required within the first three months.
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Project Review Report - RIGC (9/12/74)

Project: Efficient Production of Seed Stock and Design of Open Water
Fish Enclosures - Oceanic Foundation, Waimanalo, Hawaii

Project Manager: James Urano, TA/AGR

Discussion Highlights:

Dr. Iong called attention to a typographical error on the front page
of the Project Statement in that the Total Amount for three years
should read $450,000. This figure does not agree with the proposed
budget following page 11, but represents a recammended level of
expenditure which will need to be worked out in detail and agreed
upon 'in any contract negotiations. It is proposed that there will
be a report of actiwvities prepared at the end of 16 months for an
intensive 18 month review, and a further report at the 30th month
for a 32nd month review. This means that this will be essentially
a 3 year project subject to thorough review before any follow-on
activities.

The Chair was taken by Carl Fritz, TA/PM, at Dr. Iong's request so

that he would be free to speak to the details and background of the
project planning. Jim Urano discussed the Oceanic Foundation as a
non-profit, research organization cdependent on contract and grant
funds. It is now independent of formerly associated tourist attracticn
activities. It has no ties with the University of Hawaii.

There was general discussion about the desirability of budget elaboration
prior to being submitted to the RAC. There was agreement that this

would be accomplished as much as possible in consultation with the

" Oceanic Foundation.

Mr. Gleason Rohlfs, SA/TD, asked about plans for the dissemination of
information. Dr. Long stated that this should be viewed in the context
of the several institutions involved in the program, namely Auburn
University, the University of Rhode Island, The Rockefeller Foundation,
and others. Training centers may be located in Fiji, the Philippine:s,
and some other site. Bill Littlewood urged consideration of the East-
West Center's program on training Asian entrepreneurs.

0. L. Mimms expressed the hope for emphasis on the consideration of
econamic and social aspects of the project. Dr. Long stated that the

project research design should lend itself to the utilization of results

for their econamic implications. Rhode Island is also a real resource
in the economics of estuarial versus inland aquaculture.
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Jim Urano cammented on the aspect of land use economics for areas not
now in use. Dr. long pointed out that there will need to be tradeo®fs
in the analysis of production economies and the arcas of nceds for
the products. Further, from the point of view of gecnetic control
there is reed for domestication and controls which arc not possible

in the open sea.

Motion: That RIGC approves the proposal for presentation to the RAC.
Moved by O. L. Mimms, seconded by W. Leake, approved unanimously.
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- SCHEDULE

ARTICLE I - STATEMENT OF WORK

For a period as hereinafter set forth in the Schedule,
the Contractor shall make available and employ its research
and development facilities and personnel at the level of |
effort hereinafter set fbrth and shall perform the services

set forth in Appendix A attached hereto.

ARTICLE IT - TECHNICAL DIRECTIONS

Performance of thé work hercunder shall be subject to
the technical.directions of the cognizant A.I;D. Scientific/
Tecﬁnical Office indicated on the Cover Page; As used herein
"Technical Directions" are directions to the Contractor which
fill in details, suggest possible 1inés of inquiry, or,
otherwise complete the general scope of the Qork. "Technical

Directions" must be within the terms of this contract and shall

not change or modify them in any way.

MRTICLE III -~ KEY PERSONNEL

' The key personnel which the Contractor shall furnish for

the performance of this contract are as follows:




Key Personnel «  Title
Dr. Colin E. Nash ~ Project Leader
Dr. Ching-Ming Kuo Principal Investigator

The personnel specified above are considered to be
essential to the work being perfdrmed hereunder. Prior to
diverting any of the specified igdividuals to other programs,
the Contractor shall notify the Contracting Officer béasonably
in advance and shall submit justification (including pfoposed,
subsfitutions) in sufficient detail to permit evaluation of
“the impact on the program. No diversion shall be made by the
Contractor without the written consent of the Contracting
Officer; provfded, that the Contracting Officer may ratify in
writing such diversion and such ratification shall constitute
the consent of the Contracting Officer required by this clause,
The listing of key personnel may, with the consent of the
contracting paréies, be aménéed froﬁ time to time during the
course of the contract to either add or delete personnel, as

appropriate,

ARTICLE IV - PERIOD OF CONTRACT

The effective date of this contract is the date of signature
by the A.I.D. Contracting Officer designated on the Cover Page

and the estimated completion date is three years thereafter,
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ARTICLE V - ESTIMATED CONTRACT COST AND FINANCING LIMITATIONS

The Contractor will be reimbursed for the costs incurred
by him in performing services.hereunder in. accordance with the s
applicable provisions of the Schedule and the General Provisions
subject to the‘followihg limitation made in respect thereto:
A. Total A.I.D. dollar funds available
for payment and allotted to this contract.:

See clause of the General Provisions

entitled "Limitation of Funds." $ 250,000

B. Estimated additional funds which may

be provided if funds are available § 248,532
TOTAL ESTIMATED CONTRACT COST $ 498,532 7

C. TFunding beyond A above is contingent upon the follow-
ing: (1) Favorable A.I.D. review and evaluation of the

results of the program after 18 months.

ARTICLE VI - BUDGET T

The attached Budget sets limitations for reimbursement of
dollar costs for individual line items. Witﬁout the prior
- written approval of the Contracting Officer, the Contractor
may not exceed the grand total of Funds Available as shown in
Article V-A above, nor may the Contractor exceéd the dollar
costs for any %ndividual line item of the Budget by more than

. 15% of such line item,
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ARTICLE VII - COSTS REIMBURSABLE

The United States dollar costs allowable under this
contract shall be limited to reasonable, allocable and
necessary costs determined in accordance with the Clause of

the General Provisions of this contract entitled "Allowable

Cost and Payment."

ARTICLE VIII - ESTABLISHMENT OF OVERHEAD RATE

Pursuant to the Clause of the General Provisions of

this contract entitled "Negotiated Overhead Rates," a rate

-or rates shall be established for the period beginning January 1,

1875 and ending December 31, 1975, Pending establishment of
final overhcad rates for the initial period, provisional pay-
ments on account of allowable indirect costs shall be made on
the basis of the following negotiated provisional rates applied

to the base(s) which are set forth below:

" RATE BASE PERIOD
On Site - 85% Total direct salaries & fringe benefits 1/1/75 - 12/31/75

Postdetermined indirect cost rates for subsequent periods
shall be established in accordance with the terms of the
"Negotiated Overhead Rates" postdetermined clause o the

General Provisions. The provisional rate of 85% shall constitute the maximum
rate for the period 1/1/75 through 12/31/75.

ARTICLE IX - PERSONNEL COMPENSATION

A. Limitations : o

Compensation of personnel which is charged as a

direct cost under this contract, like other costs, will be
’ 4 : .
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'
- reimbursablc in accordance with Articie VII of the Schedule
ehtitled "Césts Reimbursable" and General Provision No. 9
entitled "Allowable Cost, Fixed Fee and Payment," and other
applicable provisions of this contract but subject to the
following additional specified understandings which set limits
on itemé which otherwise would be reasonable, allocable and
allowable:.

l. -Approvals

‘ Salaries and wages may not exceed the Contractor's
established policy énd practice, including the Contractor's
established pay scale for equivalent classifications of
employees, which will be certified to by the Coﬁtractor, nor
may any individual salary or wage, without approval of the
Contfacting Officer, exceed the employee's current salary or wage
or the highest rate of annual salary orvwage received during any
© full year‘of the immediately ﬁreceding three yearé, provided
that if tﬂe work is to be performed by employees serving overseas
for a period in excess of one &ear, the normal base salary may be
increased in accordance with Contractor's established policy and
practice, but not to exceed 10 percent of base U.S. salary
éicfuding benefits. - There i; a ceiling on reimbursable salaries
and wages paid to a person employed directly under the contract
of the maximum salary rate of FSR-1 (or the equivalent daily

rate of the maximum FSR-1 salary, if compensation is not on an

¢
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annual basis), unless advance written approval is given by

the Contracting Officer.

2., Salaries During Travel
Salaries and wages paid while in travel status will
not be reimbursed for a travel perlod greater than the time

requlred for travel by the most direct and expedltlous air route.

.3.‘ Return of Overseas Employees
Salarles and wages pald to an employee serv1ng
overseas who is discharged by the Contractor for mlsconduct or
security reasons will in no event be reimbursed for a period
which extends beyond the time required to return him promptly

to his point of origin by the most expeditious air route plus

accrued vacation leave.

4, Merit er Promotion Increase
M_er'it' or promotion increases may not e#ceed those

provided by the Contractor's established policy and practice.
With respect to employees performing work overeeas under this
ccntract, one merit or proﬁotion increase'of‘not more than 5%
of the employee's‘base sala}y may., subject to the Contractor's
established_poliey and practice, be granted after employee's
compietion of each twelve montn period of satisfactofy services’

under the contract., Merit or promotion increases exceeding

K
d

w—
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these limitations or exceeding the maximum salary of FSR-1
may be granted only with the advance written approval of the

Contracting Officer.

5. Consultants
No compensation for consuitants will be réimbursed

unless their use under the contract has the advance written
approval of the Contracting Officer; and if such provision has
been made or approval given, compensation.éhéll not exceed,
without specific approval of the rate by the Contracting
Officer,'(l) the current compensation or the-higﬂeét ;éfe of
annual compensation.veceived by the consultant during any
‘full year of the immediately preceding three years or (2)
maximum daily salary rate of a Foreign Service Officer Class
1 whichever is less.
Note: The daily rate of a-Foreign Service Officer Class 1

is determined by dividing the annual salary by 260 days.

6. Third Country and Cooperating Country Nationals

No compensation for third countr& or Cooperating Country
_ nationals will be reimbursed unless.their use under the contract
is authorized in the Schedule or has the prior written approval
of tﬁe Céntracting Officer. Salaries and wages paid to such

prsons may not, without specific written approval of the

Contracting Officer, exceed either the Contrédto%'s‘éstablished
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policy and practice; or the level of salarics paid to equivalent
personnel by the A.I.D. Mission in the Cooperating Country; or the
prevailing rates in the Cooperating Country, as determined by

A.I.D., paid to personnel of equivalent technical competence;

7. Work Week
a. Non—overééas Employee, The work week for the
Contractor's non-overseas employeeS_éhall not be less than the
established practice of the Contractor.
~ __ b, Overseas_ Employee, -The .work week for-the -~ - - - -
Contractor's overseas ‘employees shall not be less than 40 hours
-and shall be Scheduied to céincide with the work week for those

employees of the'A.I.D. Mission and theACOOPerating Country

associated with the work of this contract.

B. Definitions

As used herein the terms “Salaries," "Wages," and
"Compensation" mean the periodic remuneration received fdr
professional or technical services rendered exclusive of
overseas differential or éther éllowances associated with
overseas service unless otherwise stated. The term “Compensafion"
includes payments for personal services (including fees and
honoraria). It excludes earnings from sources other .than the

individual's professional or technical work, overhead or other

charges.,
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ARTICLE X - SPECIAL PROVISION

A. In accordance with Additional General Provision No. 4
entitled "Personnel" whereunder the Contractor may not send
. individuals outside of the United States to perform work
under the contract without the prior written approval of the
Contracting Officer, the Contracting Officer does, hereby, provide
said approval for those individuals required to travel outside
the United States; providéd, however, that goncurrence'with
the assignment and/or travel of any and'allAsaid individuals

outside the United States isrdbfaihed, in wfitihg, from the

Cognizant Technical Officer of A.I.D. pfior to their assignment

and/or travel abroad.

B.- This approval by the Contracting Officer shall not
apply to any other clause or provision of this contract which

specifically requires Contracting Officer approval.

ARTICLE XI - LOGISTIC SUPPORT

Prior to making any visits to less developed countries,
the Contractor will review his plans with the Office of
Agrfculture. He will also keep A.I.D. missions in countries
to be visited fully informed of proposed visits, ask them to
provide any advice they wiéh regarding timing and content of

the visits and to participate if they desire, and he will

inform the missions of the outcomes of consultations. Contractor

\\"
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will make his own appointments and logistics arrangements directly.
Upon' completion of any project funded travel, a copy of the trip
report will be provided to the Project Manager design#ted in Appendix
A. The report format will be established jointly by the Contractor

and the Project Manager.

ARTICLE XII - ADDITIONAL CLAUSES TO THE GENERA.L PROVISIONS

A. Add General Provision No. 44 (Attachment A) entitled

"Cost Accounting Standards."
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ARTICLE I - STATEMENT OF WORK

A. Objective - To develop effective and controlled means of producing
seed fish upon which mature fish production enterprises are based and
-to develop effective distribution systems.

B. - Scope of Work

The .Contractor shall be required-to make available the required
persounel to develop effective and controlled means of producing seed
fish upon thch mature fish production enterprlées are bésed and to
develop effective distribution systems. The primary goal of the project
ig to develop tﬁe”artificial propagation of the milkfish in the shortest
possible time, The goal will be attained by a direct assault on those
aspects known to be necessary to achieve that end. In addition to the
practical production, which will be evaluated by the cost effectiveness
of juveniles produced cach year, a numbe; of specific research targets
will need to be achieved in order to supply .the detailed scientific
information requi-ed for direct progress toward the overall goal as
enumerated below:

1. Broodstock collection and holding.,

a, A considerable number of broodstock will be captured
for research material, to indicate, husbandry requiréments for holding
adults, for illustrating their food requirements, and for providing

a large genc pool‘for increasing the chances of good larval survival

after breeding.

WA
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b. Each fish on site will be numbered by year, class and
sex, and its life history recorded while it is in captivity, particularly
details of spawning, subsequent fertility and survival and growth of
its offspring,

¢. Sirce the-success of an artificial propagation system
depends primarily on the quélity.and quantity of broodstock resources,
large ﬁumbers of sexually mature individﬁals mus. be contained in good

health under acceptablc environmental conditions in order to reproduce

anc¢ yield viable offspring.

d. Essential external conditions for broodstock fish requiring

,)\‘research, are suitable water quality, a nutritious diet, high standards

of hygiene and limited physical disturbance, but most importantly the

i

/ broodstock shall be exposed to the correct environmental parameters

which influence the physiological changes in the pituitary gland and

~——

L/”Etimulate the gonads to seasonal maturity.
e. Many experiments with fish have used gonad decfopment
to interpret the effects of certain environmental regulators ou the
reproductive cycle., Among the -factors concerned are ﬁcmpcrature and

\\

photoperiod which initiate pituitary activity. The relative importance

" of each varies with different species of fishand shall be reflected in this

Studyo

f. The project will apply the existing knowledge for main-

taining captive Mugilidae in the most suitable environment for breeding

BEST AVAILABLF COFPY
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to maintaining captive milkfish., It will concentrate on details of

enclosure size, population'density, health, sexual development, behavior
———

and environmental controls and manipulation. The objective is to detail

the conditions for holding large numbers of broodstock throughout the

year, and to phase the spawning process to establish year-round produc-

tion of fertilized eggs.

2. 1Induced breeding techniques.

a., The physical contaimment of fish and their maintenance

in captivity for high survival are not generally difficult problems.
Milkfish readily become domesticated, as testified by centuries of
pound farming. They grow in capti&ity and are techaically mature, but
individUai females will not undergo the final stages of gametogenesis
and spawnin captivity. At prescnt these stages need the artificial
stimulus 6f hormone injection to complete the breeding cycle.

b. The project will use the induced breeding techniques
already established for the Mugilidae and use partially purified salmon
gonadotropin SG-G100, It will specify a technique, broviding data on
the critical time for injection,‘dose rate and frequency, subsequent
de%elopment procedures and behavioral reactions. An important objective
for induced breeding is tﬁ select a hormone which is widely available
and to stgndardize its potency and establish spawning dosage agginst

egg maturity,

p REST avAlLABLE COPY
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¢. Finally, present induced spawning techniques are applied

"to stimulate the final stages of development,
3. Egg and sperm quality, .

a. Fgg and sperm quality will be judged by microscopic
gross appearances and subsequent fertility. The minimum of histeclogical
examinations will be made to establish a scquential record of embryonic
development to which all subscquent observations can be related. If B
poor larval surviQal is persistent, then detailed but short-term studies
on the biochemica] composition of the eggs will be necessary in order
to establish that induced spawning.does not influence development
detrimentally.

b. Once egg and sperm quality are established, it is
cnticipated that there will be significant variations between individuals.,
Good fish will be marked for iheir capacity to producé good quality
gametocytes and used individually year after year. An early start
identifying good tish in this way will begin a genetic aspect of the
program,

! 4. Egg incubation and larval survival.

a. Environmental controls during larval development have

concentrated mostly on temperature, salinity, pH, oxygen and light intensity.

They all influence the rate of incubation development and/or survival

in some way,

4 BEST AVAILABLEF COFY
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b. However, the success of the larval rearing technique
and the need to become involved in short-term experiments will be judged
by the annual production figures from the hatche;y operation and from
observations made during the process. If salinity changes are indicated
then.a series of short-term research experiments will be conducted to
ind@caté the right saline regime for optimizing production. Similarly
’short-term cxperiments may be conducted for light intensity, water
quality, food density and food régimes. (For example, iL may be necessary
to work on the changes in body fluids in varying salinities to establish
the time at which the larvae can be exposed to lower salinities. The work
will be performed in replicate aquaria and inAan existing density column.)

5. Hatchery distribution.

a. Mass propagation is ineffective without satisfactory
means to distribute the juvenilés safely to the farms aﬁd the farmers
requiring them.

b, Handling ope_ations for‘young fish can be detrimental
to their survival. Mishandling and'oVercrowding, ghereby draining oxygen
from the water used for trans?oft, rapidly reduce théir‘numbers. The
final project fér the mass propagatian goal will be to test the best

methods of transportation for the juveniles.

C. Project Reviews and Coordination.

1. keviews will be at 18 montlis and again at 32 months. The

BEST AVAILABLE NOPV
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outcome of the 18 months review will determine program direction in the third

year and the outcome of the 32 months review will determine A.I. D.'s requirements

with regard to this project.
2. All plans and operations shall be coordinated with the Cognizant

Technical Office's project monitor.

3. The contractor shall be granted access to research results developed

under other A.L D. contracts in related areas.

"D. ~ Project Restrictions

e During the life of this project, no research, design, nor construction

of pens or enclosures for commercial fish production will be carried out. It is the

understanding of the partics that for the period of this contract the Oceanic Foundation

\;vithout charge to this contract will continue af its approximately present level of
activity its research program on the mullet. . If the effort under this program is
to be suspended-, or tetiminated in whole or in part, the A.I. D. project officer
should be advised at least thirty (30) days in advance of the effective date of such
occasion.
E. Work Flan .

The foundatibn of the overall project for the production of fish sced
is to estab{ish a broodstggk of mature milkfish in captivity. The immediate goal
is a total of fifty fish and 2 ‘capability to replace losses annually.

“Three appma{ches to the problem will be made im"mediately (of which one

will he through a linkage with an overseas center). An attempt will be made to

GEST AVAILABLE COPY
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capture spawning fish at sea at their natural spawning Bites; another will capture
the im.mature fish from fresh and brackishwater poS{é and allow time to mature in
captivity in seawater; the third will entail the trapping of migratory spawning fish
as they move out of the freshwatevr areas and to relocate them in the sea but in
captivity. The general care and maintenance of all these resources will contribute
to the information on broodstock husbandry.

Subsequent work will provide information on holding, handling and sampling

the broodstock. Each individual will be identified by the safest marking method

(which will be determined), so that annual fertility and quality Qf gametes can be

determined for loz:g-term genetic studies and selection of the best breeding fish.

Handling in captivity will also lead further into controlled manipulation for year-

round breeding.

Indication of progress in‘ establishing broodstock will be continuously

~monitored t.hrqugh such indications as survival in captivity, repeated spawning

from individuals, growth of the spawni‘ng broodstoék, and th_e development of

criteria for broodstock maintenance that can be substantiated by repetition

by !other network institutes. Activitjes and alternatives to be explored so as io

establish criteria for broodstock development are shawn in the attached flow chart

2,3,4,8,9, 13,.16, 17,20, 21, 25).during 1975 and to some extent during 1976.

The second major priority in the first two years is to define the conditions

for spawning in captivity by determining the conditions on thg"natural spawning
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grounds. This will be achieved by using transponder tags to locate spawﬁrfﬁ
fish o-n the natural grounds; determining the environmental concﬁttM‘(dt/the grounds;
and to simulate the conditions in the laboratory or the spawning tanks. Although
hormone treatment is anticipated as being essential to complete spawning development
for the immediate future, some work will be established for spawning fish without
hormone treatment maintained in optimum conditions. The second objective of
this priority area is to produce fertile eggs from fish in captivity 'with or without
hormone treatment. o

All"fish capnured, whether dead or alive, will contribute to the basic know-
ledge of the natura.lreproductive physiology of the milkfish which, at present, is
almost upknown. This information is fundamental to the entire study and provides
the background to all the induced and natural spawning responses. This third priority
area is therefore dependent on the catching of (pref;arably mature) fish, but not
totally dependent on live fish. 'I"he main objective of the third priority area is,
however, to define the optimum inducéd spawning procedure for salmon pituitary
gonadotropin and subsequently other cheaper hormones if ne;:essary. This aspect
is totally dependent on live fish from an established broodstock. This objective
wil,l be achieved when repeated successes with hormone treatment for spawning
fertile eggs aype recorded.

The activities to achieve spawning in captivity, while related to the

establlshment of the broodstock, also entail specific explanations also described

on the flow chart (5,6,7,10,11,22, 26) with the eventual selection of the best method
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and proccaures to obtain spawning of the broodstock.

The remaining three priority areas; improving ‘survivnl of lafvae, increasing
" hardiness of early juveniles, and improved handling and husbandry of juveniles;
are all dependent on the production of fertile eggs as they involve work with larvae
and juveniles.

The development of juveni'les Khas been described as a two stage process,
numbéring I (0-20 days) and II (21-50 days), because this differentiation may be
important to distribution‘. ’ : S : S

The work, therefore, is divided into separate objectives for Nursery I
and Nursery II pro.duction. The need for both is to increase the survival, recommend
the rearing procedures with optimum growth rates, and to evaluate the economics
of the subsequent distribution complexity.

The period from hatching to a‘hardy, juvenile state requires an estimated
21 days and is an extremely cri.tical period requiring caref-ul and fundamental
investigation into such items as salini.ty variables, food density, and rearing
density, as indicated by flow chart activities and numbers 12 and 18.

Nursery work as well as thc? development of optimum distribution methods
and hatchery procedures whether from Nursery I or II will be carried out during
FY 76 and will be planned to extend into 1977 if the results of the 18 months review
indicate the need continuation. 1t is during these latter phases flow chart Nos. (14,
19, 23, 24, 27, 28) that the final system (29) is expected to be:achieved, but may
require the entire five year period to complete, subject to ;:he results of the thirty-

two month review.
BEST AVAILABLE COFPr
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' - Table : Work Plan Oucline 1975 -1977 (Inclusive)

Pronrem Area “hiectives

1. ESTABLISH BROCDSTOCK I CAPTIVITY
d) Collectiom of mature fish in secason (at sea)

b) Collection and greving-on of irmature fish
(from brackishwater ponds)

¢) Collection of migratory fish (from knom nms)*
d) Developront of broodstock husbandry

e) liolding, hmdling and sanpling large fi§h

£) Identification of broodstock indivicuality

-

g) Year-roumd breeding through enviromental control

L ]
2. ESTAPLISH OXNTIITONS FOR SFARNING

a) Detenuinzijon of natural svawaing conditicns
(through locotion of spewming sites)

b) Sinulaticn of spaming corditions in laboratory
- (by envirgirental control )

¢) Attemt spaming without hormone treatment
- (by bchaviorel responses)
3. DDUCE SPAITIG EY HOMISE TWECTICH VAS TO:
a) Define thc optirim induced spavning precedure
(for salmcn ponndotropin, spocifyirg correct time
for trcaiment, dosage, dose rate, response, etc.)

b) " Determine cost effectiveness of readily available
- hormones.

Experiments will include:
1) Detemmine natiral reproductive puysiclery (for both sexes)
frea imanturicy ‘ :

~
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2) DL_Lr snine responces to hommone treatiscnt

3) Test recctiens to salmon pituitary tm...'lot.ropm

4) Tes: reactions to other cheaper hormones

IMPROVE SURVIVAL OF TARVAE I TAEORATOTY

a) Fursexy I (bav 0 - Day 215%) developzent
Definition of tursery I rcering procedure with recommended
focilities, food and food deds ity, rearing density, water
quality, aad etern:l envirerzacmital condicians, ete.

b) Production high survival (%) from available eggs.

INCUEASED [ARDINESS OF ].AR\v’AE TO JUVENILE STAGE

a)-- Rursery Il (Dav. 21 - 1;.1} 507 developm: S
(I‘enmrm : of I“tr.sm'v IL ceecing pmMuu*c
with vecorvotded fan 1:‘.tiz—:~:, foue and food

——- density, reaving dmnsity, wator goalitv end
environmental condiviocos.

Juvenilc" Jovner and healthier thon those cavrnt
and distrileted by the auisting frvoing opovatovs
and expacted products,

b) Econoics of operaticas -

Low cost of juvenilec

DMPROVE HAIDLTAG AND HUSHANERY OF JUWVISIILES

a)’ TIiprove cnlliection of juveni 1es frem I‘ursexy 11
facilities

b) Develcp safe txanspof aticn metdinda

1., Davelop saféd procecrres for w:ss collection and
transportaticn of rarcery stock,

2. Recomend Optir:.:-.x ceonomic transfer rethod for fry
ci*uibution, Oron uniconm operational costs and
= samvivel factor.

[
-

- 3. Restrict receiving fucilities on fmms.,

Note ** - M estimated stzge difforentiation,
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. - pcollect mature fish at sca \O___ -
=TT T
/ collect and grow immature fish h( stablish, maintain
25

broodstock

develop hroc‘ixlsl.ock husbandry \ develop broodstock husbandry

[— 1 7 ,
handling tcchzliqucs for large ’1“@)_ J/ K \\ holding, handling sampling large {ish

\ tagging, marking individual fish

—

)

I .

|

| breeding w/ envir'al control _,O
|

]

determine natural spawning COI‘ldlthDS

'41) ——— m—  — s s——

!
sipulate similate natural spawning con(huons in lah
n;tunl cond'n

8 B
11“ lab 7Q*tcmpt O spawning w1thout hormone treatment \g\(}_ln(luccd spawnira

invegtigate reproductive physiology ’ o
] o
~ ~ 32-month revicw —>» /
\ .
\sO hormone “/1"1\ continue hormone treatment inc. salmon pituitarv __ /
S . —
treatment
test cheaper hormones ) ,,
rear larvae
(18 rear larvac days 0-21, csiablish Jursery I
18-month review =p
refine hatchery methods
. I Jursery 11
PROJECT ACTIVITIES rearing davs 21-50 o\ _days 21-54

FLOW-CIIART

o

economics of operation

T Prepa ti
Preparation phase develop't _
improve collection of juveniles from Nursery II [\

: ' transportation transportation /8\
L ' \ O
* : . ’ \ N ccor.omu analysis
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Work Plan Linkages

In addition, specific areas of cooperation with other agencies planned for

-the project are as follows:

a)

by

._c)

d)

e)

f)

The Oceanic Foundation has signed an agrecmentto train technical staff from
the SEAFDEC Aquaculture Center in the Philippines in the practice of induced
spawning of mullet between January and March, 1975. The trainees will then
return to put their knowledge to both mullet and milkfish breeding in the
Fhilippines, under continued guidance from the Foundation. SEAFDEC have

- agreed to provide the travel expenses of the'trainees. The Foundation will

support the balance of the program from their own funds.

In addition to the development of a transponding fish tag for determining the
nuatural spawning sites of milkfish, field work will be encouraged in both the

~Philippines and in Taiwan where greater resources of fish are available.

The Foundation will work with the SEAFDEC Center in the Philippines and
the Tungkang Fishcries Research Station to obtain information from extended
use of the tag. The Dircctor of the Rural Reconstruction program in Taiwan
funded by the Rockefeller Foundation has agreed to this cooperation.

No migratory milkfish runs are evident in Hawaii and therefore the
catching of migratory fish and retaining at sea has to be done elsewhere,
The Foundation will work with the field stations of the SEAFDEC Center in
the Philippines to supervise this work,

The U,S, Peace Corps stationed in the Philippines (and working mostly with
the Burcau of Fisheries) have been making some preliminary efforts to catch
and spawn adult milkfish with little success. The Foundation will work with
the fisheries officers involved to try and improve their results.

The National Marine Fisheries Service in Honolulu recognizes the value of
juvenile production for the progress of aquaculture. The laboratory has
offered its assistance for the catching of milkfish broodstock. It will, if
necessary, use its facilities to bridge the gap between the transfer of adults
caught in the sca back to the laboratory; or support the construction of
Rolding facilitics within U7, S, Government Property Arcas, possibly of the
U.S. Navy which has control over the entire Pearl Harbor region and which
constitutes some of the best milkfish grounds.

Except for (a) above, which is already organized and funded separately by
the Oceanic Foundation, expenditures for linkage field projects and trials
are not coverced by the present budget.
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APPENDIX A
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F. Reports

Notwithstanding Clause 16 of the General Provisions, Contractor
shall submit fifty copies of annual reports in English which will be required
45 days after the anniversary date of the contract. Guidelines for Preparation

of the Research Annual Report are attached for your information. The reports

shall be forwarded to:

Leon Hesser, Project Manager
Office of Agriculture

Bureau of Technical Assistance
Ageacy for International Development




3.

4.

5

6.

8.

Budget

1975 - 1977 (Inc.) Years

01 -03

SALARIES (Man months)
FRINGE BENEFITS (8 %)
CONSULTANT

TRAVEL & TRANSPORTATION
CAPITAL PUKCHASES -
VEHICLES & SUPPLIES
PUBLICATIONS

OVERHEAD (85% of #1 and 2)

- TOTALS

Year 01

46,060 (397%)
3,915
5, 000
3,500

35, 000

6, 000

141, 954

Year 02

46,060 (39%)
3,515
0
5,500
4,500
5,342
250

42,479

108, 046

Year 03

106,800 (74¢%)
9,078
5, 000
. 7,500
11,500
9, 908
250

98,496

Total

198,920 (153)
16, 908
10, 000
16,500
51,000
21, 250
500

183, 454

498, 532
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1/[ emorandum

ACTION

AAJI", Or. Erven J. Long DATE: February 27, 1976
T2 1728, Dr. Miloslav Rechc1°1“//(i7z\

: A
T:/4C2, Leon F. Hesser %

tm=nfae-~t No. 1 to Oceanic Foundation Cout'act on Artlrlcal N
cuezzticn of Milkfish . P

:-~

P

In conducting research on the Artifical Propaoaglon of Milkfish

*ro3zcT Xo. 526, it was determined that the pathology of wmilkfish was a

5T constrzint to achieving the project purpose. The current centract
ith the Oceanic Foundation does not provide for rese=rch on

ci the miikfish.

S scrssicn: Disease is a fundamental problem in aquaculture. Milkfish
this problem, and their diseases range from psycnological to

t,

Zachesis oiten is on combatting specific diseases zs they crop up, using

€rvzs, etey but while including this approach in the amendment, tha Oceanic

rroadabtion will e:pha51ze basic situations predisposing and occurring before

312 cnset of am overt pathological conditica., Pregress has already

220 in this area, and it is of major importance in milkfish (as well

z3 otker species) aquaculture that not only should predisposing conditions
Ss

t2 disessz continue to be investigated, but that preventive measure be

ze Zztionale: The milkfish is raised and consuwed throughout

=25t Asia. The research grant awarded to the Oceanic Foundation

2= Jzmpary 1275 recognized the importance of this fish to thz region.
—o>wevsr, it is apparent that certain pathological conditions will be
‘>voived zttendant upon. the necessary steps in handling and treating
c-oodstnck. Tn order to realize the potential of the artificzl provagation
:Z nfi=fiszh, these pathological conditions must be identified and solved.

pecific products: Research vill be conducted on basic pathology
2lture-induced pathology. In the latter case it is expacted to
—ethod for 1d81tify1ng the existence of a certain disease and
oroposed simple preventive measure,

h .
- . e N

.
4

-

Buy U.S. Savings Bo.nd.r‘ Regularly on the Payroll Savings Plan
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c. Cost of the planned investigation 1s $35,800. Funds for this
attivity are available in the FY-76 budget from the unutilized Auburn
Technical Assistance Project.

2eco==endation: It is recommended that you approve an amendment for the
patnology of milkfish to the existing contract.

Approved: (C;Dn&;m\ﬂj' Zf«rf“’[
{

Disapproved:

Date: ‘G})}d,ru/{t Qéf 177¢C

Attachnent: -
Oceanic Foundation Projposal
October 1975

oy
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I - 1 R A T O : " . 1

s 1SSUED 81 \| Iy Jr L 6. ADMINISTIRID BY (if ¢/~ »= biad 3)

"Cort“al Operationa Division ’

- Office .0f Contract Manug:ent . - -
dgency for Int:rnutlo:al Savalovpnent . _
Vashin-tan, D.0., 20573 ) - reann .

7. CONIRACTox ont | ] facnsiyeonip s AN { [

| HAML anD aDSRESS ] AME-iDMENT O it “Tp.
\ ':Q- I—’ . _] - soq,nmnoL.. [N Saenc-d) }."Rl 4

1 ! Oceanic Foundation - \\o\wm )

(Sreet, ciry.  TOkapuu Ceeunic Cunter : A

:r:;"]y,‘[‘;’)“". }:..'l.'-:apu\l FOinL . . D MOD’]'ICAHON of A

ol -‘dai_m\rmglo, }-;a\"aii 96795 - ) CONIRACT/ORD(R NO. 4240 P

. L ©o __I . nnzo._lleﬂi_ i See .blcn'l 7y

P. THIS BLOCK AFPLIZS ONLY 1O AMINOMENTS OF SOLICITATIONS
D The obove rumbered solicitoteon 1 omerded at set forth wa bleck 12, The howt ond date specified for receipt of Offers D is erlended, D i not eatended.

Offerars must acknowledge recespt of this omendment prior 12 the hour ond dote specified in the solictntion, or 03 omended, ty one of the following methadi:

{o) By signing ond teturning cop-es
whieh includes a reference 1o ¢ 10actalion ond omendmenl aumbers.

OATE SFTLITICD MAY RESULT IN BLIECTION CF YOUR OFFER. 1, &y wirtve of thiy gmendment yov deure to thango on oder nirsody 1ubmited, such change moy oe masc by Ieie;

or lefter, provided such telegram or lemer. manes reference 16 the soliciotion ond the omeadment, ond it teceived prior 10 the opening hovt and dote specified.

of they amendment; (b] &y etino-ledg-nq tecerp) & f thy amtndnt'\' on eoth topy o' the ofler lul‘.\rrn"ed or (:) !xy npowlg h-u.r o ‘e'z [

10. ACCOUNTING ANRD AFFAGPRIANICN DATA (If required)

S

NA

V3. THIS BLOCK_ AFPLIES ONLY 1O MODIFICATIONS OF CONTRACTS/CZDERS

(o) D This Chonge Order 11 111ved pursvant o _,._—;A_Q__l_‘_élﬂ,_g,,_gt‘cnﬂ edﬁ— E .0 a : I:O a . 11—22? ..._-

The Chonges set torth in block 12 cre made 1o the obose ‘numbered contrct/order.

tb} | ,' The obove numbered cor'roct/order 13 modified 1o reficct the odministrative chonges (such o;'ghong-! in poying office, oppropriotion dota, efc.) sed forth in black 12.

{e: ! l This Supplemental Agresment 1 entgred into puitvant to ovthority of

# mad.fay the ohoys agmberad contease a1 oot fanh 1n oo 12,

2. DESCRIFTION OF AMENDMEST MODIFICATION ) .

ﬁhe Contract is hereby amended as follows:

Add ARTICLZE XTIT - ¢ VAICD PAYENT as shown on the attached Fages.

CEETIFIED A TRUS COPY TBIS

. c LW pay op 1/ 15953
| : BY ‘JB.O e nﬁﬂipl

l "\

.un‘ o1 geonded herern, cli torm ond cond.ons of 1he document relerenced in Likh B, 01 haietolore chonged, ramamn vntMn")Qd ond n tml lolu ond eflect

SIPACIO? O (TN L]
CONIBACIDZ/CHEROR 13 NOT LEQUITED 131 0y ip, 1o R/OIFEROK 1S RIQUILED 1O SIGN TS DOCUMENT AND vuum _G___corus 10 msume

O"-l-",'.

[
. ) 1D SIGH TS DOCUMENT "
s — - cae cem e R C e me =TT LS . —
{a. NamE O CCHTRALTUR Qo Pty ./_/' . V. qmuu STALLY L Ahqunu PR '
Y Ay Y Sy : 7 ' J7 )/7

w_ R/ ...(’.’..- Nl Ay oy ) / [ -.’.}___. e — e
. (Sqnun.-. ) parvun uvihwrniee d lo sy . '\.o"'sdhu. ot Crantrat g Litael -
N NAME AND TILL OF SIGHEE (Dt er print) 16, DAIL SIGHID VB, HAME OF u,pm..c fu(. GIICKK {1 ypre wr peant) T LA L

L6 s . " o . -

\1U1dn}\.._uulhnv,, 4728775 (“,/) |

Vice President . ¢ ‘
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ARTICIS ° I[I = ADVHC S EaXIENT e

(1) Amount :of livanca.. At the request of the Contractor, and subject

to tﬁa conditions hercinafier sat forth, AID shall mzke sn initial zdvonea
peyment to the Contractor in an azount not to exceed 21,875, Mo advanes
paymcﬁt shall be made (&) without the approval of the office adiinistering

. aannce_payments (hereinafter called the "Administeriﬁg Office" and dosiénn—
ted in paragzraph (9)(c) hereof) as to the financialAnecéssity therefor;

(b) in an amount which together with all advance payments theretofore made,
shall exceed the arouat stated in paregraph (9)(a) hereof; und (c) without
a properly certified invoice or inv01ceg. To reqﬁcst the initial zdvaace

.- paynent, the Contwactor shall submit Vouchef Form SF-1034 and 1034(1) to

 the Agency for Inter navlo.al DGVElﬁLMCDu, Of fice of Financial Managa:iont,

Central Services Divisicn, Iaghﬂnuuon, L.C. 20523,

(2) Use of ‘hﬂ.g. The funds mey be used by the Contractor sslely for
the purposes of masing payuents for iteus of allowabla cost as defizned in
Artiéle VI of this'gontract, or to'rcimbursc the Ccntfactéf for 'sush items
of allowable 6ost, and for such other purposes as the Contracting officer
may approve in writing. Any interpretaiion required 2s to the proper use

of funds shall be rade in writing by the Contractisg Officer.

(3) Return of Funds. The Contractor ﬁay at any time repay all or
_eny part of the funds.advanced hercunder, Whenever so requested in writing
by the Contract ing Officer, the C&ntrnctor shail repay to the Goveramand
such part of the unliquidated balance of ad:ance payments as’ hull in the

‘opinion of the Contr.m.ta.rb Cfficer be in-exccas of cnrrunb requirecmunis,

.- -
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* mime o o

or “(vhen added to total advances_previously rade and liguidated) in excess
of the armount specified in ,ararra“h (5)(a) hereof.

- (4) Popdenishm-nt and Id-uiintion., Following the initial advance

-paynent, AID will’ per‘oaicallv reizburse the Centractor in amounts egual

to'reported expenditurcs in order to repleniszh the advance funds-oﬁ an
imprest basis, Such replenisr.enu shall bo rade ronuhly upon subnission

of documents prescribed in Ganeral Provisions Clause 9, entitlel "Allowable

Cost, Fired Fea, end }aymgn‘“, unvil such tlna es total reinbursements plus

- the initiel advance ‘payment eQuals the a:onnt ol total estimated cost

stated in Article V of this Contract. Thereafter, vouckers for expenditures,

vhich shall be marked PHO PAY" by tha GOuuractO-‘befO*c subzission, w111 not

‘be reimbursed, but will be applied to lijuidate the remaining outstanding

advance. In tké event that the total amount of such subvscquenl vouchers

" 4s insufficient to completely liguidate the outsisnding advance, the Con- .

tractor éh&ll, pursuant to Gcncrél Frovision Clause 9, entitlzsd ¥allcwable
Cost, Fixed Fee, and Payment", mak repay:ént to AID of all unexperdad
portions.bf the advanced dollar Tunds which are not oblizated urder this
Contrnct at t e time of submission of the "final vouch er”, Iﬁ the evgnt
that there are such outstanding ob11~atlons, & subsequent accoun,lng with
respect thercto ahull be made in the same man:er aS‘pregcr~bed b; the said-
General Provision Clause 9.

.

"(5) Defnult Provizicns. " Upon the harpening of any of the following

events of defcult, (a) terminatien of.this'Contract by reason of fuult of
the Contractor; (b) a firding by ihe Contrmcting Officer that the Contrzetor

(1) has feiled Lo observe eny of the covenants, conditions, or varraniies

\-
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of those provisicna or has failed to comply vith any material provisism of

this copiract, or (ii) bas so failed to make progress, or is in such vnszab-
'

isfectory finun;iai condition, &s to endanger performance of this Con:rsct,
“or (i1i) bas allocated inventory to this Cortract substantially exca ciing
reusqnable requirecrents, or (iv) is delinguent in paywent of taxes or of
the costs of perforzance of this.Contract in the or d;nury cowrse ¢f business;
(c¢) eppointment of a trustbe, receiver or liquidator for 11 or & substantia
part of ‘the Coatractor's pronruy, or institution of ba caruptey, reorgani-

-

gation, arrungenznt or liquicdation proceedings by or against the Contractor;

or (d) the comiission of an act of bankiuptey; the Government, ﬁithou* 1in-
iting any rights which it may otherwise have, ray, in its discretion and
upon written notlice to the Contractor, witﬁhold further paymeats on this
Contract. Upon the continuance of any such events of defaoult for a ;e**ud
of thirty (30) days after such written notice to the Conireetor, the Govern-

ment nay, in its dlsc*eulon, and wi thout limiting any other rights which the

Governdent ey have, tzle the rollo winz edditional actions as ii may deem

~ appropriate in the circunstances:
(1) Withdraw all or any part of ihe balance of the edvence pay-
nents by checks payable to the Treasu‘er of the Unitrd Stategs and apply

-

such azounts in reduction of advance payments then outstanding herecunder

and 3in reduction:of‘any other ciaims of the Governrment azainst the Coatrac;
tor; "  , _ .

(1) Charge interest on advance payments outsteniing during the
poriod of eny such default ui the rate of six pcrccnt (63) per annwu;

.

(3i1) Derand 1mmcdiute repayment of tho un1iqL1 ated balance of

. BEST AVAILABLE COPY _ . Q
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advance payments hercunder; or
(iv)‘ Take poscession of und, with or withoud advertisemoent, sell

.at public sale at which the Government may be thc purchaser or at a private
sale, all or any parti of the properiy on which the Covernszent haé‘a lien
under this Contract end, efter deducting any expenses incident to such sale,
épply the net procceds of sueh ale in reducticn of the unliquidated balance
of advaqce peymentis hereundor &nd in reduction of any other claims of {he
Government against the Coﬁﬁractor. | |

(6) Prohibiticn ewminst Assicument. MNotwithstanding any other prlovi-

sion of this Contraci, the Contreector shall not transfer, pledze, or olher-
vwise e&ssign this Contract, or any interest therein, or any c¢liaim aricin:

L] ’ .
thercunder, to any party or parties, banik, trust company, or ciher finan.

cing institution,

(7) Peoresentations and Werrantics. To induce the making of the

advance pzjyments, lhe Contractor‘represonﬁs and warrants that:

(a) Mo litigation or proceedings are presently peading or throate
ened agaihst the Contractgr.

(b) Xoxe of th2 provisions herein comtrevenes or is in econfld Lt
with the cuthority wnder vhich the Coalractor iz doing buzines: or with the
provisions of any existiﬁg indentura or avrecment of the Conatractor

(c) The Contr;ctor has the power to enicr into this Contruct nng
accept udvance payments hereuader, and has tdlzen all necessary action to

.

authorize such acccptonece w.der the terrs cnd conditions of thic Conirnc

-

(d) There has bzen no assizrment of claiis under eny contrcet

affceted by theae advunce payment provislens or if thore hus Lran any cosis
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mont, such assignment has been ters inatcd.
‘(e) A1l information furnished by the Contructor to the Administs

ing Office in connection wich each recguest for advance payrents is true end

correcte

(f) These representationsand warranties shall be coudinuing and

shall be deened to have been revceted by the submission of each inveice for

advance payzent, -

(8) Covenants. During the period of time that advance peyments may

be. made hereunder end .so long as any such advan~s payrents remzin waliculi-
X) | % :

dated, t e Contrﬂcuor shall not, without the prior written cousent of tre

Contracting Gfficer, mortgage lba" or othp ruisd encur¥er, er surfar to
(-3 ? ? ) )

be encu.bered, any of the assats of the Contract row cwned or ifcreafter

accuired by it, or permit an; yre~c\¢5ulrb Lortﬂ ges, liens, or other encwri-

berances to remain on or stiach to any &sscts of ths Contractor viaich ure
allocated te the perforrance of this Coantrect and with respect to whiceh the
Goverrment has a lien hereunder.

(9) Lesimations z2nd Deteormirations

Vo

~(é) Avount. The aggresate amount of the zdvance paynend to be
mede hersunder (less the apggregate améunts paid or uithdrawn pursutnt to
paragraph (3) shall not crcaed ~?1;875.‘
(b) Interest Charge. lio intercst shall bz charged for advenca
R .

payzments 1:ade hercunier, exceprt interest during a period of defauvlti as
L

provided for in parasraph (5).

(c) Administering Office. The officc aduinistering sdvance joy—

rments is designated as Office of Financial Manageaent, AID.

.
- - -

BEST AVAILABLE COPY




(10)‘ Othrr Sccurity., The terms of this Contract shall Le connidered

udequatc'security for advancc:paymcnté hereunder, éxccpt that if at eny tire
the Adninisferihg Of'fice deers the security furaishied by the Contracior to

be inadequate, the Contractor shall furnish such edditionnl security es may

be satisfactory to the Adainistering Office, to the extent that such addi~

{ional security is available.

.
Y

. » } -1
Al
f .
}
{
i 3
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VIMORANLLM - UnfE: Marchk 16, 1976
70 : AA/TA, Dr. Exven J. Long

FROM : TA/PPU, John N ‘Gﬁgning

STBJZCT: Request for adéitional funds to increase scope of work in
Artifical Propagation of Milkfish Project.

Subject activity was approved at a level of $450,000 for a 3 year research
eZfort and finally contracted at a level of $498;532. TA/AGR is now
raguasting an amendment to the coatract to increase the funding level of
the contract by $35,800 teo include a research effort on milkfish which

had not been included in the original contract. Approval of TA/AGR's
request would bring the total cost of the contract up to $534,332 or a

197 increase over the approved level. In accordance with Handbook #3,
chapter 3, it is not necessary to obtain Mr. Murphy's approval.

We concur with the increase scope of work set forth in TA/AGR memorandum
aand recormend your approval.

P
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- " " ATTACHMENT A
GENERAL WORK PLANY '

The program has to be envisaged as a series of steps, each representing
progress to the vltimate goal of successful artificial propagation of
milkfish and improving farming methods,

The program activities are therefore a logical sequence of events and
hopefully successes which enable the objectives to be reached in the

shortest possible time. During the process it is known from experience

that short-term research projects will be necessary to enzble the next

step to be made. Such research projects will be undertaken at once, If

an aspect of the work indicates a lecng-texm research project, then action
will be taken to obtain the support elsecwhere. For example, problems

with disease other than the basic control of bacteria will be pased to another
center.

It is hoped that the progress of the study might pirfsue the following patterh
within the given time frame:

" Year 1 -~ Select suitable broodstock.

- Commence collection of physiological data on reproductive cycles
identify stages of egg and sperm.

N~ n €3 A A | P, - b P P, V- - e
WLlo J he dede O W J-\.—u\-— ULU‘-‘U \—o A, ll“l‘\—s Y tJ(.A-L L—-L-\.—U.L(J-n J-) DCAAAAJI.A lJ‘- t—u-l-uﬂ.l.]

gonadotropin as indicator.

Develop larval rearing techniques following successfil incubation
~of any fertilized eggs obtained.

~ Identify individual brood fish reacting well to injection and with
high quality eggs or sperm as indicated by larval survival.

- Arrange a joint seminar with Auburn University and University of
Rhode Island. Visit U.S. AID aquaculture project in Philippires,
‘Tungkang Fisheries Institute in Taiwan and survey Japan's recent
progress in cage and pen constructicn.

Year 2 - Upgrade levels of activity in larval rearing technology.

- Formulate mass propagation techniques using controlled data following
studies in first year, i.e., larval density, food demsity, etc.

- Exéhange personnel with Auburn University, and apply results of _
the first year where applicable to the U.S. AID aquaculture project
in the Ph.].llppmes

Year 3 - Extension to be determined by 18 month review,

*A detailed work plan will be supplied to SER by Oceanic Foundation through
TA/AGR in draft within six weeks of this date.

!
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ATTACRIENT B
Artificial Propacation ‘ .
Ycar 1 Year 2 Year 3 - Ycar 4 Year 5
A. Personnel Salaries and Wages
C.E. Nash, Ph.D. (20% time) 5, 000 5,250
C.M. Kuo, Ph.D. (S0% time) 20, 000 21,000 . 5 percent arnual
A. C. Smith, Ph.D. (20% time) 5, 000 5,250 cost-of-living increases
Two rescarch assistants (100%) 22,000 23,100 , s
Tcchnicians (one the [irst year, '
two the sccond year) (100%) 9, 000 - 20,000
Subtotal 61,000 74,600
B. Fringe Benefits (10%) 6,100 1,460
C. Combined Salarics + Benefits | 67,100 82, 060 86, 160 90,470 . 95,000
D. Expendable Supplies o 10,000 19,000 10,000 10,000 _ 10, 060
E. Pcrmanent Equipment . - | 20, 000 20,000 . 20,000 20,000 20,000
F. Travel i 3.500 . 3,500 7,500 - 7,500 7,500
G. Ovcrhead (46% of A+B+C+D) 35,470 42,350 44,230 46,220 48,200
H. Contingency (10% of A-G) . 13,610 15,990 - 16,790 17,420 18, 080 '
. i 1 . ’ '
TOTAL 149,680 375,900 184,680 191,610 198,850 - |

Note: Budget sbove is suggested by TA/AGR and should te adj'usted by Oceanic Foundation to conform. to RAC:
. Approval of fimding of $250,000 first two years, and dépending on 18 month review and a total of |
$450,000 for first three years. Further, RAC approval will need to proceed to a total of not to

exceed $870,000 for five years. a
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AID 1250-1X

- e Eae

LLLis ’/'M

- 1. Cooporating Country :; F . '-;
y XTI DEPARTHE: . OF STATE WOVLDWED 7, “3USTMGL- Page 1 0 ages (71
A m‘reRNATAngﬁiﬁ*DZ\O/:LOPMENT 2. PIO/T No. 3. L] Original o N
"_. - ,‘\h q;L/7 ’: 0 -5 .lv /7 Amondment No. .___,_’_1[
. . - 4. Projact/Activity No. and Title
, 1o/7 PRO%;DTELL'}T&E%ET;:‘E fON The Arvificicl Propagation of Hl].kflSh Aiis-a.
SERVICES
DISTRIBUTION 5. Apgroprioticn Symkol 6,A. Allotment Symbol ond Charge y 6.8, Funds Allottad ta:
T2-IXI023 402 -Di- 0UY- 60 -'.‘»",3-—5’;" 1 ALpaw OMission
7. Obliqation Statys 8. Funding Period (Ajo., Day, Yr.)
m Administrotive Reserveotion D Implementing Document From ]q/]/7/'1‘0 12/1 /76
9.A. Scivices 1o Start (Mo,, Day, ¥r.) 9.8, Complchon date of Sorvices
Botweon 12/1/74 end 12715174 (H10., Day, ¥r.) 12/1/77
10,A. Type of Action .
.A.I.D. Controct O g::::tr:'(':no?mac‘ O g:'r:::;ngn:eqc::::\cy DOthcf
10.B. Authorized Agent . .
AID/W | ;
Estimated Finar.\‘eing ) ‘ ) (&) @ ;
$1.00= Previoys Totol _Increose Decrease Total to Doto
1.
Moximom A. Dollars 250,000 . e 250,0\00‘_._.‘
A.lLD, - :
) Pinancing B. t:.s.,:)gn.d Aouos Snio Ll dE % i
ocal Currenc - H
12, : N /A’tﬂﬂé-- ig
' .Cooperoting A, Counterport . ////5/7\5— ’ :: ”
Country N N 7 H al l
o Contributions LB. Other* oo, rC0 | ;E .
sission 14. Instructions 1o Authorized Agent ' ' § :
References | This PIO/T requests the Contract Office to negotiate a new contract with AL
the Oceanic Foundation, Waimanalo, Fawaii to provide resesrch services 0
described in Block 19 herein for a 3-year period beginning approximately &
Decenber 1, 1974. The estimated cost of this 36 month period is $450,000
and the estimated cost of the first 24 months thercof is $250,000, as appreved
by RAC on Octobexr 17-18, 1974. This PIO/T provides only for the first 24
‘Imonths incremental fundJ.ng The balance of the funding should be provided
subsequently subject to revicws and availability o.) funds. Muy be necessary |
to- | to modify this: work plan when a detailed work plan is subnn.tt.ed and revictwod
Attachments At by AlD.
A. General Work Plan; B. Budget )

‘S. Cloorances —~ Show Office Symbol, Signature onu Date for ol}. Necessary Clearonces.

.. The specificotions in the s:cpo of work ore technically edcquate

" JAGR, H. Rice Wl pace. ////5“/ 7"]

¥

'I‘A/I’M . Molfotio

C{f/'\

l B, Funds for tho services requosted ara avcilable

/2577

1ppeoved Aguncy Programs

"~ AGR: L. Hesse {//’AJ’ Date: ‘//f/7}1'

<. The scope of work lies within )hc purv-ow of the mlllohno dnd D,

Dot

TA/RIG, M. Rechu;i\‘

fom1/-+
Date {/'2 // /

A/ACR, G. Ban:d“" *  Date:

M ey
A/ACR, R. liolmes X el Date: U/ 74 7"’ 'I‘I\/PM r'ary Moz

F.

..yns;kit')\’(

A ) MA’

Date: IJ/ 5l7

For the cooprroting country: The terms_ aund conditions

17. Tortho nuom‘y) ) ln‘cmollonal Dc\mlapmonl 13. Dato of Signoswne
1ot fotrh horsin dre here by agread. to ;f /
e-*‘/ . —/ {\/“\/’\A’\. ) 4 . .
. . . 7 /’1 //, / ’l- !//; ",‘ .c:
L e ond detes 5.,,,";,“‘ Joln (-unulnp, S
L. X “Tut: Chicf, Diorrm Biv., Th/P
- cPO act.vt

Cirre o Gt (/4 /557 L
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AID 1350-1X | Cogoer ntry ‘ P10/T No.
(9-701 ~Hor (L

PlO/T

Y

, Poge 2 of Pages

Project/Activity No. ond Title

The Artificial Propagation of Milkfish

SCOPE OF WORK

19. Scope of Technicol Services

A. Objective for which the Technical Services are to be Used )

B.

To learn how to breed and rear juvenile milkfish in captivity in suff1c1ent
quantlty to supply small farmer demands in LDCs at the '"farm gate''.

The major components of the proposed program by the Oceanic Foundation are to
develop effective and controlled means of producing seed fish upon which mature
fish production enterprises are based and to develop effectlve dlstrlbutlon
systems.

Descrlptlon .

The pnmary goal of the project is to develop the art1f1c1a1 propagation of the
milkfish in the shortest possible time. The goal will be attained by a direct
assault on those aspects known to be necessary to achieve that end. In addition

" to the practical production, which will be evaluated by the cost effectiveness -

of juveniles proched each year, a nunber of specific research torgets will

need to be achieved in order to supply the detailed scientific information raquired

€. Technicians

M

for direct progress toward the overall goal. (Continued)

(d) Duration
~d Basionmens

{1) (o) Number (b) Specialized Field (c) Grode ond ‘or Salory (Mon-Mont )

See Attachment B

(2) Dvty Post ond Duration of Technicions® Services :
Contractor's location in Hawaii and such other locations as the part:les agree upcn.

{3) Longuoge requirements .

English.

(4) Access 1o Clossified Informotion

None conterplated at this time. ,

BEST AVAILABLE COPY
(5). Dependents D will O will Not - Be Permitted to Accompory To.chnlclon
D, fln;ncag of ;"‘{"ni};l Services 7 . i
(1} By AID - § 250 OOO (2) By COCPCIGH:QI C—wn.ny - T




AtD 1350- 1 x“| Cooperating Country _ . PI0/T No._
(9-70) ’ ,Worldwide - ‘Page 3 of Pages
. ' '_P?ouchAc'ivuy No. and Title :
“10/T \

The Artificial Propagation of Milkfish

* 20, Equipment ond Supplies (Reloted to the services described in Block )% and to be procured outside the Cooperating Country by the suppliet
of these services)

* . - - (3) Estimored .
A. (1) Quontity  (2) Deseription ( '"'ct::e (4) Speciel Instructions

To be detailed by the contractor and TA/AGR and made a part of this PIO/T

[

B. Financing of Equipment and Supplies

(W By AID - ¢ . . (2) By Cooperating Country - '
21. Speciul Pravisions - = R e — :
m A. This PIO/T is subject™to AID (contracting) (PASA implementotion) regul otions. ~ E

Bl 8. Excep! as specifically ou!hovizcd'by AID, or when local hire is authorized under the terms of o contract with o U.S. Supplier, services
outhorized under this PIO ‘T must be obtained from U.S. sources. )
. - .

. ]

ﬁ C. Except as specificolly outhorized by AID ‘W, the purchase of commodities vuthorized under this PIO.'Y will be limited to the U.S..undu
Geogrophic Code 000. -

§ ©. Other (specifyr: SPECIAL, PROVISICIS - Prior to making any visits to 1DCs, the Contractor
will review his plans with TA/AGR. He will keep AID Missicns in countries to be visitec
fully informed of proposed visits, ask them to provide any advice they wish regarding
timing and ‘content of the visits and to participate if they desire, and will infomm: the
Missions of the outcomes of consultations. He will make his own appointments and
1~oistics arrencements directly. Upen completion of any prcject finded travel, o coly
the trip report will be provided to the TA/AR Project Monager. The report romat

wﬁll—bejescablished—joiﬁely-—by—the—Cmtmcton—and_th&.Broj cct Manager
(continued)
BEST AVAILABLE COPY
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AID 1350- 1% | Cooperating Country ) PIO/T No. »
{9-70) . Worldwide . S Poge 4 of Poges

L10/T raject, Activity No. and Title _ )
The Artificial Propagation of Milkfish

22. Reportr by Cantroctor or Participating Agency (Indicate type, content ond formot of reports required, including longuoge to be used if other

thon English, frequency or timing of reports, ond any special requirements) .
Fifty (50) copies of an.:ual reports in English will be required 45 days after the -
arniversary date of the contract. Guidelines for Preparation of the search .
Amnual Report are attached and should be an attaclment to the contract.

Seckytwund informaiion (Audiiionui im’u:mu‘l-iun useiul v Avinurized Ageni ond Frospective Sonmructurs wi Duiiscipuiing Ageocy, of -
.ecessary cross reference Block 19.C(4) cbove.)
In addition to ccordinating its plans and operations with the AID project monitor, it
is expected that contractor shall have access to research results developed under
other AID research and technical assistance contracts.

24, Relationship of Contractar or Participoting Agency to Cooperating Country and to AID

A. Relationships ond Responsibilities . e .
Contractor shall coordinate its activities and plans through the AID Project tonitor .
it is expected that contractor shall have access to research results developed under
other AID research and technical assistance contracts.

B. Cooperating Country Lioison Officiat

Activities in any country will be cleared and coordinated through the AID Mission.

:
-
.

Z. AID Lioison Officiols

-¢. leon F, Hesser, TA/AGR
Dr. Harold L. Rice, TA/AGR .

BEST AVAILABLE COPY
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AID- notrtx 17‘00)
CONTINUATION
" SHEET ~

FORM SYMBOL

PIO/T

DEPARTMENT OF STATE .
AGENCY FOR [X] vtorksheet  [J1ssvonce |PAGE 5 OF___PAGES

INTERNATIONAL DEVELOPMENT —

1. Cooperating County 2.0, Code Na.

Vorlduice

2.b. Effective Date 2.¢, Amendment
TITLE OF FORM ) [Jociginal OR No: "

Pyo|or1/Achvny No. ond Title

'I‘he Art1f1c1a1 Propagaticn of Milkfish

Indicate block
numbers.

19 B

Use this form 10 complete the information required in any block of a P10 or PA /PR form.

1. Broodstock collection and holding. A considerable nurber of
broodstock will be captured for research material , to indicate husban.i-v
requirerents for holding adults, for illustrating their food require-
ments, and for providing a 1arge gene pool for increasing the chances
of good larval survival after breeding.

(

- Difficulties have been experlenccdoy everyone working with milkfish in

obtaining large fish vhich survive - captixre and cubsequent handling.

Present practices used by the Foundation have been to handle and sarple
the gonads of young;er fish, gettm'7 them used to the technique as trey
matuxe.- - oo

Each fish on site will be murbered by year, ciass and sex, and its life
history recorded while it is in capt:Lv.Lty, particularly details of
spavning, subsequent fertility and survival and growth of its offsprin:,

Tue success of an avtificial prcpagaticn cyctem depends primerily o oine
quality and quantity of broodstock resources. Large nurbers oo sexxally
mature individuals must be contained in good health wunder accept:ble

environmental conditione in order to reproduce and yield viable offspring.

Some essential external conditions for broodstock fish recquiring ressacci:.
are suitable water quality, a nutritious diet, high standards ot hygie;:s;
and limited physical disturbance. But most irportantly the broodstock -
must be exposed to the correct envirormental parameters which influence
the physiological changes in the pituitary gland and stimulate the

gonads to seasonal raturity. :

Many experimerts with fish have used gonad development to interpret the
effects of certain environmental regulators on the reprocductive cycle.
Among the factors concerned are temperature and photoperiod which
initiate pituitary activity. The relative importance of each varies
with different specied of fish

The project will apply the ex:.btmg knowledge for maintaining captive
Mugilidae in the rost suitable environment for breeding to mainteining
captive nillkfish. It will concentrate on details of enciosure size,
population density, health, scxual d'“'eloprent behavior and enviroriont.
controls and mnlpulatlon The objective is to detail the conditions
for holding large numbers of broodstock throughout the vear, and to

" phase the spawning process to establish year-round production of fertil® :

eggs.

" BEST AVAILABLE COPY
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AO-1300-1% (7-89)

CONTINUATION

SHEET

FORM SYmMBOL

PIO/T

DEPARTMENT OF STATE
AGENCY FOR m\vov‘uhee' Dlssuoncc PAGE 6__0F PAGES

INTERNATIONAL DEVELOPMENT —

1. Coopemnng County 2.a. Code No.
Wor lcwide

2.b. EHective Dote 2.c. Amendment

TITLE OF FORM DOriginol OR No:

3. Project/Activity No, ond Title

The Artificial Propagation of Milkfish

{ndicote block

numbers,

19B

AJ0D F18V VAV 1SI8

Use this form to complete the informaticn required in any block of o PIO or PA/PR form.

2. Induced breeding techniques. The physical containment of fish and
their meintenance in captivity for high swrvival are not generally
difficulc preblems. rHllfish regally “beceme dormesticated, es testified
by centirries of pond farming., 7They grow in captivity and are tech-
nically mature, but individual ferales will rot undergo the final
stages of gametogenesis and spaym in captivity. At present these
stages need the artificial stirnulus of hormone injection to complete
the breeding cycle.

__The project will use the ‘induced breeding techniques alreacb established
for the Mugilidae and use partially purified salron gonadotropin .
SG-G100. It will SP\_ley a tcchnlque providing data on the critical
_time for injection, dose rate and fr equency, swseqt,.nt oevelopn.nt
procegmfes and behavioral reactions. An irportant objective for induced
breeding is to select a hormone which is widely available and to
standardiza its potency and establich spawning dosage against egg

mtmity.

Finally, present induced spawning techniques are applied to stimulate
the final stages of development, -

3. Egg and sperm quality. Egg and sperm quality will be judged by
microscopic gross appearances and subsequent fertility. The minirum
of histological examinations will be made to establish a sequential
record cf ezf'bryonic developrent to which all subsequent cbservations
can be related. If poor larval survival is persistent, then detailed
. but short-term studies on the biochemical carpositicn of the eggs will
be necessary in crder to establish that induced spawhing does not
influence developrent detrimentally.

Once ege and sperm quality are established, ‘it is anticipated that there
will be significant variations between individuals. Good fish will be
marked for their capacity to produce good quality gametocytes and used
individually year after ycar. An early start identifying good fish in
this way will begin a genetic aspect of the program.

4. Egg incuhation and larval survival. Envirommental controls duting
larval development have concentrated nostly on terperature, salinity,
P, oxygen end light intensity. They all influence the rate of

incubation development and/or surv:wal in some way.

However, the success of the larval rearing technique and the ncad to
becone involved in short-term experinents will be judged by the amnual
production figures from the hatchery operation and from observations
made during the process. If salinity changes are indicated then a series

(Continucd)
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DEPARAGMENCTYOFFO RTATE m Worlulwol D IS’UO“CG . PAGE 7 OF PAGES
v "
INTERNATIONAL DEVELOPMENT 1. Cooporating County 2.0, Code No.
Worldwide
2.b, Effective Date 2.c. Amendment
TITLE OF FORM DOriginal OR No:

3. Project/Activity No, and Title

PIO/T iy _
The Artificial Propagation of Milkfish
Indicote block Use this form to complete the information required in ony block of a P10 or PA/PR form. .
numbers,

19 B

21D

of short-term research experiments will be conducted to indicate the
right saline regire for optimizing producticn. Similarly- short-term
experiments may be conducted for light intensity, water quality, food
density and food regires.

For exarple, it may bte necessary to work on the changes in body fluids
in varying salinities to establish the time at which the larvae can be
exposed to lower salinities. The work will be performed in replicate

aquaria and in an existing density colum.

" 5. Hatchery distribution.  Mass propagaticn is ineffective without

satisfactory means to distribute the juveniles safely to the farms and
the farmers requiring them.

Handling' operaticons for young fich can be detrimental to their survival.
Mishardling and overcrowding, thoreby draining oxveen from the vater
usecC for transport, rapidly reduce their mazbers. The rinal projecrt

_for the mass propagation goal will be to st the best rethods of

transportation.for the juveniles,

2. It is TA/AGR's understanding that work cn rullet, well advanced at
the Oceanic Foundation, will be ccntinued on fimds other thon this
project. It is considered essential to the success of this project that
the mullet work be continued and should it not, AID should be notified
prior to its termination.

3. Reviews will be at 18 months and egain at 32 nonths. The outcore
of the 18 months review will deterndine program directicn in the third

ear and_the outcome of the 32 months review will determine yhether, F‘me
S neea IOor dudliluudals Tescalwi: 11 the IOUrtn ana fifth years A MR

so, the funding level for the fourth and fifth years. =

4. During the life of this project no research, design, nor constructicn
of pens or enclosures for commercial fish production will be carried out.

- BEST AVAILABLE COPY
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January 20, 1972

GUIDELINES FOR PREPARATION
OF THE

RESEARCH ANNUAL REPORT

The attached guidelines suggest the

format and the dctall for annual research
“reports that are required in all research

contracts. The 1esearch contractor will sub-

mit thirty-five (opies of the report with
appendices to the A.I.D. Project Manager.

The A.1.D. Project Manager will submit two

copies to TA/RUR and two copics to the A.l.D.

Reference Center.

The outline should prove useful to the
contractor in preparing the report, and
provide an improved basis for annual project
reviews. The contractor is encouraged to
develop a self-contained report as outlined
below in approximately fifteen double-spaced
pages. Additional material may b.: annexed
as necessary for a comprehensive report.

. The fifteen page report is iutend:d to
provide a bareboies statcment of the effcec-
tiveness of research resources and methods
in producing rescarch results according to
annual work plans, and the significance of
these research results for the solution of
the problem being addressed. Anncxed material
is escential for a critical review of asser-
tions regarcing findings, significance, etc.

SEST AVAILABLE COFvV
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REPORT SUMMARY 1/

‘A. 1. Project Title and Contract Number:

2. Principal Investigator, Contractor and Mailing Address:

3. Contract Period (as amended): 2/ from:- to

4, Period covered by Report: ftrom to

5. Total A.I.D. funding of contract to date: R -
6. Total expenditures and obligations through previous contract year: 3/
7. Total expeﬁditures and obligations for current year: 3/

8. Estimated expenditures for next contract year:

‘B. Narrative Summary of Accomplishments and Utilization

(In this space provide a concise
statement of the principal accomplishments
during (1) the period of the report and

. (2) life of the project in relation to
research objectives and actual or potential
operational significunce.

This information doe: not substitute for

a full discussion of'the same points
required in the body of the Annual Kesearch
Report as outlined below.)

BEST AVAILABLE COPY
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Identify significant problems or accomplishmeuts in the progress
of the project related to the volume, etfectiveness, or scheduling
of the manpower, equipment, travel, ctc., made available by these
expenditures.

Discuss significant changes or modifications in project manage-
ment, in the staffing pattern, physical facilitics, institutional

environment, etc.

Work Plan and Budeuet Forvcast for Coming Year

Taking into consideration the past year's progress and cxpendi-
tures and the work remaining to be done over the !itfe of the project,
present a work plan and budget tor the coming year.

1. anticipared accomplishments for the coming year.

2. procedures to be used and activities to be carried
_ out,
.,
3. significant factors that you anticipate that will
promote or impede accomplishments.

4. a pian for dissemiration and utilization of the
expected results of the research in the U.S. and in
LDCs as applicable.

5. a budget statement that shows plauned expenditures
for cach of the major Inputs (pcrsonnel, equipment,
travel, LLC involvement, etc.) acnording to the
major accurpli:hments, or work t.arvets that are
planned for the coning year's worx.

AQEendices

Reports of technical data and analyses (Par. D. 2)

A bibliographic list with abstracts of papers and publications
“(Par. E. 1)

A list of uses made of research findings and reports (Par. E. 1)

Other appendices as appropriate.

BEST AVAILABLE COFY




1/

"Report Summary': Statistical Information (Item A) and the
Narrative Summary of Accomplishments (Item B) should be
reported on a siungle page. This page will be for general
public use as well as project management purposes, and
should be written for a general rather than a technical,
audience. :

Item 3 - Contract Period (as amended): Report thc original
date of the contract and closing date as prescribed by the
contract or any amendment thereto.

Items A 6-8: These items refer to expenditures including
firm obligations by the contractor. Obligations are the -

contractor's legal but unpaid commitments, i.e., subcontracts,

purchase orders, etc.; and other related accruals through
the end of the reporting period. A '"contract year" i{s one
between anniversary dates of the contracc.

T T




A.

B.

C.

ANNUAL RESEARCH REPORT-

General Backeround

Prepare a concise statement that provides the background :
and rationale that led to the infitiation ot the project. This
summary should state the nature and importance of the problem
to which the research is addressed, and the rationale that

links the research activity to the problem.

Statement of Project Objectives as Stated in the Contract

The purpose of this section is to record in a precise and
concise way the objectives of the research project. The objec-
tives as stated in the contract may have been interpreted,
expanded or further defined in other documents and mutually
agreed to by A.I.D. and the contractor. This section should
reflect the contractual objectives as modified by these .
supplemuntary understandings.

Continued Relevance of Objectives

Does iour reseaarch to date, or other circumstances, indicate
a need for modification of project objectives as stated in the
contract? 1If so, in what respects?

- Accomplishments to Date

1, Findings: Provide a statement of the principal and
significant findings and other accomplishments for the reporting
period as thay relate to th: anticipated results in the vear's
work plan. (Sce material for the year similar to that requested
in G.1l. below for the coming year.)

Discuss the operational significance of the findings of the
current year's research for attainment of project objectives as
stated in Sectior B above. The discussion should include refer-
ence to existing knowledge, recent research findings by others,
and cumulative {indings and accomplishments of this project.

Also discuss side effects of the work, positive or negative.
For example, do the findings to date suggest unexpected complications
for the application of findings; do they suggest the need for more
direct approaches to the problem than were originally anticipated;
or 1s the research developing information and insights not expected -
in the scope of the work?

2, lInterpretation of Data and Supporting Evidence:

Summarize briefly the evidence and analysis that
support the findiugs cited above. To permit a critical analysis ol
tht cvidence and analysis, expand as neccs;ary in an appendix to

each copy ot the report.

CEST AVAILABLE COPY
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J. 'Rescarch Design: State briefly any significant modilications
made in the research design prior to the current reporting period.

Arc the present techniques, instruments or mode of i)quiry
appropriate and/or optimsl for the study design? In view of the
findings of the past year or your experience with the research
measures employcd, do you rcecommend modifying (1) the research
design or (2) research techniques? Tor example, have there becen
special problums of data availubil!ty, saapling, data processirng,
or ineffective technicques? Huve research findings revealed
technical relationshiyps that suggest a continuation of present
methods or do they suggest a uew approach?

Disscmination and Utilization of Research Results

le Briefly decscribe cfforts wmade under the contract to disseminate
the results of the research project. Attach as appendices two lists:
(1) a bibliographic list and an abstract not exceeding 200 words ot
papers and publications developed under the contract and (2) a

list of short statements that identify each known use of materials
produced by the project for seminars, conferences, translatisns, or
as background material for speeches, policy statements, etc.

2. Cite evidence and cases known to you that findings of the
research project are being used in LDCs, the U.S., or both, in
training, direct application to the problem, etc. ’

3. Has the experience of the past year suggested new or more
eifective ways to expand the use of research results? 1f so,
discuss the experience and as appropriate¢ include proposed steps
in the work plan (Item G below). Indicate whether your proposals
can be carried out under current provisions of the contract, or
would require new contract arrangements by A.I.D.

BEST AVAILABLE COFY

4. Discuss the extent and nature of considerations to involve LDC
personnel and/or institutions as an appropriate activity of the
project. If judged appropriate, discuss the kind and extent of LDC
involvement in (a) planning the project, (b) the execution of the
field work, (c) the analysis and reporting of results. Plans to
involve LDCs in the future should be reflected in the work plan in
}tem G (4) below. . . :

S. Under separate cover forward four copies of publications, seminar
reports, translations and other materials representing efforts Lo
disseminate results of the research project, and cvidence of the
results being utilized by LDC or U.S. people or {nstitutions.

Statement of Expenditurcs and Obligations and Contractor Resources

Provide a statement of cxpenditures and obligations related to
the budget plan for the year. This statement should show expenditure
and oblipations rfor each of the (l) major tnputs (Personnel, equipmunc.
travel, etc.) according to (2) the major accomplishments or work
tarpets that had been planned for the year's work.

A
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Identify significant problems or accomplishments in the progress
of the project related to the volume, cffectiveness, or scheduling
of the manpower, equipment, travel, etc., made available by these
expenditursas,

Discuss significant changes or modifications in project manage-
ment, in the staffing pattern, physical facilities, institutional

environment, etc.

G. Work Plan and Budvet Forecast for Coming: Year

Taking into consideration the past year's progress and expendi-
tures and the work remaining to be done over the life of the project,
present a work plan and budget for the coming year.

1. anticipated abcompkishments‘for‘bhefcnming:yaar.

2. procedures to be used and activities to be carried
out.

3. significant factors that you anticipate that will
promote or impede accomplishments,

4, 'a plan for dissemination and utilization of the
expected results of the research in the UsS. and in
LDCs as applicable.

5. @a budget statement that shows planned expenditures
for each of the major inputs (personnel, equipment,
travel, LDC involvecment, etc.) according to the
major accomplishments, or work targets that are
planned for the coming year's work., ’

He Appendices

Reports of technical data and analyses (Par. D. 2)

A bibliographic list with abstracts of papers and publications
(Par. E. 1)

A list of uses made of research findings and reports (Par. E. 1)

Other appendices as appropriace. .




N , © ATTACHMENT A
GENERAL PROVISION NO. 44

COST ACCOUNTING STANDARDS

(a) Unless the Cost Accounting Standards Board has prescribed rules
or requlations exempting the Contractor or this contract from standards,
_rules, and regulations promulgated pursuent to 50 U.5.C. App. 2168

(P.L. 91-379, August 15, 1970), the Contractor, in connection with this
contract shail:

(1) By submission of a Disclosure Statement, disclose in writing
his cost accounting practices as required by regulations of the Cost
Accounting Standards Board. The required disclosures must be made
prior to contract award unless the Contracting Officer provides a written
notice to the Contractcr authorizing postaward submission in accordance
with regulations of the Cost Accounting Standards Board. The practices
disclosed for this contract shall be the same as the practices currently
disclosed and applied on all other contracts and subcontracts being per-
formed by the Contractow and which contain this Cost Accounting Standards
clause. If the Contractor has marked the Disclosure Statement to indicate
that it contains trade secrets and commercial or financial information which
is privileged and, confidential, the Disclosure Statament will be protected
and will not be released outside of the Government.

(2) Follcw consistently the cost accounting practices disclosed pur-
suant to (1), above, in accumulating and reperting contract performance
cost data concernirg this contract. If any change in disclosed practicas
made for the purposes of any contract or subcontract subject to Cost Account-
ing Standards Board requirements, the change must be applied prospectively
to this contract, and the Disclosure statement must be. amended accordingly.
If the contract price or cost allowance of this contract is affected by such

changes, adjustment shall be made in accordance with subparagraph (a)(4)
or (a)(5), below, as appropriate.

(3) Comply with all Cost Accouniing Standards in effect on the date
of award of this contract or if the Contractor has submiited cost or pricing
data, on the date of final agreement on price as shnwn on the Contractor's
signed certificate of current cost or pricing data. The Contractor shall
also comply with any Cost Accounting Standard which hereafter becomes
appl}icable to a contract or subcontract of the Contractor. Such compliance

shall be required prospectively from the date of applicahility to such
contract or subcontract.

(4) (A) Agree to an equitable adjustmen: as previded in the Changes

clause of this contract if the contract cost is affected bv a Disclosure State-

ment change which the Contractor is required to make oursuant to (3), above.
If the Contractor has not been required to file a2 Disclosure Statement but is
required pursuant to {a) (3), above, to change an estabiished practice, then
an equitable adjustment shall similarly be agreed to. - :

A0 1420-86(9-72) REST AVAILABLE COPY
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(B) Negotiate with the Contracting Officer to determine the terms
and conditions under which any Disclosure Statement chanae other than
changes under (4) (A), above, may ba made. A change to a Disclosure State-
ment may be proposed by eithar the Government or the Contractor, provided,
however, that no agreement may be made under this provision that will
increase costs paid by the United States under this contract.

(5) Agree to an adjustment of the contract price or cost allowance,
as appropriate, if he or a subcontractor fails to comply with an applicable
Cost Accounting Standard or io follow any practice disclosed pursuant to
subparagraphs (a) (1) and (a) (2), above, and such failure results in any
increased costs paid by the United States. Such adjustment shall provide
for recovery of the increased costs to the United States together with inter-
est thereon computed at the rate determined by the Secretary of the
Treasury pursuant to P.L. 92-41, 85 Stat. 97, or 7 percent per annum,
whichever is less, from the time the payment by the United States was
made to the time the adjustment is effecied.

(b) If the parties fail to agree whether the Contractor or subcontractor
has complied with an applicable Cost Accounting Standard, rule, or regu-
lation of the Cost Accounting Standards Board and as to any cost adjustment
demanded by the United States, such failure *o agree shall be a dispute con-

cerning a question of fact within the meaning of the Disputes clause of this
contract.

(c) The Contractor snall permit any authorized representatives of the
head of the agency, the Cost Accounting Standards Board, or the Comp-
troller General of the United States to examine and make copies of any

documents, papers, or records relating to compliance with the require-
menis of this clause.

(d) The Contractor shall include in all negotiated subcontracts which
he enters intc the substance of this clause excepnt paragraph (b), and shall
require such inclusion in all other subcontracts of any tier, except that

this requirement shall apply only to negotiated subcontracts in excess of
. $100.000 where the price negotiated is not based on:

. (1) Established catalog or market prices of commercial items sold
in substantial quantities to the general public; or

(i1) Prices set by law or regulation.

NO!E: .

1. Subcontractors shall be required to submit their Disclosure State-
ments to the Contractor. However, if a subcontractor has previously
submitted his Disclosure Statement to a Government Contracting Officer
he may satisfy that requirement by certifying to the Contractor the date
of such Statement and the address of the Contracting Officer.
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2. In any case where a subcontractor determines that the Disclosure
'gfatement information is privileged and confidential and declines to pro-
vide it to nis Contractor or higher tier subcontractor, the Contractor may
authorize direct submission of that subcontractor's Disclosure Statement
to the same Government offices to which the Contractor was required o
make submission of his Disclosure Statement. Such authorization shall in
no way relieve the Contractor of liability as provided in paragraph (a) (5) of
this clause. In view of the foregoing and since the contract may be subject
to adjustment under this clause by reason of any failure to comply with
rules, regulations, and Standards of the Cost Accounting Standards Board
in connection with covered subcontracts, it is expected that the Contractor
may wish to include a ciause in each such subcontract requiring the sub-
contractor to appropriately indemnify the Contractor. However, the inclu-
sion of such a clause and the terms thereof are matters for negotiation
and agreement between the Contractor and the subcontractor, provided
that they do not conflict with the duties of the Contractor under its con-
tract with the Government. It is also expected that any subcontractor
subject to such indemnification will generally require substantially
similiar indemnification to be submitted by his subcontractors.

~ (e) The terms defined in Sec. 331.2 of Part 331 of Title 4, Code of

Federal Regulations (4 CFR 331.2) shall have the same meanings herein.

As there defined, "negotiated subcontract" means "any subcontract
except a firm fixed-price suobcontract made by a Contractor or subcon-
tractor after receiving offers from at least two firms not associated
with each other or such Contractor or subcontractor, providing (1) the
solicitation to all ccrpeting firms is identical, (2) price is the only
consideration in selecting the subcontractor from among the competing
firms solicited, and (3) the lTowest offer received in compliance with
the solicitation from among those solicitad is accepted."

(End of Ciause)
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