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SUBJECT: M i l k f i s h  P r o j e c t  I s s u e s  
I . , 

I 

We have j u s t  r e c e i v e d  and reviewed t h e  second d r a f t  o f  t h e  proposed 
r e s e a r c h  p r o j e c t  t i t l e d ,  "Research and Implencn ta t ion  o f  M i l k f i s h  
Propagation".  We. n o t e  t h e  e x t e n s i v e  m o d i f i c a t i o n s  t h a t  h ~ v e  been made - a s  a  r e s u l t  o f  o u r  r ev iew o f  t h e  f i r s t  p r o p o s a l  and our  mee t ings  con- 

c e r n i n g  i s s u e s  r a i s e d  a t  t h a t  time. W e  f i n d  t h i s  p r o p o s a l  t o  be  
s a t i s f a c t o r y  i n  terms of  methodology and t h e  program t o  b e  undertaken.  

; . There r e r a i n s ,  however, a  couple  of i s s u e s  brough: up by t h e  l a t e s t  
p r o j e c t  review (18 March 1977) t h a t  should  be  addressed  b e f o r e  t h e  
p r o p o s a l  i s  s e n t  t o  R&DC and RAC: 

1. More d e t a i l s  concerning t h e  coopera t ion  bet-..reen t h e  Oceanic 
I n s t i t u t e  and o t h e r  f o r e i g n  and domest ic  f i s h  c u l t u r i n g  p rograos  
should  be  c l a r i f i e d  and d e t a i l e d  i n  o r d e r  t o  avo id  dup1ica:ion o f  
r e s e a r c h -  a c t i v i t y ,  

2. The spawning of m i l k f i s h  i s  t h e  p r o j e c t f  s n u d e r  one p r i o r i t y  
and t h a t  o t h e r  a s p e c t s  o f  t h e  p r o j e c t  (i. e. r a c e  de te rmina t ion ,  
t r a c k i n g ,  e s t a b l i s h i n g  c ryogen ic  u n i t s ,  e t c .  ) should  n o t  c o n t i n u e  
u n t i l  t h e  number one p r i o r i t y  i s  achieved.  

3. The c o n f i r m a t i o n  of  s e v e r a l  geograph ica l  r a c e s  o f  m i l k f t s h  
cou ld  p o s s i b l y  i n t e r f e r e  w i t h  t h e  po t e n t i a  1 technclogy t r a c s f e r  
t o  t h e  LDC1 s. 
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UNITED STATES GOVERNMENT 

Memorandum 
TO TA/RES, M r .  Mi los lav  Rechcigl  DATE: A p r i l  25, 1977 

SUBJECT:   ilk fish P r o j e c t  I s s u e s  

I n  response  t o  your memo of A p r i l  22, 1977 I would 
l i k e  t o  add re s s  each o f  t h e  t h r e e  i s s u e s  r a i s e d .  

1. I b e l i e v e  d e t a i l s  concerning coopera t ion  wi th  
o t h e r  f i s h  c u l t u r i n g  programs a r e  de sc r ibed  ade- 
q u a t e l y  on pages 12 ,  1 9  and 20 o f  t h e  P r o j e c t  Paper ;  
however, a d d i t i o n a l  in format ion  fo l l ows :  

I n  t h e  a r e a  of m i l k f i s h  r ep roduc t i on  only  two 
o t h e r  i n s t i t u t i o n s  have s i g n i f i c a n t  a c t i v i t i e s .  
SEAFDEC i n  The P h i l i p p i n e s  is  conduct ing surveys  
of spawning grounds,  t agg ing  and s t u d i e s  o f  
hand l ing  and ho ld ing  procedures ,  a l l  c l o s e l y  
coord ina ted  wi th  t he  Oceanic I n s t i t u t e 1  s work. 
Th i s  coope ra t i on  w i l l  be t h e  b a s i s  of t h e  ex- 
panded 0 .  I. a c t i v i t y  i n  The P h i l i p p i n e s .  The 
Tungkong F i s h e r i e s  Research s t a t i o n  i n  Taiwan - 
is working wi th  the a r t i f i c i a l  p ropaga t ion  of  - - 
m i l k f i s h  Fn c l o s e  coopera t ion  wi th  0 .1 .  I n  
both  c a s e s  0 .1 .  i s  c l e a r l y  i n  t h e  l e a d e r s h i p  
p o s i t i o n  w i t h  m i l k f i s h  as i t  has  been w i t h  
mu l l e t  f o r  s e v e r a l  y e a r s .  

Informat ion is be ing  exchanged w i t h  o t h e r  groups 
mentioned on p .  12 i n  The P h i l i p p i n e s ,  Hawaii,  
I n d i a ,  Indones ia ,  Tha i land  and Japan.  

The 0. I .  f r e e l y  pub l i shes  i t s  r e s e a r c h  f i n d i n g s  
and communicates w i th  r e s e a r c h  groups around t h e  
world which a r e  involved wi th  f i s h  r ep roduc t i on .  
The f a c i l i t i e s  a r e  open t o  v i s i t o r s  and nany 
o p p o r t u n i t i e s  f o r  i n fo rma t ion  exchange a r e  pur- 
sued wi th  t h e  numerous s c i e n t i f i c  v i s i t o r s  
a t t r a c t e d  t o  t he  0 .1 .  by t h e i r  ou t s t and ing  
r e s e a r c h  c o n t r i b u t i o n s .  0 .  I .  s t a f f  members 
a t t e n d  and participate i n  s c i e n t i f i c  meetings 
i n  t h e  f i s h e r i e s  f i e l d .  



There i s  l i t t l e  problem of d u ~ l i c a t i o n  of r e sea rch  
a c t i v i t y  because of  the  small number of  r e sea rch  
e f f o r t s  d i r e c t e d  toward ni i lkf ish  reproduc t ion  and 
the. c l o s e  con tac t  between 0 .1 .  and those  e f f o r t s .  

2.  I d i s a g r e e  wi th  t h e  i n t e r p r e t a t i o n  of t h e  p r o j e c t  
as i n d i c a t e d  by your i s s u e  number 2 .  The spawning 

. of m i l k f i s h  i s  number one_ p r i o r i t y  and is t r e a t e d  
as such i n  t h e  r e sea rch  p lan .  The o t h e r  a c t i v i t i e s  a r e  
be ing  cont inued a s  necessary p a r t s  of t h e  t o t a l  pro- 
gr.am because they a r e  s u ~ u o r t i v e  of t h e  spawning work. 
For example, t h e  t i o n  work has  a l r eady  .& d*Ck 
l e d  t o  informat ion t h a t  t h e r e  a r e  apparen t ly  d i f f e r e n t  
r a c e s  wi th  d i f f e r e n t  reproduc t ive  c y c l e s .  One r a c e  
matures a t  4 yea r s  o f  age r a t h e r  than  a t  5 o r  6 y e a r s .  
Some of t h e s e  c y c l e s  w i l l  be e a s i e r  t o  d u p l i c a t e  o r  
induce i n  c a p t i v i t y  than o t h e r s .  Continued s t u d i e s  
should l e a d  t o  i d e n t i f i c a t i o n  of t h e  "bes t"  r a c e  f o r  
use  as a domesticated mi lk f i sh .  

The t r a c k i n g  work is  c o n t r i b u t i n g  t o  our knowledge of 
r a c i a l  d i f f e r e c c e s ,  of spawning behavior  and of en- 

& 
vironmental  requirements  f o r  spawning and matura t ion .  
These d a t a  a r e  d i r e c t l y  suppor t ive  of s t u d i e s  of ** & 
hold ing  methods f o r  maturing a d u l t s  (an  e s s e n t i a l  
p a r t  of domes t ica t ion)  and o f  environmental ly  con- 
t r o l l e d  spawning. . 
The cryogenic  s t o r a g e  of sperm w i l l  enable  s c i e n t i s t s  we 
t o  f e r t i l i z e  eggs spawned "out  of seasonl1 exper i -  
mental ly  when r i p e  males a r e  no t  a v a i l a b l e .  The 
f i n a l  t e s t  of egg v i a b i l i t y  i s  normal development of  
t h e  zygote .  This  r e sea rch  w i l l  enab le  more f r equen t  
eva luz t ion  of maturat ion and spawning procedures wi th  
females.  

To d e f e r  work on t h e s e  a s p e c t s  of  t h e  problem u n t i l  
a f t e r  succes s fu l  spawning has  been achieved would 
only de l ay  progress  toward u l t ima te  o b j e c t i v e s .  
Research t o  ggin a bet ' ter  unders tanding i n  t h e s e  
a r e a s  ought t o  proceed p a f i  passu s o  t h a t  t h e  whole / 
range of s c i e n t i f i c  and t e c h n i c a l  problems can be 
reso lved  a s  e a r l y  a s  p o s s i b l e  and thus  avoid t h e  
de lay  i n  developing a comprehensive system, which 
can gene ra t e  a r e l i a b l e  flow of m i l k f i s h  f r y .  

BESTAVAILABLE COPY 



I n  summary I b e l i e v e  a w e l l  rounded,  b u t  p r o p e r l y  
p r o p o r t i o n e d  r e s e a r c h  approach t o  t h i s  p a r t i c u l a r  
problem i s  b e t t e r  t h a n  a narrow s i n g l e - c h a n n e l l e d  
approach.  

3. The s t u d y  o f  m i l k f i s h  r a c e s  i s  i m p o r t a n t  f o r  
j u s t  t h i s  r e a s o n !  We must have  a b e t t e r  under- 
s t a n d i n g  o f  t h e  d i f f e r e n c e s  between r a c e s .  A l -  
though i t  i s  l i k e l y  t h a t  a hormonal approach t o  
spawning would b e  a p p l i c a b l e  t o  a l l  r a c e s ,  it  is  
p o s s i b l e  t h a t  an envi ronmenta l  approach which works 
w i t h  a r a c e  d o m e s t i c a t e d  i n  H a w a i i  would n o t  work 
i n  t h e  P h i l i p p i n e s  w i t h  a n o t h e r  r a c e .  O f  c o u r s e .  
t h e  r a c e  d o m e s t i c a t e d  first  may be  t h e  s t a n d a r d  
m i l k f i s h  b r e e d u s e d  worldwide by f i s h  f a r m e r s .  

We do n o t  b e l i e v e  t h e s e  i s s u e s  r e q u i r e  f u r - t h e r  r e -  
s o l u t i o n  p r i o r  t o  submiss ion  o f  t h e  p r o j e c t  t o  
R&DC, and u r g e  an e a r l y  submiss ion  o f  t h e  p r o p o s a l  
f o r  f u r t h e r  r ev iew s o  t h a t  any r e v i s i o n s  deemed 
n e c e s s a r y  can b e  made p r i o r  t o  RAC review.  

Attachment:  a /s  



R E S E A R C H  P R O J E C T  P A P E R  

A p r i l  11, 1977 

A.  PROJECT SUMMARY 

1. Bas ic  I d e n t i f i c a t i o n  and F i s c a l  Data  

P r o j e c t  T i t l e :  RESEARCH AND IMPLEMENTATION OF MILKFISH 
PROPAGATION 

New o r  Ex tens ion :  Ex tens ion  

C o n t r a c t o r  and Address:  Oceanic I n s t i t u t e  
Waimanalo, Hawaii 96795 

P r i n c i p a l  I n v e s t i g a t o r :  Co l in  E. Nash, Ph.D. 

Dura t ion :  C u r r e n t l y  Author ized :  J a n u a r y  1 3 ,  1975 - 
January  12., 1978 

Ex tens ion :  J a n u a r y  1 3 ,  1978 - J a n u a r y  1 2 ,  1980. 
I 

T o t a l  Es t ima ted  Cos t :  $1 ,440 ,409  
Cumulative O b l i g a t i o n  Through C u r r e n t  Year: $528,369 
C u r r e n t  Year: $248,532 
FY 1 ( 4 )  $463,097 
FY 2 (5) $448,943 

A . I . D .  P r o j e c t  Manager arld Sponsor ing  O f f i c e :  TA/AGR(Fisheries) 
P.M.. Roedel  

2 .  A b s t r a c t  

F i s h  a r e  t r a d i t i o n a l l y  t h e  major  source  o f  animal p r o t e i n  
f o r  t h e  peop les  o f  S o u t h e a s t  A s i a  and o t h e r  L D C f s .  F i s h  f a r m e r s  
r e l y  on t h e  n a t u r a l  annual  p r o d u c t i o n  of  j u v e n i l e s  wnich each 
y e a r  d e c r e a s e s .  A r t i f i c i a l  b r e e d i n g  of c e r t a i n  b r a c k i s h w a t e r  
f i s h ,  p a r t i c u l a r l y  m i i k f i s h  and m u l l e t ,  and p r o p a g a t i o n  of f r y  
i n  h a t c h e r i e s  a r e  v i t a l  f o r  t h e  f u t u r e  s u p p l i e s  of s e e d s t o c k  
f o r  t h e  f a r m e r s .  

Suppor t  f o r  f i s h e r i e s  p r o j e c t s  i n  t h e  L D C f s  by t h e  i n t e r n a t i o n a l  
development a g e n c i e s  h a s  r e c e n t l y  been renewed wi th  t h e  emphasis 
on a s t r o n g  t e c h n i c a l  b a s e  implementing "packaged t e c h n o l o g y u .  



\ 

T h i s  p r o j e c t  conce rns  t h e  development  of b r e e d i n g  t e c h n i q u e s  
f o r  t h e  m i l k f i s h :  p r o d u c t i o n  o f  f r y ,  d e s i g n  of  h a t c h e r i e s  and 
h a t c h e r y  t echno logy ,  and p r o d u c t i o n  i n  t h e  f i e l d .  Techn ica l  
b a r r i e r s  a r e  b e i n g  p o s i t i v e l y  a t t a c k e d  by c o n c e n t r a t i n g  on key 
r e s e a r c h  a r e a s  ; f o r  example, r e p r o d u c t i v e  phys io logy ,  p a t h o l o g y ,  
b e h a v i o r ,  and n u t r i t i o n .  T e c h n i c a l  development is b e i n g  conducted  
i n  H a w a i i ,  w i t h  f i e l d  a p p l i c a t i o n  i n t e n d e d  f i r s t  f o r  t h e  P h i l i p p i n e s .  

T h i s  p r o j e c t  p a p e r  is based  on 'a p r o p o s a l  developed by t h e  
Oceanic I n s t i t u t e ,  rev iewed and modi f i ed  by TAB and j o i n t l y  
developed t o  i t s  p r e s e n t  form. 



1. General Backgrolmd and Rationale 

a. Backgro~md Informtion 

. 
Fisheries a r e  one of the few food-producing industries whose growth 

rate has kept ahead of the rate of population increase since World War 11. In 
order  to  maintaia present per  capita consump tion, however, fish production will 
have to reach 107 million tons annually by 1985. If consumption increases a r e  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 v:orldwide. However, while in "high-calorie coun- 
triesw it constitutes 6.7 percent of animal protein supplies, in fflow-calorie 
countriesf1 (i. e. , the LDC 's) i t  supplies 2 lpercen t .  In par ts  of Southeast Asia, 
fish constitute a major source of animal protein in the diets of many people-- 
50 percent o r  more in rcost countries of the area--whereas in other parts of the 
world, such a s  the Balkans, Central America, the Near East,' and landlocked 
couxtries such as Bolivia, Paraguay, Hepal, Afganistan and most of the Saheliai 
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 unho~vn,  
but in none a r e  there insuperzble, long-term barr iers  to its development. 

Total world fish production in 1974 was 69.8 million metric tons (rnmt), an 
increase of over 350 percent s i nce  1948. Inland waters supplied 9.5 mmt, o r  
nearly 14 percent 01 the world harvest. About 63.7 percent of total production 
,was used directly for human food, and 36.3 percent was converted illto fishmenl, 
oil o r  for uses such a s  fish flour, margarine, cooking fats, industrial uses, and 
livestock and poultry feed. 

Tlie world's largest fish producers in 1974 were: (1) Japan 10.773 mmt, 
(2) Russia 9.235 mmt, (3) China (mainland) G. 880 mmt, (4) Per11 4.149 mmt, 
(5) USA 2.743 mmt, and (6) Xonvay 2.644 mmt. Seven developing countries a re  
among the top 14 nations; they are: (1) India 2.255 rnmt, (2) Korea (north and 
south) 2.240 mmt, (3) Thailmd 1.626 mrnt, (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 proteiu. The protein content of fish is comparable to that of 
beef, pork, and lamb, m.d i t  is an excellent source of calcium. But most impor- 
tantly, fish production has an unmatchable feed-conversion ratio. In steers,  



1,000 grams of f e e d  produce a weight  g a i n  o f  163  grams; t h e  r a t e s  
of g a i n  w i t h  ch icken  f l e s h  a r e  s u b s t a n t i a l l y  b e t t e r .  B U ~  w i t h  
t i l a p i a ,  c a t f i s h ,  and p robab ly  many unexplored  t y p e s  of  f i s h ,  
t h e  weight  g a i n  approaches  1 , 0 0 0  grams - - i . e . ,  a 1:l r a t i o  of 
f l e s h  t o  f e e d .  

Long-range demand o u t l o o k  f o r  f i s h  is  d i f f i c u l t  t o  p r e d i c t .  
P r e s e n t  consumption p a t t e r n s  a r e  h i g h l y  c o u n t r y  and c u l t u r e  s p e c i f i c  
w i t h  an i m p o r t a n t  f a c t o r  b e i n g  h i s t o r i c  a v a i l a b i l i t y  o f  s u p p l i e s .  
Exper ience  i s  t o o  l i i n i t e d  f o r  c o n c l u s i o n s  on t h e  degree  o f  
a c c e p t a b i l i t y  o f  f i s h  i n  p r e v i o u s l y  n o n - f i s h - e a t i n g  s o c i e t i e s  
b u t  does s u g g e s t  a f f i r m a t i v e  r e s p o n s e s .  The demand o u t l o o k  i s  
encourag ing .  Income e l a s t i c i t i e s  o f  demand f o r  l i v e s t o c k  
p r o d u c t s  i n  L D C 1 s  a r e  h i g h .  With i n c r e a s e s  i n  t h e  p r i c e  of 
c o n v e n t i o n a l  l i v e s t o c k  p r o d u c t s ,  h i g h - q u a l i t y  p r o t e i n  s o u r c e s  
s u c h  as f i s h  become more a t t r a c t i v e  - - p a r t i c u l a r l y  among 
low-income consumers.  Furthermore per c a p i t a  f i s h  s u p p l i e s  
from c o n v e n t i o n a l  c a p t u r e  s o u r c e s  may be expected  t o  d e c r e a s e  
arid t h e i r  r e l a t i v e  p r o d u c t i o n  c o s t s  t o  i n c r e a s e .  

F i n a l l y ,  a t  t h e  o p p o s i t e  extreme from most forms of  l i v e s t o c k  
p r o d u c t i o n ,  f i sh - fa rming  sys tems can  be h i g h l y  s u p p o r t i v e  of 
e c o l o g i c a l  v a l u e s ,  v i a  t h r e e  r e l a t i o n s h i p s :  

1. I n c r e a s i n g l y ,  f i s h  p r o d u c t i o n  sys tems a r e ' b e i n g  b u i l t  on 
was te  m a t e r i a l s  as pr imary  f e e d  s o u r c e s ,  r a n g i n g  from t h e  normal 

1 o r g a n i c  r e s i d u e s  i n  contaminated  streams t o  animal ( i n c l u d i n g  
f i s h )  excrements ,  and o t h e r  o r g a n i c  byproducts  . Converse ly  
such was tes  from o t h e r  animals  a r e  a p r i n c i p a l  s o u r c e  o f  
env i ronmenta l  con tamina t ion .  

2 .  Pond f i s h  p r o d u c t i o n  i s  a concomitant  o f  good s u r f a c e  
w a t e r  management des igned  f o r  e r o s i o n  c o n t r o l  and o t h e r  conse r -  
v a t i o n  purposes .  

3. By i n c r e a s i n g  animal  p r o t e i n  p r o d u c t i o n  on a h i g h l y  
l a n d - i n t e n s i v e  b a s i s ,  a q u a c u l t u r e  can  remove p r e s s u r e  of  over-  
g r a z i n g  by l a n d  a n i m a l s ,  a most d i r e c t  s o u r c e  of e c o l o g i c a l  
d e s t r u c t i o n  i n  most L D C ' s .  

b.  P r o j e c t  Ex tens ion  

The program o b j e c t i v e  is  t o  b reed  t h e  m i l k f i s h ,  Chanos 
chanos ,  i n  c a p t i v i t y  and t o  r a i s e  t h e  f r y  from t h e  egg,  under-  
t a k i n g  any r e s e a r c h  and development which may be  n e c e s s a r y  t o  
a t t a i n  t h a t  g o a l .  During t h e  2-year l i f e  of t h i s  program 
p r o g r e s s  h a s  been made. i n  a number of impor tan t  a r e a s .  T h i s  
p r o g r e s s  i n  t h e  c r i t i c a l  a r e a s  of  c a p t u r i n g  a d u l t &  matur ing  
a d u l t s ,  l i v e  f i s h ,  and h a s  b rough t  
t h e  s t a t e  o f  t h e  a r t  t o  a p o i n t  where achievement  of t h e  program 
g o a l  is a r e a l i s t i c  p r o b a b i l i t y .  P r o g r e s s  t o  d a t e  is o u t l i n e d  
i n  t h e  f o l l o w i n g  p a r a g r a p h s .  



Procedures  f o r  c a p t u r i n g  and h a n d l i n g  t h e  f r a g i l e  wile 
b r e e d i n g  f i s h  have been improved. E v i d e n c e  s u g g e s t s  t h e  need 
t o  minimize h a n d l i n g ,  t o  u s e  f i s h  w i t h  o o c y t e s  o f  0 . 7  mm 
d i a m e t e r  o r  above,  and t o  i n j e c t  once immedia te ly  upon cap- 
t u r e .  Exper ience  s u g g e s t s  low-level  i n j e c t i o n s  a r e  p e r f e r a b l e J  
p o s s i b l y  fo l lowed by a r t i f i c i a l  s t r i p p i n g ;  however, c o n t r o l  o f  
s t r e s s  i s  essent iz .1 .  

Work. on h e a l t h  c a r e  and husbandry c o n t i n u e s  t o  b e  p r o d u c t i v e .  
The h a n d l i n g  t e c h n i q u e s  developed t o  r educe  s t r e s s  have been 
b e n e f i c i a l .  I n  a d d i t i o n  t o  p r e v i o u s  i n f o r m a t i o n  on t h e  s t r e s s  
o f  t h e  a d u l t  f i s h  d u r i n g  c a p t u r e ,  a u t o p s i e s  have  r e v e a l e d  i n -  
c i d e n c e s  o f  b lood c l o t s .  Wild f i s h  have a l s o  shown e v i d e n c e  of  
g a s t r i t i s ,  p a r t i c u l a r l y  when t a k e n  from t h e  h e a v i l y  p o l l u t e d  
c o a s t a l  a r e a s .  

S i g n i f i c a n t  e x p e r i e n c e  h a s  been ga ined  i n  p r o c e d u r e s  f o r  
h o l d i n g  exper imen ta l  p o p u l a t i o n s  f o r  m a t u r a t i o n  a d  s p a w n i ~ g  
exper imen t s .  The r e s i d e n t  p o p u l a t i o n  of f i s h  on s i t e  numbers 
50  a d u l t  f i s h , . . 6 5  s u b a d u l t  f i s h ,  and about  100 0-group j u v e n i l e s .  
Over 89 a d u l t  f i s h  were caugh t  d u r i n g  t h e  second y e a 9  b u t  l o s s e s  were 
s u s t a i n e d .  One e n t i r e  t a n k  of 1 2  f i s h  w a s  l o s t  by mechanica l  
a c c i d e n t  f o l l o w i n g  s torm damage; s e v e r a l  a d u l t  f i s h  were poached; 
and o t h e r s  d i e d  d u r i n g  exper imen ta l  t r e a t m e n t ,  

Cap t ive  a d u l t  f i s h  have been c o n d i t i o n e d  f o r  twe lve  months 
i n  man ipu la ted  envi ronmenta l  c o n d i t i o n s  (18L/6D) a t  25% C ,  b u t  
f a i l e d  t o  show any oocy te  development .  The d i e t  of t h e  c a p t i v e  
s t o c k  h a s  been changed f o r  one w i t h  a h i g h e r  p r o t e i n  composi t ion  
i n  an e f f o r t  t o  improve t h i s  performance.  

I n  summer of  t h e  second y e a r  o f  t h e  p r o j e c t ,  seven mature  
f i s h  were c a p t u r e d  and deemed ready  f o r  spawning inducement .  
Fol lowing t h e  r e s u l t s  o f  t h e  f i r s t  y e a r  w i t h  d o s e s  o f  salmon 
gonadotropin SG-GI00 a t  l e v e l s  similar t o  t h o s e  used f o r  t h e  
g r e y  m u l l e t ,  Mugil c e p h a l u s ,  s i x  o f  t h e  f i s h  were i n j e c t e d  
w i t h  a low pr iming  d o s e .  One w a s  d e l i b e r a t e l y  n o t  i n j e c t e d .  
Only one of t h e  i n j e c t e d  f i s h  m h y s a t e d ?  comple te ly  and 

eggs .  One f i s h  r e c e i v i n g  s e v e r s  small i n j e c t i o n s  
i e d .  The eggs of  t h e  r e s t  o f  t h e  f i s h  went a t r e t i c . ?  These - - ' p r e l i m i n a r y  t r i a l s  have p rov ided  a b a s i s  f o r  expanded experimen- 

t a t i o n  when g r e a t e r  numbers of  exper imen ta l  an ima l s  become 
a v a i l a b l e .  

Eye l e n s  p r o t e i n  a n a l y s e s  c o n t i n u e  t o  g i v e  ev idence  of  r a c i a l  
i n  m i l k f i s h  from around t h e  P a c i f i c  I s l a n d s  and t h e  

o r k  h a s  been  r e i n f o r c e d  w i t h  isozyme i d e n t i f i c a t i o n  from v a r i o u s  
t i s s u e s .  I n  a d d i t i o n  over  250 a d u l t  f i s h  have now been 
examined f o r  s t a t i s t i c a l  morphology t o  p r o v i d e  a b a s i s  f o r  
i d e n t i f i c a t i o n  of r a c e s .  

The e l e c t r o n i c  t a g  f o r  u s e  i n  t r a c k i n g  a d u l t  f i s h  h a s  been 
developed and t e s t e d ,  i s  now b e i n g  m i n i a t u r i z e d  and a number 
a r e  b e i n g  developed f o r  t e s t i n g  i n  t h e  n e x t  b r e e d i n g  s e a s o n .  
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\ The p r o j e c t  h a s  b e n e f i t e d  from i n t e r n a t i o n a l  coopera-  
t i o n  i n  many e l e m e n t s  o f  m i l k f i s h  knowledge. An e x t e n s i v e  
b i b l i o g r a p h y  on t h e  m i l k f i s h  i s  b e i n g  a s sembled ;  morpho- 
m e t r i c  d a t a  a r e  b e i n g  p o o l e d ;  and t h e r e  a r e  b e n e f i c i a l  
exchanges o f  d a t a  on p h y s i o l o g y ,  r e p r o d u c t i o n ,  and g e n e r a l  
hand1 i n g .  

A t o t a l  of  f i v e  p u b l i c a t i o n s  r e l e v a n t  t o  t h e  p r o j e c t  
have been  p r e p a r e d  and t h r e e  p u b l i s h e d .  The o t h e r  two 
a r e  i n  p r e s s .  

P r o g r e s s  t o  d a t e  h a s  been s a t i s f a c t o r y ,  and t h e  p r o s -  
p e c t s  f o r  s o l v i n g  t h e  problem d u r i n g  t h e  n e x t  2 y e a r s  a r e  
e n c o u r a g i n g .  The Oceanic I n s t i t u t e  th rough  t h i s  r e s e a r c h  
h a s  n o t  o n l y  made s i g n i f i c a n t  p r o g r e s s  on t h i s  p a r t i c u -  
l a r l y  d i f f i c u l t  and complex problem, b u t  h a s  assumed 
a prominent  l e a d e r s h i p  r o l e  i n  t h e  f i e l d  and i s  now i n  
p o s i t i o n  t o  make a b r e a k t h r o u g h  o f  major  impor tance .  
I f  AID s u p p o r t  i s  n o t  c o n t i n u e d  t h e  momentum o f  t h i s  
a c t i v i t y  w i l l  be  l o s t  as w e l l  as much o f  t h e  t e c h n i c a l  
e x p e r t i s e  o f  t h i s  team p e r t a i n i n g  s p e c i f i c a l l y  t o  milk-  
f i s h .  

The s u b s t a n t i a l  i n c r e a s e  i n  t h e  budget  o v e r  l a s t  y e a r -  
i s  a t t r i b u t a b l e  t o  a s u b s t a n t i a l  i n c r e a s e  i n  t h e  p e r s o n n e l  
r e q u i r e d  t o  f o c u s  n e c e s s a r y  a t t e n t i o n  on t h i s  r e s e a r c h , ,  
t h e  t r a v e l  and p e r s o n n e l  r e q u i r e m e n t s  r e l a t e d  t o  a d d i t i o n a l  
f i e l d  work i n  t h e  P h i l i p p i n e s ,  and new h o l d i n g  f a c i l i t i e s  
t o  i n c r e a s e  a v a i l a b l e  numbers o f  e x p e r i m e n t a l  a d u l t  f i s h .  
Ai though i m p o r t a n t  p r o g r e s s  h a s  been  made w i t h  abou t  39 
man months of  e f f o r t ,  t h e  comple t ion  o f  t h e  r e s e a r c h  w i l l  
r e q u i r e  an i n c r e a s e d  l e v e l  o f  s c i e n t i f i c  i n p u t  ( a b o u t  
156  man months) because  o f  t e c h n i c a l  and l o g i s t i c a l  d i f f i -  
c u l t y  of the  r e sea rch .  
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2. Research P u q o s e  and Expected Products 

The purpose of this project is to lesrn how to increase the potentid - 9 effective controlled ofpoun~milliEish upon which mature fish pro- - _-/ 

duction by small farmer-~SGP 
- 

b. Objectives and E s ~ e c t e d  Products 

The overall objective i s  to learn how to s~tpply an adequate and pre- 
dictable quantity of juvenile fish to the fish farmers. Specilic objectives are: 

(1) To induce  spawning o f  r n i l k f i s h  i n  c a p t i v i t y  econom- 
i c a l l y  and do  s o  o v e r  l o n g  p e r i o d s .  

( 2 )  To d i s c o v e r  s p e c i f i c  p a t h o l o g i c a l  e f f e c t s  o f  s t r e s s  
and  h a n d l i n g  and t o  p r e v e n t  o r  overcome t h e s e  e f f e c t s .  

( 3 )  To l e a r n  how t o  i nc ' r ea se  egg  p r o d u c t i o n  a ~ d  t h e  
l a r v a e  s u r v i v a l  r a t e .  

( 4 )  To l e a r n  how t o  i n c r e a s e  h a r d i n e s s  o f  l a r v a e  and  
j u v e n i l e s .  

( 5 )  To d e v e l o p  h a n d l i n g  t e c h n i q u e s  f o r  . j u v e n i l e s  t h a t  
w i l l  a s s u r e  low m o r t a l i - t y  i n  t h e  , f a r m e r s '  pens .  

Present fish-farming practice i s  largeljT based on collection of wild juveniles 
fiwm natural sources, a costiy, tmprcdic~ble ,  aad ultimately destructive approach. 
Collection of nlilldish juveniles by such co3mtries as the Philippines, Indonesia, 
and Taiwan is enormous, estimated at 160 million per  year for Tziwan a l o ~ e .  It 
is estimated that tile ~ a u a l  production of 2,000 metric tons of mature grey mullet 
in Taiwan inlrolves an vznual collection of 10, GOO, 000 juveniles from coastal 
waters. Japan has set an annual catch limit of 31 million juvenile yellowfish; a 

similar limit on young eel cakh  has c a s ~ c i  Japanese eel farmers to scour the 
world for  seedstock. Cruda calculation sugges-s that the modest goal of doubling 
fain fish production, to some 15 million tons per  pear, might require capture of 
some 100 billion juveniles per  year, wider the optimistic assumption of a one- 
third sundval rate to maturiv. Katural pop-dations unquestionably cannot sus- 
tain juvenile catches of this magnikde. 

Although an ir-terrzlated set  of factors a r e  involved, the technical constraints 
managed juvenile fish proCuction fall into bxo categories: brackisliivater pare& 

fish which reproduce only in the sea, and escessive mortality of very young fish 
lar-ae. The f i rs t  problem x u s t  be solved if brood fish a r e  to reproduce under 

a, man-cont~wlled conditions, ard io find the solution to the second p roblem--or .i,? . indeed to  any kind of production of seedstock fish in captivity. Since such re- 

search i s  somewh~t  species specific, it trill be necessary to investigate most 
parameters for the milkfish even thoi~gh much of this is h o V m  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 01 problem. In this project what has been lea~ned will be applied to the milk- 
fish. They have been able to induce spawning over much longer than normal pel-i- 
ods by manipulating such external environmental parameters as water quality, 
d&t, Qgiene, t s e ,  saLiniQ and !gh,t. Salinity alone appears to be the 

L & ~ r i n c i u d  factor cwsinn fish to so to sea for breeding purposes. Regularly in- 
duced spawning has been achieved by use of salmon hormones. The investigators 
hase found considerable promise from use of human hormones, and the very much 
cheaper hormones from several other mammals. However, a nunber of ~nviron- 

--- --- 

relationship to their effeots on 1.-:?reduction. 
Once these relationships can be sufficiently understood and controllet ..' continuous 
fish larvae production systems can be established. With other supporc research 
will be consistent on the mullet to complete the understanding of how to husband 
the fish to m a k e t  and in broods. 

Similarly, the principals in the project and others have made considerable 
strides toward mderstanding the biological mechanisms, acd their relt~tionsl~ips 
to environmegtal factors, which result in the extremely lligh mortality ratios of 
fertilized eggs a d  fish larvae.  elations ships to 1-e s u r w  of a large num- 
ber  of variables--especially temperature, ,sali&y, pH, o m ,  l a t ,  and food 
supply--have been observed 2nd catalogued. The pr;,ncipals in the project baye 
observed a key variable to be the o s m o - r e e o r y  system of t l ~ e  larvaeJ by which 
body fluid balances a re  maintained. In fact, i t  would appear that several of the 
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 intakeGd 
salinity of the e n v i r o n m e n t d l m r  have direct b e a r i c ~ d u r i n g  the 
f i rs t  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 "drin!king waterM of t h e B t  types and quantitiesa through the right 
means and at the critical times that the excessive mortdity can be reduced. 

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

If the two sets of problems outlined above can be solved, controlled produc- 
tion of juvenile seedstock fish czn be made a relatively modest cost component of 

so enor-that the numbers of brood fish required for continuoos prodi~ction 
the entire aquacultural enterprise. The numbers of larllae produced per fish aAe 

tvould 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 I 
to the ultimate mature fish production enterprise. 
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The s t u d y  w i l l  de te rmine  f a c t o r s  and p rocedures  
n e c e s s a r y  t o  reduce  m o r t a l i t y  and improve performance 
o f  t h e  j u v e n i l e s  through d e l i v e r y  t o  f i s h  fa rmers  and 
subsequent  p roduc t ion  a c t i v i t i e s .  

3 .  Relevance and S i g n i f i c a n c e  of Proposed Work t o  A . I . D .  

a. S i g n i f i c a n c e  

The h igh  p r i o r i t y  g iven by t h e  Agency t o  improve 
n u t r i t i o n ,  p a r t i c u l a r l y  o f  low-income groups ,  needs  no 
r e i t e r a t i o n .  Development of h i g h l y  e f f i c i e n t  aquacul  t u r a l  
sys tems v e r y  d i r e c t l y  and i m p o r t a n t l y  s e r v e s  t h a t  o b j e c t i v e .  
Aquacu l tu re  o f  t h i s  type  i n  S o u t h e a s t  A s i a  and i n  t h e  P h i l i p -  
p i n e s  i s  normal ly  h i ~ h l y  l a b o r  - i n t e n s i ~  and t h u s  p r o v i d e s  
a r e a l i s t i c  opportunity f o r  i n c r s a s i n g  p r o t e i n  a v a i l a b i l i t y  
t o  r u r a l  and urban poor of  t h e  r e g i o n  whi le  a t  t h e  same 
t ime i n c r e a s i n g  income t o  t h e  s m a l l  p r o d u c e r s .  Land used 
f o r  f i s h  c u l t u r e  can be  space  e s s e n t i a l l y  unused f o r  food 
prcduction---marshes,  l a n d  w i t h  sal t l a d e n  s o i l s ,  b r a c k i s h  
and s a l t w a t e r  s t r e a m s ,  e s t u a r i e s  and s e a  s h e l v e s .  Many 
o f  t h e  s u i t a b l e  s i t e s  a r e  p u b l i c  l a n d s  o r  .wa te r s  a v a i l a b l e  

. t o  t h e  r u r a l  poor who own no l a n d .  The most r a p i d  r e c e n t  
expans ion of m i l k f i s h  farming has  been l a b o r  i n t e n s i v e  
pen c u l t u r e  i n  n a t u r a l  w a t e r s  u t i l i z i n g  bamboo cages ,  and 
r e q u i r i n g  l i t t l e  c a p i t a l .  F i s h  p r o d u c t i o n  i s  w e l l  s u i t e d  
f o r  small pond and small l a n d  h o l d i n g s  as w e l l ,  and wi th  
h igh  l a b o r  i n p u t s  y i e l d s  as h i g h  as 24,000 l b s .  of  f i s h  
p e r  a c r e  have been ach ieved .  

I n  a d d i t i o n  t o  t h e  g e n e r a l  b e n e f i t s  of f u l f i l l i n g  a  
major aquaculture void, a successful project will first 
c o n t r i b u t e  s i g n i f i c a n t l y  t o  l o c a l  and t h e n  n a t i o n a l  
domest ic  need f o r  animal p r o t e i n  which cannot  be  met by 
l a n d  animal p r o d u c t i o n .  I n  t h e  l o n g  term such a p r o j e c t  
would c o n t r i b u t e  t o  m a i n t a i n i n g  low and s t a b l e  p r i c e s  
of f r y  o r  j u v e n i l e s ,  and s u b s e q u e n t l y  h a r v e s t e d  f i s h .  
The p l a n n i n g  and development o f  ha tchery  and n u r s e r y  c e n t e r s  
a r e  t h e  n a t i o n a l  p r i o r i t y  of many c o u n t r i e s  which a r e  de- 
pendent  on a q u a t i c  animal  p r o t e i n  t o  meet minimal popu- 
l a t i p n  r e q u i r e m e n t s ,  and which a r e  f a c i n g  annual  s h o r t a g e s  
because  of n a t u r a l  and envi ronmenta l  i n f l u e n c e s .  

The Agency h a s  r e c o g n i z e d ,  through i t s  F i s h e r i e s  D i v i s i o n  
i n  t h e  Techn ica l  A s s i s t a n c e  bureau ( A g r i c u l t u r e ) ,  and i n  i t s  
Overseas  M i s s i o n s ,  t h e  importance o f  i n t e g r a t i n g  modern 
t e c h n i c a l  r e s e a r c h  and development i n  aquac 'u l ture  w i t h  t h e  
t r a d i t i o n a l  p r a c t i c e s  of  s u b s i s t e n c e  f i s h e r i e s  i n  t h e  L D C 1 s .  
The o p p o r t u n i t i e s  f o r  i n c r e a s e d  g a i n  a r e  s u b s t a n t i a l ,  b a t  
t h e  technology h a s  t o  be "packaged" b e f o r e  a p p l i c a t i o n  i n  
t h e  f i e l d .  
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b. Side Effects 

Environmental side effects a re  predominantly beneficial. There is the 
minimum tradeoff wvith land animal production as zquaculture mostly occupies non- 
agricultural land, but does compete for fertilizer and, in some cases, raw mnte- 
rials for feed. Aquaculture is labor intensive in certain seasons, but is similar 
to agriculture for the rest of the year. Aquaculture complemeilts the utilization 
of agricldtural waste, a problem presently affecting modern hltensive aquaculture, 
but not rural agriculture of the LDCrs wvllere the two have been integrated for 
centuries. 

Any aquaculture projects closely complement the other concerns of the 
Agency a s  they are  directly concerned vith food and energy requirements, and 
t'ne status of the poor in the LDCrs. Primarily aquaculture is concerned wvith 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 Iinowledge 

The countries of Indonesia, the Philippjnes, and Taiwan a r e  the three main 
centers of milldish c~~ l tu re .  The traditional prectices in Indonesia (about 350 
k g h a  per m u m )  and the Philippines ( G O O  kg/ha) a r e  less  productive than the new 
techniques for mmagement currently being developed in Taiwan (over 2,000 kg/ ' 
ha). However, for all three nations the =in constraint is the noilavailability of c 

the yoling fly, and this is very evident in Taiwvl which for  m G y  years imported 3 P' 

.fry from the ot3er two countries. In the Philippines, the annual deficiency of f r y  
is e s t h a t e d  to be over half a billion, and in Tai~vm the need is of lesser magni- 
tude but still numbering in the millions. 

I 

The current interest in milldish has therefore added to the very scant back- 
ground knowlecige of the species. Most of the l i terahre contains references to 
farming pctice and , m d  genela1 biology and natural his- 
toly. Only in the last few years has speciiic idormation been added clue to some 
independent studies on breeding and h o l h g  adult stock in the Philippines, TailVan, 
and Hawaii. Currently, egg and l a n d  surveys are being conducted in Tlxiiland 
and South India, and there is a Uh?P-supported project involving milldish in 
Indonesia. 

Without malcing specific references, infoimation is now being accumulzted 
rapidly in tlie following areas. Note that reference to Hawaii mostly indicates 
Agency-sponsored work. 
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f I 

a. Behavior and ~io-ecology in Nabre 

Taxonomic data is being accumulated from a number of sources which 
indicate mcial dilferences. This is being reinforced by electrop~ioresis 01 eye 
lens proteins and isozymes. 3Tigratory pathways oE the achlts a r e  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. 
feecling requirements. 

b. Egg and Larval Surveys 

Planhcn sunre]rs from milldish regions a r e  being reviewed for eggs 
and larvae of milkfish. Predominantly these took place in Southeast Asia, but 
new sun-eys a r e  being planed. The need is to define spawning grounds and to 
verify o r  deny unsupported observations. 

c, BIaturation and Reproduction 

Data on reproductive physiclogy of the fish a re  all recent. Work is f)m 
predorni~mtly being conducted in Hawaii, Taiwan, and the Philippines. Details 
a r e  being p mvided on zonad development for both males and females. Preliminary 
induced spa\m;hg is being attempted a t  all three places with hormones. 

I 

d. -Egg Incubation and Larval Rearin% 
- 

Only very old information is available on egg incubation m d  early 
l and  rearing. Newv data await the success of inducecl spawning. Rearing of f ry  
after the yell;-sac stages i s  well est;,blished and traditional but can be improved 
by better handins and distribution techniques. 

e. Predators, Patllology, and Physiology of Stress 

Nothing existed on milkfish pathology o r  physiology of stress in the 
l i t e rahre  until recently. Present work is being conductecl in Hawaii and the 
Philippines. Information of a general nature was available on parasites. 

f. Hatchery Technology . 
The technology for hatchery production of brackishwater fish species 

of interest to LDC's is being developed in Hawaii, Taiwan, and Israel. 

5. Rektion to Other Related Projects 

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



p r o j e c t s  under taken by t h e  I n t e r n a t i o n a l  C e n t e r  f o r  A l l i e d  
Aquacu l tu res  a t  Auburn Univers i ty ,  Alabama. With t h e  sup- 
F o r t  o f  t h e  Auburn C e n t e r ,  t h e  Agency h a s  c o n c e n t r a t e d  
s t r o n g l y  o n .  improving t h e  f r e s h w a t e r  f i s h e r i e s  of C e n t r a l  
and South America, and i n  h r i c a .  support- t o  t h e  Agency 
by t h e  u n i v e r s i t y '  of  Rhode --* I s l a n d  f o r '  c o a s t a l  zone F i s h e r -  
i e s  a n d m i o n  e c o n o m i m t o  t h e  Agency1 s i n c r e a s i n g  
emphasis on a q u a c u l t u r e  development.  

These t h r e e  i n s t i t u t i o n s  main ta in  c l o s e  c o n t a c t  on 
f i s h e r i e s  t o p i c s ,  p a r t i c u l a r l y  i n  working on a r e a s  of  key 
c o n s t r a i n t s .  

The I n t e r n a t i o n a l  C e n t e r  of Auburn through i t s  invo lve -  
ment w i t h  t h e  Agency-backed U n i v e r s i t y  +- -_. .I-I..- ..- a-u1C of 
I n l ~ d  F i s h e r i e s  Pro.-, is  i n v o l v e d  i n  pond management 

improving m i l k f i s h  p r o d u c t i o n .  and is  u n d e r t a k i n g  
s t u d i e s  on f i s h  m i g r a t i o n .  

Through i t s  s u p p o r t  of t h e  Oceanic I n s t i t u t e  i n  H a w a i i ,  
t h e  Agency i s  i n d i r e c t l y  a s s i s t i n g  t h e  j o i n t  c o o p e r a t i v e  
program developed by t h e  I n t e r n a t i o n a l  D e v e l o ~ ~ e ~ t - ~ _ e ~ e ~ a _ r c h  
Cen te r  and t h e  S o u t h e a s t  ~ s i - a n  F i s h e r i e s  ~ e v ' e l o ~ m e n t  C e n t e r  ---- -- - .- CU* V ' 7 . r .  -r F* Cd* i n  t h e  P h i l i p p i n e s .  ~ 6 i i ~ r i b u t ' b r s  -'f;%- tKe-program a r e  i n 8 l -  
v i d u a l s  from p r o j e c t s  suppor ted  by t h e  Taiwan F i s h e r i e s  
Research I n s t i t u t e ,  t h e  U n i v e r s i t y  of  t h e  P h i l i p p i n e s ,  t h e  
P h i l i p p i n e  Counci l  f o r  ~ ~ r i c u l t u r e  and Resources  Resea rch ,  
t h e  P h i l i p p i n e  Bureau of F i s h e r i e s  and Aquat ic  Resources, 
t h e  H a w a i i  I n s t i t u t e  of  Marine Biology,  t h e  C e n t r a l  
F i s h e r i e s  Research I n s t i t u t e s  of I n d i a ,  t h e  Shrimp C u l t u r e  
Research  C e n t r e  o f  I n d o n e s i a ,  Tha i l and  Department o f  
F i s h e r i e s ,  and t h e  I c h t h y o l o g i c a l  S o c i e t y  o f  Japan .  Many 
o f  t h e s e  p r o j e c t s  a r e  backed by funds from i n t e r n a t i o n a l  
development a g e n c i e s .  

F i n a l l y ,  and most i m p o r t a n t ,  t h e  Agency i n t e r e s t  i n  
a q u a c u l t u r e  c l o s e l y  p a r a l l e l s  t h e  o b j e c t i v e s  of t h e  newly 
e s t a b l i s h e d  

t rong 
i n t e r e s t  i n  t h e  p r o d u c t i o n  of a q u a t i c  animal p r o t e i n  through 
t h e  p ropaga t ion  and farming of t h e  b r a c k i s h w a t e r  f i s h e s  
i m p o r t a n t  t o  t h e  LDC Is1. Many o f  t h e  b r a c k i s h w a t e r  f i s h  
s p e c i e s  have similar b r e e d i n g  problems.  The c u l t u r e  o f  
m i l k f i s h  i n  H a w a i i  and e l sewhere  w i l l  be o f  d i r e c t  impor- 
t a n c e  to t h e  e n t i r e  b r a c k i s h w a t e r  f i s h  and fa rming  move- 
ment. The c o r e  of t e c h n i c a l  pe r sonne l  s u p p 0 r t e d . b ~  t h e  
Agency i n  H a w a i i  can b e  t h e  n u c l e u s  of  a t e c h n i c a l  group 
a p p l y i n g  r e s e a r c h  and technology t o  a much wider  r ange  o f  
b r a c k i s h w a t e r  s p e c i e s  and c o a s t a l  a q u a c u l t u r e  p r o d u c t i o n  
problems working i n  a s s o c i a t i o n  w i t h  t h e  b r o a d e r  o b j e c t i v e s  
of  ICLARM. 
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6 .  Research P r o j e c t  Design and Methods 

a .  Design Procedure  and Tasks 

The r e s e a r c h  p r o j e c t  des ign  and methods of approach 
f o r  most o f  t h e  c o n t r a c t  have been s p e c i f i c a l l y  i d e n t i f i e d  
i n  t h e  f i r s t  c o n t r a c t  (AIDjTA-C-1189). A s  h a s  been demon- 
s t r a t e d  i n  b o t h  t h e  anhual  r e p o r t s  and i n  s c i e n t i f i c  pub- 
l i c a t i o n s  r e s u l t i n g  from t h e  i n i t i a l  phase o f  t h i s  r e s e a r c h  
c o r r e c t  exper imenta l  p rocedures  have been s t r e s s e d  and 
exper imenta l  d e s i g n s  f a c i l i t a t i n g  s t a t i s t i c a l  a n a l y s i s  of  
r e s u l t s  a r e  used r o u t i n e l y . .  I n  i n s t w e s  where on ly  a  few 
exper imenta l  animals  have been a v a i l a b l e  on ly  p r e l i m i n a r y  
t r i a l s  have been possible . .  These tr ials have l e a d  t o  t h e  
e s t a b l i s h n e n t  of  a p p r o p r i a t e  r anges  of pa ramete r s  t o  
be  examined i n  l a t e r  p r o p e r l y  des igned  exper iments .  

The researcJ  t a s k s  t o  be  addressed  under t h i s  
c o n t r a c t  a r e .  as follows? 

(1) E s t a b l i s h  broodstock i n  c a p t i v i t y .  

( a )  C o l l e c t i o n  of  i n c r e a s e d  numbers of mature 
f i s h  i n  season ( a t .  s e a ) .  

, 

( b )  C o l l e c t i o n  and growing-on g r e a t e r  numbers 
of  immature f i s h  ( f rom b r a c k i s h w a t e r  
ponds 1. 

( c )  C o l l e c t i o n  of  m i g r a t o r y  f i s h  ( f rom known 
runs) .  

( d )  Development of b roods tock  husbandry. 

( e )  Holding,  h a n d l i n g  and sampl ing  l a r g e  f i s h .  

( f )  I d e n t i f i c a t i o n  of broodstock i n d i v i d u a l i t y ,  

( g )  Year-round b r e e d i n g  through envi ronmenta l  
c o n t r o l .  

( 2 )  E s t a b l i s h  c o n d i t i o n s  f o r  spawni,ng. 

( a )  Determinat ion  of n a t u r a l  spawning cond- i t ions  
( t h r o u g h  l o c a t i o n  of  spawning s i t e s ) .  

( b )  Simula. t ion o f  spawning c o n d i t i o n s  i n  
l a b o r a t o r y  (by  envi ronmenta l  c o n t r o l ) .  

( c )  Attempt spawning w i t h o u t  hormone t r e a t -  
ment ( b y  b e h a v i o r a l  r e sponses  ). 
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( 3 )  Induce spawning by hormone i n j e c t i o n  w a s  t o :  

( a )  Def ine  t h e  optimum induced spawning 
- procedure  ( f o r  salmon gonado t rop in ,  

s p e c i f y i n g  c o r r e c t  t ime f o r  t r e a t -  
ment, dosage, dose r a t e ,  r e s p o n s e .  e t c .  ), 

( b )  Determine c o s t  e f f e c t i v e n e s s  of  r e a d i l y  
a v a i l a b l e  hormones. 

Experiments  w i l l  i n c l u d e :  

i .  Determine n a t u r a l  r e p r o d u c t i v e  phys io logy  
( f o r  b o t h  s e x e s )  from immatur i ty .  

ii . Determine responses  t o  hormone t r e a t m e n t .  

iii. T e s t  r e a c t i o n s  t o  salmon p i t u i t a r y  gonad- 
o t r o p i n .  

i v .  T e s t  r e a c t i o n s  t o  o t h e r  cheaper  hormones. 

( 4 )  Improve s u r v i v a l  of l a r v a e  i n  l a b o r a t o r y .  

( a )  Nursery I . ( D a y  0  - Day 21*) development 
D e f i n i t i o n ,  'o f  Nursery I r e a r i n g  procedure  
w i t h  recommended f a c i l i t i e s ,  food and food 
d e n s i t y ,  r e a r i n g  d e n s i t y ,  w a t e r  q u a l i t y  
and e x t e r n a l  e n v i r o n ~ e n t a l  c o n d i t i o n s  
e t c .  

( b )  P roduc t ion  h i g h  s u r v i v a l  ( 7 6 )  from a v a i l -  
a b l e  eggs .  

( 5 )  I n c r e a s e  h a r d i n e s s  of l a r v a e  t o  j u v e n i l e  s t a g e .  

( a )  Nursery I1 (Day 2 1  - Day 50*) development 
D e f i n i t i o n  o f  Nursery I1 r e a r i n g  pro-  
cedure  w i t h  recommended f a c i l i t i e s ,  food 
and food d e n s i t y ,  r e a r i n g  d e n s i t y ,  w a t e r  
q u a l i t y  and envi ronmenta l  c o n d i t i o n s .  

J u v e n i l e s  l a r g e r  and h e a l t h i e r  t h a n  t h o s e  
caught  and d i s t r i b u t e d  by t h e  e x i s t i n g  
farming o p e r a t o r s  and expec ted  p r o d u c t s .  

( b )  Econorilics o f  operat ions-- low c o s t  o f  
j u v e n i l e s .  

* An e s t i m a t e d  s t a g e  d i f f e r e n t i a . t i o n .  



( 6 )  Improve h a n d l i n g  and husbandry o f  j u v e n i l e s .  

( a )  ' Improve c o l l e c t i o n  o f  j u v e n i l e s  from Nursery 
I1 f a c i l i t i e s ,  

( b )  Develop s a f e  t r a n s p o r t a t i o n  methods. 

i .  Develop s a f e  p r o c e d u r e s  f o r  mass 
c o l l e c t i o n  and t r a n s p o r t a t i o n  o f  
n u r s e r y  s t o c k  . 

ii. Recommend optimum economic t r a n s f e r  
method f o r  f r y  d i s t r i b u t i o n .  

The new c o n t r a c t  p roposes  t o  e x t e n d  t h e  p r o j e c t  w i t h  
t h e  f o l l o w i n g  s p e c i f i c  t a s k s  i n  y e a r s  FY 04 and FY 0 5 .  

( 7 )  .Conduct p r a c t i c a l  p a t h o l o g i c a l  t r e a t m e n t  t o  e l i m i n a t e  
h a n d l i n g  s t r e s s  and m o r t a l i t i e s  and reduce  d i s e a s e s  
o f  c a p t i v e  s t o c k s .  

( a )  Rou t ine  examinat ion  o r  au topsy  o f  a l l  f i s h  
f o r  background pa tho logy ,  

( b )  Conduct d i a g n o s t i c  t e s t s  u s i n g  modern 
h i s t o l o g i c a l .  'and b iochemica l  c l i n i c a l  
methods. 

( c )  Pursue r e l a t e d  r e s e a r c h  toward p r a c t i c a l  
a p p l i c a t i o n  f o r  t h e  h a t c h e r y  and t h e  
f  arme r. 

(8) Commence t r a c k i n g  and t a g g i n g  o p e r a t i o n s  i n  t h e  f i e l d .  

( a )  Examine e x i s t i n g  p l a n k t o n  c o l l e c t i o n s  i n  H a w a i i  
and conduct  s y s t e m a t i c  p l a n k t o n  s u r v e y .  

( b )  Cap tu re ,  t a g ,  and t r a c k  a d u l t  f i s h  and syn- 
c h r o n i z e  p lank ton  tows, 

( c )  Conduct l a r g e  t a g g i n g  tr ials i n  t h e  P h i l i p p i n e s .  

(9) Conduct e x p e r i m e n t a t i o n  on b r e e d i n g  i n  t h e  f i e l d .  

( a )  Assemble a n n u a l l y  a team t o  work in .  t h e  f i e l d  
r e spond ing  t o  i n d i v i d u a l  s e a s o n a l  a v a i l a b i l i t y  
i n  t h e  P a c i f i c  I s l a n d s  and S o u t h e a s t  A s i a ,  

( b )  Design f i e l d  u n i t s  f o r  a mobile t a s k  f o r c e  i n -  
v e s t i g a t i n g  b r e e d i n g  l o c a t i o n s .  



( 1 0 )  E s t a b l i s h  a c r y o g e n i c  u n i t .  

( a )  C o l l e c t  and p r e s e r v e  sperm. 

( b )  T e s t  p e r i o d i c a l l y  f o r  v i a b i l i t y ,  

(11 ) Begin h a t c h e r y  development,  

( a )  S i t e  s e l e c t i o n  survey.  

( b )  E n g i n e e r i n g  drawing and des ign .  

( c )  C o n s t r u c t i o n  p l a n n i n g .  

b .  Tasks .  T a r g e t s .  and M i l e s t o n e s  

See  F i g u r e  1. 

c .  Resources  Requi red  

The s t a f f  r e s o u r c e s  r e q u i r e d  a r e  t h o s e  which would con- 
s t i t u t e  a m u l t i d i s c i p l i n a r y  team o f  s c i e n t i s t s ,  t e c h n o l o g i s t s ,  
e n g i n e e r s j  and p r a c t i c a l  c u l t u r i s t s .  B r i e f l y ,  t h e  e l e m e n t s  
a r e  : 

i .  Reproduc t ive  p h y s i o l o g y - r e q u i r i n g  a Ph . D .  I 
l e a d e r  s u p p o r t e d  by t h r e e  r e s e a r c h  
7 

a s s i s t a n t s  
c o n c e n t r a t i n g  on p h y s i o l o g y ,  h i s t o l o g y ,  b i o -  
c h e m i s t r y ,  c r y o g e n i c s ,  and hormone s t u d i e s .  

ii. F i s h  c u l t u r e  - r e q u i r i n g  a Ph.D. team 1earis;r 
w i t h  a research a s s i s t a n t  r e s p o n s i b l e  f o r  r e s e a r c h  
p r o j e c t s  i n  l a r v a l  b i o e n e r g e t i c s ,  . l a r v a l  n u t r i t i o n ,  
env i ronmenta l  r egu l  a t i o n s ,  and r e a r i n g  f a c i l i t i e s ;  
t o g e t h e r  w i t h  a r e s e a r c h  a s s o c i a s e  r e s p o n s i b l e  f o r  
p r o d u c t i o n  and husbandry ,  s u p p o r t e d  by t h r e e  

---C 

t e c h n i c i a n s  a n d / o r  f i she rmen .  - 



- Starting event 

t - Progress-dependent eveds 

A - Interim t;rrgct/mllestone 

8 - Completion 

- nrcedlng season (> fay -Aupt )  

Figure 1. Project time chart. 
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iii. Pathology - requiring a Ph. D. team leader and a - r e s j c h  I 

assistant responsible for the health and care  of the fish and re- 
search aspects related to the project. 

' a  iv. En-cineering - requiring a certified m e e r  team leader sup- 
ported by ajugior engineer for equipment development, hatchery 
technology, and implementing hatchery development. 

v. Coordination and direction - requiring a Ph.D. w c t  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- 
t u q  group. Liaison between the group(s) mould be made though the Agency 
centers some of their established technical support. F o r  example, in the 
Philippines, the \vork could he linked through the UP. IFP Project funded by the 
Agency and involving Auburn University aquaculture staff as  technical advisers. * 

The cost of continuing the project wllich was established fi,rst in 1975 (FY 01) 
h t o  1978 and 1979 (FY 04 and 05), includhg the addition of five new elements to 
the original six elements, is $912,010.00. I 

7. Contribution to Institution Euildins 

In most developing countries, existing aquaculture centers a re  extremely 
small with limited facilities for research o r  pilot-scale operations. Few have 
interdisciplinary teams of workers o r  the equipment for adtanced research. Con- 
sequently, few a r e  able to undertake the long-term research and development 
programs which lieep a team together. Ever1 in coiultries lilce the United States, 
where funding i s  much easier comparatively, i t  is recognizecl that excessive dif- 
fusioll 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 
tlie available funding resources, a few existing institutions in the developed world 
a r e  attempting to ~mdertake work on some of the problem. ~ e c o ~ n i z i n g  that none 
of the existing institutions have the capability to carry out research on all o r  even 
a number of the problems, there is a need to establish a few centers of scientific 
and technical e ~ ~ e r t i s e  vith a critical mass of staff and facilities. These centers 
will concentrate tlieir efforts on major problems of general regional and 
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a 

inter-regional importance, implenleiiting the results in cooperation with institu- 
tions in the LDC's t,hrough demonstration and training; that is, by develophilg 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 capzble of backstopping a number of seed production programs: It  
will increase the overall competence aud efficiency of the personnel, and assure 
more effective utilization of equi?ment, facilitizs, and instrumentaticn. A s  a re- 
sult, it will provide the Agency with another center of co~petence  in aquaculture 
and fisheries, together with the Inteulational Center for Allied Aquaculture at  
Auburn University atid the University of Rhode Island, capable of applying present 
and future Agency projects in the LDCfs. 

8. Plans for Utilization 

The principal utilizztion potential lies in a country-by-country effort to 
select key opportunities for aquacultural development and tying them appropriately 
for  teclmic,il support to these institutional expertise centers, once the aspects 
limiting the husbandry of the fish are  learned. TAB is investing a major effort in 
support of this effort, particularly toward effecting the necessaly integration 01 
effort and experience among the research centers and between them a s  a group 
and the aquacultural p rogrzsns ~f individual LDC1 s. 

The L D C ' s  i n t e r e s t  i n  a q u a c u l t u r e  i s  growing r a p i d l y .  One 
a g g r e s s i v e  c o u n t r y  e f f o r t  i s  underway i n  t h e  P h i l i p p i n e s  under  
t h e  g e n e r a l  t e c h n i c a l  a s s i s t a n c e  t u t e l a g e  of  Auburn U n i v e r s i t y  . 
If economic o r  market ing  problems become c e n t r a l .  Oceanic 
w i l l  s o l i c i t  Rhode I s l a n d ' s  c o o p e r a t i o n .  

B r a z i l  is  d e v e l o p i n g ,  a l s o  wi th  a s s i s t a n c e  from Auburn a 
r e s e a r c h  and development c e n t e r  which B r a z i l i a n s  hope c a n  be  
a c e n t e r  o f  s u p p o r t  f o r  a q u a c u l t u r e  i n  a b u t t i n g  c o u n t r i e s  if 
n o t ,  i ndeed ,  f o r  t h e  o o n t i n e n t .  Colombia, Vietnam, Laos, 
and o t h e r s  have a c t i v e  growing programs.  

The R o c k e f e l l e r  Foundat ion  h a s  e s t a b l i s h e d  an i n t e r n a t i o n a l  
c e n t e r  t o  c o n c e n t r a t e  on problems i n  a q u a c u l t u r e  and a r t i s a n a l  
f i s h e r i e s ,  and t h e  I n t e r n a t i o n a l  Development Research  C e n t e r  
o f  Canada i s  s u p p o r t i n g  p i l o t - l e v e l  p r o d u c t i o n  and t r a i n i n g  
a s p e c t s  o f  f i s h  farming i n  t h e  P h i l i p p i n e s .  These a r e  a l l  
complementary p r o j e c t s  t o  t h e  p r e s e n t  e f f o r t s  by t h e  Agency. 
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9 .  Research  Competence and Resources  
A . 

The s taff  and r e s e a r c h  approach t o  a q u a c u l t u r e  by t h e  Oceanic 
I n s t i t u t e  a r e  b o t h  i n t e r d i s c i p l i n a r y .  The program proposed by 
t h e  I n s t i t u t e  w i l l  f u l f i l l  t h e  b a s i c  r e s e a r c h  and development 
p r i o r i t i e s  f o r  a l l  a s p e c t s  o f  j u v e n i l e  m i l k f i s h  p r o d u c t i o n  and 
d i s t r i b u t i o n .  The p r e s e n t  work i s  fundamental  t o  t h e  e f f e c t i v e -  
n e s s  o f  Auburn and Rhode I s l a n d  i n  s a l t w a t e r  and b r a c k i s h w a t e r  

- .. ~ r o d u c t i o n  sys tems .  - .  

The Oceanic Institute supported a five-year study on the artificial propaga- 
tion of the grey mullet, JIuo-il cephalus, supplying one-third matching funds to 
annual grants from the Oiiice of Sea  rant (U. S. Department of Commerce, SO-LA). 
The support was terminated on July 31, 1975. The overall cost of the progr'un 
has been $906,900. Tha Office 01 Sea Grant considered that ths Oceaiic team 
achieved its goal of developing induced spanning techniques and improving lal-val 
survival to a stage where 'the methods could be transferred znd utilized lor other 
more commerciril species. Work on this species is  being continued on funds pro- 
vidhd by the Intel3aiional Center for Living Aquatic R ~ S O U ~ E ~ S  Jlanagerneit to 
implement mullet hatchery techology in the LDCfs. 

~ h k  aquaculture team at the Institute is recognized iuternationally as a lead- 
ing authority on icduced spawning and artificial propagation of braclusli~vater 
species, pai-ticularly the mullet. Letters from people in both cleveloped m d  de- 
velo?ing :latiom come continwily to the Institute asking for training and instruc- 
tion in the methodology. t 

Other recognized experts inthe field are  the staff of the Wgkang  Fisheries 
Research Sta t i~n  kl Taii~m, with whom the Institute stafl has worked closely over 
the years. The two o r g a n i z a t i o n s  have produced t h e  ma jo r i cy  o f  
t e c h n i c a l  r e p o r t s  and p r o c e d u r a l  manuals on t h e  a r t i f i c i a l  - - -  
p r o p a g a t i o n  of a -b rack i shwate r  f i s h .  

Few other aquaculture or,aizations could take on the artificial propagation 
program for milkfish without ~ z j o r  investment and relocation of key and ex~er i -  
enced personnel. 

Dr. 11. Burr Steinbach, until recently Dean of the Graduate School of IVoods 
Hole OceanogrqShic Institution, serves a s  President of the Oceaxic Institute. 
Dr. Colin E. Xash, Director of Research, and Dr. Ching-ming I<uo, head of the 
Aquaculrure Division, uncler whom t!~e research project will be carried out, have 
extensive research e.sperience ia the problems adclressed by this project. They 
will be supported by other secior researchers including Albert C. Smith, Ph. D., 
M.D., and Guy N. Rothisell, Jr., B.S., C.E. . . 
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The Oceanic I n s t i t u t e ' s  p h y s i c a l  f a c i l i t i e s  a r e  modest 
Lut  a d e q u a t e ,  c o n s i s t i n g  o f  a c l u s t e r  o f  wooden framed 
b u i l d i n g s  o f  v a r i o u s  s i z e s  a d j a c e n t  t o  t h e  s e a  i n  Waimanalo 
H a w a i i .  I ts  3 ,600-square- foot  p r i n c i p a l  l a b o r a t o r y  houses  
a q u a r i a ,  l a r v a l ,  c h e m i s t r y .  microbio logy,  h i s t o l o g y ,  micro- 
scopy ,  and c o n t r o l l e d  wa te r - t empera tu re  l a b o r a t o r i e s .  O t h e r  
b u i l d i n g s  c o n t a i n  an e l e c t r o n i c s  l a b .  p h o t o p e r i o d  l a b ,  o f f i c e  
s p a c e ,  l i b r a r y ,  and t r a i n i n g  f a c i l i t i e s .  

The I n s t i t u t e  o b t a i n e d  i n  1976 an a p p r o p r i a t i o n  from t h e  
S t a t e  of  H a w a i i  f o r  $300,000 t o  compie te  a f i s h  h a t c h e r y  f o r  
mar ine  and b r a c k i s h w a t e r  p r o p a g a t i o n .  P l a n s  a r e  b e i n g  com- 
p l e t e d  and c o n s t r u c t i o n  w i l l  s t a r t  i n  1977. T h i s  w i l l  be a 
key f o c a l  p o i n t  f o r  f i s h  c u l t u r e  work i n  t h e  P a c i f i c  and h a s  
d i r e c t  r e l e v a n c e  t o  t h e  a q u a c u l t u r e  needs  o f  LDC' s everywhere .  

1 0 ,  O v e r a l l  Cos t  E s t i m a t e s  (combined H a w a i i  and f i e l d  p r o j e c t s )  

See f o l l o w i n g  t a b l e s .  
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Work Plan and Contract Budget 

Item 1 - Establish Broodstock in Captiriw 

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

We have so  f a r  collected by various rneans a total of 120 adult milkfish, of 
which 50 survive. Adult milkfish will continue to be collected from coastal bays 
and harbors in Hawaii usins well-developed capture and transport methods. Cap- 
ture at  sea,  while not now possible wi+h present gear o r  s-, will be pursued in 
cooperation with h?IIFS and other agencies ~vhich 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 sun iva l  of the fish during trans- 
port by u s h g  anesthesia, temperature, and salinity. A further reduction in 
. s t ress  levels would be espected to increase survival of ~ i l d  adults and juveniles 
above the present 50% level. A doubling of the number of adult fish from the 
present 50 is a primary goal oi the capture program. 

b. Collection and growing-on of immature fish (from bracgsh~va te r  ponds) 

We have collected (with no si,g.ificant losses) 100 first-year-class juveniles, 
plus an addition2-l 100 suSadults. Immature fish will continue to be taken whenever 100  

encountered. IIethods to ensure high sun iva l  of zdults m d  juveniles will be in- 
proved fur-her. Coll6ction of these fish will be primarily from fishgonds. Juve- 
niles and fry will be  stocked in ponds at 0. I. for growiag out -a ensure a satisfactory 
supply or' research and broodstock animals for  the next program years. Present  
stocks of juvenile m d  subadult milkfish will be doubled pending increased pond 
capacity. 

c. Collection of migratory fish (from known runs) 

L iason  with the fishing community in Hawaii has been established and 0. I. 
will continue to esyloit information regarding spawning aad migratory patterns of 
the miU;fish. Collection of fish from migratory pathways in Hawaii will be ex- 
pected when and if such runs have been identified. 

d. Development of broodstock husbandry 

Diet requirements will be defined through laboratory and growout ex'peri- 
ments. Cooperation with other laboratories such as HI?,IB which currently have 
necessary facilities for laboratory analysis will occur. A satisfactory prepared 
feed for milkffsh is expected. Gronvout trials in ponds nil1 be conducted at 0. I. 
and, a s  opportunities arise, in association with various good owners throughout 
the State. Disease acd parasite control v i l l  be an ixportant zspect 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 
'will be emphasized. A manual will be written, with a preliminary draft available 
fo r  review on 1 March 1973. \ 

e. Holding, handling and sampling large fish 
- 

~ u r t h e r  development of techniques and methods to handle adult milkfish so  
as to reduce s t ress  and elimiaate injury and mortality \till be made. Adult fish 
(> 3 kg) a r e  present handled by h d  using a restraining box developed during 
1976. This device restricts movement and facilitates weighing, tzgging, gonad 
sampling, and hormone injection nlthout anesthetization. Continued improvements 
will be expected. 

f. Identification of broodstock individuality 

Two yearst  experience with physical segregation, fin clipping, and plastic 
identification tags has shonn that vhile fin clipping has shor t - tern  utility, a 
combination of segregation =d rigging is necessary in the long term. Work wi th  
plastic taggs will continue, le-a to recommendations for tag type and method 
of application. 

g. Year-rouud breeding through environmental control 

Regimes fo r  t h i  ex-tension of the reproductive cycle throughout the year  by 
env i ro~nenta l  control will coni2nue to be developed. Definition of envirormental 
parameters required for s p a n i n g  will enable us to more critically control the 
maturation of the fish out of season. Behavior of broodstock animals will con- 
tinue to be studied in the laboratory under photoperiod and temperature control. 

Item 2 - Establish Conditio~s for  S?a\\nine 

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

An electronic fishtag has been developed, and data on inshore currents in 
Hawaii have been compiled. Subject to the success of the tagging trials scheduled 
fo r  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 \..ill be made by 0. I. persoanel. The results will be 
used directly in adjusting the qprop i ia te  parameters of the various induced 
spa~vning 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 1 8 ~ / 6 ~ ,  water temperature of 26" C)  were con- 
ducted from January 1976 to December 1976. Two sets  of salinity (32 o/oo and 
10-12 o/oo) were esamiaed. Inadequacy of nutritional supply to these experiments 
was identified as  a serious problem. It is planned to emphasize nutritional and 
physical conditions in funrre experiments. The conditions for  gonadal maturation 
will be refined as the attempts continue. The overall results wi l l  be reported a t  
the end of 1979. I£ environmentally induced maturation proves possible, the best 
conditions fo r  gonadal developmat w i l l  be established. 

c. Attempt spawning nithout hormone treatment (bj 
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 wvhenever 
mature females a r e  available. The priority of breeder uszge will be given to the 
hormonal induced spawning in order to  achieve ar t i f ic id  propagation of milkfish 
f ry  a s  soon a s  possible. Once the possibility of spontaneous spawning in captivity 
has been observed, the results wi l l  be reported. 

Item 3 - Induce Spawminz by Hormone Injection 

a Define the optimum induced spawning procedure (for salmon gonado- 
tropin, s p e c i f j i g  correct time for  treatment, dosage, dose rate, 
response, etc. ) 

1 
The responsiveness of mature females to salmon pituitary gonadotropin has 

been examined since 1973. Tiarious injection schedules and dosages were tested. .c 
The response of treaced females were followed individually. Asynchronism of 
egg hydration was observed aod premature spa~vnings wire r e  repeatedly obtained. 

J 
I t  is anticipated that humm ckorionic gonadotropin will be more effective to in- 
duce spawniug, if fully ripened eggs can be assured. The technique of artificial k 

fertilization.will be examined. To test this possibility, a group of three 0.1. 
staff is planning to join the SEXFDEC/IRDC team a t  Pandau, Philippines, in 

. April 1977. All the results will be reported and a procedural manual of induced 
breeding of milldish w i l l  be published fo r  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 dter- 
native normones and/or drugs will continue. Feasibility of m y  available hormones 
will be examined on the basis of effectiveness and cost. 

~ e s e a r c h  on the mullet is continuing. The results a r e  readily applicable to 
the milkfish. 

Item 4 - Improve Survival of Larvae in Laboratory 

a. Nursery I (Day 0 - Day 21*) development 
Definition of Sursery I rearing procedure with recommended 
facilities, food and food density, rearing density, water quality, 
and external environmental conclitions , 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 nil1 be  varied to accommodate mil!;fish requirements in a milti- 
variable investigation of water quality and nutritional parameters. 

- If this investigation is successful, ehperiments to test artificial foods for 
larval rear'bg \ill be conducted a ~ d  food requirements will be defined. Coo~e ra -  
tion with the 13IFS 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 su'rvival (%) from available eggs 

The procedures developed for  Nursery I will be implemented to demonstrate 
a technical ability to successfully ra ise  milldish larvae with high survival. 

Survival rates of mullet using both extensive and intensive rearing methods 
range from 2 . 5 5  to 20% by day 21. These methods will be applied to milkEish 
larval-rearkg effor-cs, with the goal of similar  survival rates. 

Item 5 - Increzsed Hardiness of Larvae to Juvenile Stage 

a. h'ursery I1 (Day 21 - Day 50*) development 
Definition of Xiirsery II rearing procedure with recommended 
facilities, food and food density, rearing density, water quality 
a d  environmental conditions 

As for  Nursery I, nursery methods will be developed to be utilized in rear- 
ing Nursery It 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 milldish 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 a r e  larger 
and healthier than wild stock and of a consistent size for stocking. 

, b. Economics of operations--low cost of juveniles 

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

Item 6 - Improve Handling and Husbandry of Juveniles 

a. Improve collection of juveniles from Nursery I1 facilities 

Improvement of juvenile collection from Nursery 11 facilities will be based 
upon consolidation techniques now being evaluated for mullet larvae. These will 
include physical crowding mechanisms, use of pho toWs  on both the juveniles 
and food organisms, and directional currents and salinity gradients. 

t 

b. Develop safle transportation methods 

Current handling and collecting techniques in Taiwan, Indonesia, and the 
Philippines will be reviewed. Methods employing least cost and ensuring great- 
es t  survival will be examined and compared with laown tolerances and require- 
ments of the fry. Further definition of life support requirements will be made. 
Equipment and procedures developed o r  adapted will be reported on. 



Item 7 - Conduct Pract ical  Patholosicnl Treatment ( $  68,481 & 62 ,586 )  

a. Routine esamination o r  autopsy of a l l  f ish for  bacl;ground pathology. 

All millifish, whether ocean o r  pond captive o r  fish maintained on site,  will 
be routinely 'autopsied. In addition to standard autopsy procedures with body organs, 
particular attention n i l l  11e paid to new pathogens. 13ecords 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 resu l t s  (though continual) n-ill be a n  extensive description of 
naturally occuring pathogens which effect milkfish of a l l  ages  and origins. 

b. Conduct tes t s  using modem clinical methods. 

New methods for detecting pathogens n i l l  be developed using relevant medical 
techniques. Continued attention will be paid to the pathogens known o r  thought to 
be  relevant to the condition of nervous s t ress ,as  reported in  197G. Treatments  will be 
applied to both newly caught and resident fish, and also tested during specific 
experiments designed to encourage s t r e s s  among resident stocks. The resu l t s  will 
be published a s  developed. End resu l t s  (though continual) will be substantial 
pathological data on the s t r e s s  factors of milkfish and other brackishivater fish, 

.and a practical improvement in the handling capabilities of live adult milkfish fo r  
captivity and breeding. A target milestone by the end of the project would be a 
50% survival factor during induced breeding handling. 

'c. Pursue  a l l  related research  toward practical application for  the 
hatchery and the farmer.  

Undertake basic r e sea rch  where i t  will be relevant to the sa fe r  handling and 
maintemnce of milldish. Cooperatiire n-orl; will be maintained with the pathology 
laboratory of St. Francis IIospAtal, and the Hawaii College of Tropical Agriculture. 
Material for  r e sea rch  has and will continue to be derived from both captive and 
wvildstock of a11 age groups. End results (thougI.1 continual) \-;ill be substantial 
pathological r e sea rch  data r epo r t a l  a s  i t  develops. Results of a pract ical  nature 
will be  interpreted and printed a s  information leaflets. 

I tem 6 Commence ? tac l<iw and Ttgging Operations in the Field. 

a. Examine existing plankton collections in  I-Iawaii and u ~ d e r t a l i e  new tows. 

Extensive plankton collections exist a t  the Hawaii Institute of Marine Biology, 
the h3IFS I-Ionolulu Laboratory, and the Gniversity of Hawaii Department of Marine 
Biology. 

- . - - - . . 
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These collections will be examined to determine if they have been recorded 
sufficiently s i te  and time specific to give clues to milkfish s p a ~ n i n g  grounds in  

P@y ULdP '? 
Hawaii. If this looks promising, a n  attempt will be made to identify millzfish eggs [ 
and larvae i n  selected samples,  and to re la te  the data developed to geography, 
season, and ocean currents .  The resu l t s  of this work iviI1 be reported in  a paper  
on  o r  about January 19'73. During the summer  of 1977, toivs will be made near  
Kaneohe Bay to 1001; for  milkfish eggs and larvae from this yea r ' s  s e a s o n  Results 
~ G l l  be  reported on o r  about January 1978, along with data above. 

b, Capture, Tag, and B a c k  Adult Fish and Synchronize Plankton To ws. 

Development of the electronic tag circui t ry is complete, and i t  i s  planned 
that 50 it i l l  be made up by summer  1977. Ten of these c i I l  he espended 
during the summer  spaiining period during t r ia l s  i n  ICaneohe Bay to develop tech- 
niques for  attachment and tracking. The goal is to achieve successful tracl5ng of 
a t  least  one school of milkfish including tagged individual(s), to identify the envir- 
onmental parameters  of spanning locations. Proof of accomplishnlent will be 
our  ability to maintain contact c i t h  the tag(s) for  a period of severa l  hours,  and 
stated parameters  a t  span7ning locations. 

If the tracking t r ia l s  succeed i n  folloiving a s e a ~ a r d - m i g r a t i n g  school, 
t ransects  will a lso be made ac ros s  the prevailing cur ren ts  with plankton nets  
i n  an attempt t~ intercept ferti l ized inilldish eggs to l ea rn  more  of egg incubation 
and coastal movement of larvae. 

c. Conduct Large Tr ia l s  on Location i n  the PlLiIippines. 

The accomplishnlent of this i tem nil1 depend very largely upon arrangements  
~ 5 t h  and cooperation by existing organizations in the Philippines. No detailed P 
plans have yet been formulated for this item. We expecc that a memorandux out- 
lining a planned field operation nil1 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 Breediny in the Field. 

a. Assemble Annually a Team to \irork on Location in  theF'ield, 
Responding to Individual Seasonal Demands in  the Pacific Islands 
and Southeast Asia. 

In April 1977 three members  of the Institute team a r c  being sen t  a t  the expense 
of the project to ivorl; with the SEAFDEC/IRDC team a t  Pandan, Philippines. In 
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March 1977 a staff member of the Hawaii Institute of Marine Biology was commissiooed 
to  visit Palau in the Trust  Ter r i to ry  to make preliminary observations on reported 
lunar  spaivnings of milkfish. If these nlissions a r e  successful, each yea r  a t  the 
appropriate time, staff members  will be sent to these and other locations to collect 
mature  fish on  the threshllold of spafining, and subject them to man? 'spot-check' 
injections, using g o ~ d o t r o p i n s ,  HCG, and prostaglanclins, etc. The resu l t s  \\-ill 
be data ti.-hich nil1 s e t  ;he r a r g e s  for  controlled experimentation on captive fish. 
Observations on spaivning will a lso direct  construction of futurc facilities for  captive 
f ish (that i s ,  large upits for  schooling bcliavior). The program will a lso provide 
s t rong Lickages u i th  other units in  the field (SEAFDEC and 3IAIRC) and other inter- 
national programs IIDR C). 

b. Design Field Cnits for a ;\lobile Task Force Investigating Breeding 
Locations. 

If repor t s  of accessible spawning schools in  the Pacific Islands a r e  confirmed, 
the objective wvill be to collect and t ransport  fer t i le  eggs and emergent f ry i n  large 
quantities back either to Haviaii, Palau o r  the Philippines. X smal l  portable field 
unit and personnel n i l l  be prepared to undertake such a n~iss ion(s ) .  Success a-ill be 
accepted i f  live eggs o r  larvae a r e  transported to a major  fish cul ture  base. Th2 
end resul t  (rhough concin~~al )  ;?-ill be mater ial  to advance other program sub-projects 
(P4). Another end-result might be a major source of la rge  numbers of active fry for  such 
countries a s  the P'hilippines o r  Taiwan. 

Item 10 - ~ s t a b l i s h  Cryogenic Unit ( $ 13,701 & 19,278) 

a. Collection and Presel-vation of Sperm. 

Although experiences n i th  other fish indicate that running males  can  be 
found a t  most t imes of a ~ ~ a t u r a l  breeding scason, the numbers (50) of males  
involved might not be adequate to cover a l l  eventualities. Cryogenic methods 
f o r  st0rir.g f ish spe rm have iinproved sufficiently to be practiced by the project 
without estensive research  into techniclues. A s n ~ a l l  cryogcnic unit n i l l  be 
established to collect a rd  p re se rve  spe rm from male  milkfish. Sperm viability 
wvill be recorded by standard observations and tests  on l i r e  fish if possible. End 
resu l t s  \rill be directions fo r  the collection and s torage of spe rm for milkfish, 
technical publications, and a stock pile of sperm. 

b. Periodic Testiog for  Viability 

As an investment for a long t e rm spe rm bank, the s tored spe rm will be 
spot-checked and logged for  viability using standard observations and spot checks on 
Live females. Tr ia l s  on shipment of sperm wvill be conducted in  assocation 119th 
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'SEAFDEC i n  the Philippines. The end resul ts  will be recommendations for  spe rm 
4 

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

Item 11 - Hatcher!. Dcrelopn~ent ($ 14,463 & 1 9 , 2 7 8 )  

a. Site Selection Survey 

At this time i t  is not possible to state with an  assurance, where or when a 
milkfish hatchery \!ill be construc!ecl o r  by whom. The responsihilit_v of the engi- 
neering group is therefore to gather engineering information from what ever source, 
and to asscnlble a design m e m o r a n d ~ ~ m  containing appropriate s i te  selection cr i ter ia ,  
hatchery schematics including space requirements, tankage volumes, water supply 
and management schematics ,  and a s  much detail a s  possible on such aspects of 
brackish/saltivater fish hatchery design a s  a r e  not site-specific. -At present, 
we envision the f i rs t  "edition'bf this lnemorandum a s  complete a t  the end of June, 
1978, and available for revie\:- and responses by other workers in the field at t h t  
time. A seond edition ~ o u l d  be published in June, 1979. 

b. . Engineering Drawing and Design. - 

I. 

This i s  properly accomplishetl by professionals in the country of interest,  
if such exist, aided by consulistion from our engineering group. Because of the 
nebulous nature of the.e\-enhis1 hatchery locations, size, owner, etc., \ye have 
provided only modest allov;ar,ces of time (2 man months/year) for tlGs category. 
The bulk of the actual cocscltation costs  should be defi-syed from the appropriation 
for  hatchery design and csnstruction, which is outside the scope of the present contract. 

c. . Construction Planning 

Worlcing with the International Center for  Living Aquatic nesources  EIamgement 
(ICLARhl), the Institute i s  preparing a Hatchery Design Guide for the b r e e d i ~ z  and 
propagation of grey mullet 2r.d (potentially) other brncl~sh\vater  fish. The Institure 
will be  using this guide to implement construction of a hatcher; in  a developiq  country - 
as par t  of ICLJ.ESI's p r o g r a n  in aquaculture. The project proposes to update 
this Design Guide using the most recent techniques (if available) for the milldish. 
A Guide for milkfish propagation might therefore be available by January 19SO. 

BEST AVAILABLE COPY 



12 .  Management C o n s i d e r a t i o n s  
I 

Ocean ic '  I n s t i t u t e  s h a l l  m a i n t a i n  a p p r o p r i a t e  c o n t a c t s  
w i t h  A I D  on b o t h  t e c h n i c a l  and o t h e r  c o n c r a z c u a l  m a t t e r s  
a f f e c t i n g  t h e  c a r r y i n g  o u t  o f  t h i s  p r o j e c t .  Q u e s t i o n s  
i n v o l v i n g  t e c h n i c a l  m a t t e r s ,  f u n d i n g  and maqager i a l  
d e c i s i ' o n s  w i l l  b e  r e f e r r e d  t o  t h e  F i s h e r i e s  D i v i s i o n  
i n  t h e  Bureau f o r  Techn ica l  A s s i s t a n c e  (TX;'AGR,'F). 
O the r  r o u t i n e  m a t t e r s  w i l l  b e  hand led  d i r e c t l y  w i t h  
t h e  O f f i c e  o f  C o n t r a c t  Iilanagement (SER/'CbI). 

P e r i o d i c  p r o j e c t  r ev iews  and e v a l u a t i o n s  w i l l  b e  
s c h e d u l e d  a t  m u t u a l l y  a g r e e a b l e  t i m e s  w i t h  t h e  concur-  
r e n c e  o f  t h e  TA/AGR/F S t a f f .  

Oceanic I n s t i t u t e  w i l l  c o n t i n u e  t o  p r o v i d e  annua l  
r e p o r t s  t o  A I D  and t o  p r o v i d e  o c c a s i o n a l  s c i e n t i f i c  and 
t e c h n i c a l  r e p o r t s  t o  i n t e r e s t e d  s c i e n t i s t s  and i n s t i t u -  
t i o n s .  

1 3 .  I n t e r n a l  and E x t e r n a l  Reviews 

Reviews have been h e l d  i n  May 1966 and March 1977. 
Copies  o f  r e p o r t s  r e . s u l t i n g  from t h e s e  r ev iews  a r e  
a t t a c h e d .  Reviewers were . g e n e r a l l y  complimentary and 
agreed  w i t h  t h e  impor tance  of  t h i s  r e s e a r c h .  Oceanic 
I n s t i t u t e  h a s  been r e s p o n s i v e  t o  t h e  c r i t i c i s m  of  t h e  
f i rs t  rev iew t e a !  and t h e  p r o p o s a l  f o r  c o n t i n u a t i o n  r e f l e c t s  
r e s p o n s e s  t o  t h e  second review. S p e c i f i c a l l y ,  new h o l d i n g  
f a c i l i t i e s  a r e  b e i n g  c o n s t r u c t e d  t o  i n c r e a s e  c h e  numbers 
of e x p e r i m e n t a l  a d u l t  an ima l s  a v a i l a b l e !  ma jo r  emphasis  
i s  b e i n g  p l a c e d  on development of  hcrmone spawning 
t e c h n i q u e s ,  and r e s e a r c h  a c t i v i t i e s  w i l l  b e  conducted  i n  
t h e  P h i l i p p i n e s  w i t h  r a c e s  o f  f i s h  most v a l u a b l e  t o  f i s h  
f a r m e r s  under  l o c a l  env i ronmenta l  c o n d i t i o n s .  T h i s  s t e p  
w i l l  s i g n i f i c a n t l y  i n c r e a s e  t h e  a v a i l a b i l i t y  o f  e x p e r i m e n t a l  
an ima l s  s i n c e  spawning t imes  i n  H a w a i i  and t h e  P h i l i p p i n e s  
a r e  d i f f e r e n t .  

1 4 .  P ropos ing  O f f i c e  Genera l  Ppproval  
The p r o j e c t  h a s  a v e r y  h i g h  r a t i n g  from t h e  Sponsor ing  

O f f i c e  w i t h  r e s p e c t  t o  t h e  impor tance  of t h e  r e s e a r c h  t o  
t h e  r u r a l  poor  i n  LDC's, t h e  q u a l i t y  of t h e  r e s e a r c h  con- 
d u c t e d  s o  f a r  under  t h e  c o n t r a c t ,  t h e  s i g n i f i c a n c e  o f  t h e  
r e s e a r c h  f i n d i n g s ,  and t h e  p r o b a b i l i t y  o f  a d d i t i o n a l  
c o n t r i b u t i o n s  of  major  consequence.  

The Sponsor ing  O f f i c e  e x p e c t s  a r a p i d  a c c e l e r a t i o n  o f  
t h e  r e s e a r c h  w i t h  t h e  f o u r f o l d  i n c r e a s e  i n  p e r s o n n e l .  The 
promis ing  n a t u r e  o f  r e s u l t s  o b t a i n e d  t h u s  f a r  h a s  
encouraged t h e  ass ignment  o f  a d d i t i o n a l  manpower t o  t h e  
p r o j e c t , a n d  t h i s  o f f i c e  s u p p o r t s  t h e  need f o r  such  an i n c r e a s e .  



The h i g h e s t  p r i o r i t y  shou ld  be p l s c e d  upon p e r f e c t i n g  
t e c h n i q u e s  f o r  hormonal inducement of  spawning and t h e  
a q u i s i t i o n  of  s u f f i c i e n t  a d u l t  f i s h  t o  complete  t h i s  
phase o f  t h e  r e s e a r c h .  Most o t h e r  a c t i v i t i e s  a r e  suppor-  
t i v e  o f  t h i s  r o l e  and a r e ,  t h e r e f o r e ,  a l s o  i m p o r t a n t .  
E f f o r t s  t o  t r a c k  a d u l t s  t o  t h e i r  spawning grounds u s i n g  
r a d i o ,  t a g s  do n o t  have t h e  h i g h  p r i o r i t y  a s s i g n e d  t o  
t h e  hormone spawning work b u t  a r e ,  n e v e r t h e l e s s ,  an 
i m p o r t a n t  p a r t  o f  t h e  r e s e a r c h  on spawning inducement 
through envi ronmenta l  c o n t r o l .  

15 .  M i n o r i t y  Pe r sonne l  and Women 

The complement of  s t a f f  invo lved  i n  t h e  p r o j e c t ,  e i t h e r  
f u l l  o r  p a r t - t i m e  is  twe lve .  O f  t h e s e ,  two a r e  female 
O r i e n t a l  t e c h n i c i a n s  who a r e  r e s p o n s i b l e  f o r  l a b o r a t o r y  
work. 

The male s t a f f  i n c l u d e s  one Japanese ,  one Chinese4  
one H a w a i i a n ,  one Jew. and s i x  Caucas ians .  The p r o j e c t  , 

a l s o  i n v o l v e s  l o c a l  f i shermen p r i n c i p a l l y  O r i e n t a l s  and 
H a w a i i a n s  h i r e d  a c c o r d i n g  t o  t h e i r  a b i l i t y '  t o  d e l i v e r  
l i v e  a d u l t  f i s h .  

I 

Of t h e  t o t a l  ~ n s t i t u t e  s t a f f ,  some o f  whom p r o v i d e  
a d m i n i s t r a t i v e  and c l e r i c a l  s e r v i c e s  a s s o c i a t e d  w i t h  t h e  
g r a n t  as overhead,  e l e v e n  of t h e  t h i r t y  a r e  female .  

16.  Environmental  S ta t ement  

The r e s e a r c h  b e i n g  conducted h a s  no a d v e r s e  env i ron-  
mental  e f f e c t s .  With t h e  f i s h  farming l i k e l y  t o  r e s u l t  
from t h i s  r e s e a r c h  t h e  envi ronmenta l  s i d e  e f f e c t s  a r e  
predominant ly  b e n e f i c i a l .  There is  t h e  minimun t r a d e o f f  
w i t h  l a n d  animal  p r o d u c t i o n  as a q u a c u l t u r e  most ly  occup ies  
n o n a g r i c u i t u r a l  l a n d :  bu-t does  compete f o r  f e r t i l i z e r  and 
i n  some c a s e s ,  r a w  m a t e r i a l s  f o r  f e e d .  A q u a c u l t u ~ e  is  
l a b o r  i n t e n s i v e  i n  c e r t a i n  s e a s o n s )  b u t  i s  similar t o  
a g r i c u l t u r e  f o r  t h e  r e s t  o f  t h e  y e a r .  Aquacu l tu re  
complements t h e  u t i l i z a t i o n  o f  a g r i c u l t u r a l  w a s t e .  a 
problen; p r e s e n t l y  a f f e c t i n g  modern i n t e n s i v e  a g r i c u l t u r e  
b u t  n o t  r u r a l  a g r i c u l t u r e  of  t h e  LDC's where t h e  two have 
been i n t e g r a t e d  f o r  c e n t u r i e s .  
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f a rm,  Hunterston, 1968. 
Production technique and costing for  plaice a t  a power station fish fa rm,  
Hunterston, 1970. 
A synopsis of the mar ine  f ish cultivation programme,  1964-70. 
Hydrography and management of the Ardtoe inter-tidal pool, May 1968- 
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Research  Assis tant ,  Scr ipps Institution of Oceanograpliy , 1964 - 1970. 
Teaching Assistant,  Department of Zoology, National Taiwan 

University, 1960 - 1964. 
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s e v e r a l  underground faci l i t ies  res i s tan t  t o  nuc lear  we'apons. 

Chief Engineer,  Rothwell, Les t e r  8: Phill ips,  Archi tects  and Engineers ,  
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u r e s  response.  1970, Oceanic Institute. 



Surface-following wave measuring buoy. 1972 ,Oceanic Institute. 
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damage. 197 1, Oceanic Institute. 
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waves. 1964. Guy Rothwell & Associates. 
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as proposals, conceptual designs, preliminary engineering reports ,  r e -  
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University of Hawaii, John A. Burns Scllool of Medicine, 1973-1975, M. D. 
Saiut 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,. 197~-~ re sen t .  

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

Chief Consulta~t,  Hawaii BioMarhie, 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 moleculai. 

genetics of fishes, 1971,1970,1965-1966,1963,1962,1961. 
Program Director in Pzthology, 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 (11) to Dr. R. L. Taylor, Assistant Research Pathologist, University 
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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 
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REVIEI'? OF TEE RESEX?CII PROGItV.1 RESF!-!CH I?! kYTIFICI.i\S PROPAGATION OF 
IIILKFIS'rl CCS3LCTED S'i TP.L CCi.:.G;IC FGL1<D.\TIO?: Y G X  111D 

- 6 . . 

T h i s  r ev iew was h e l d  a t  t h e  Oceanic  I n s t i t u t e ,  Waisanalo ,  Hawaii  on E!ay 6 
and 7 ,  1976 ,  i n  accordance  w i t h  t h e  t e rms  o f  t h e  c o n t r a c t  between A I D  and 
t h e  Oceanic  FourLdation (now Oceanic I n s t i t u t e )  e n t e r e d  i n t o  on J a n u a r y  1 3 ,  
1975.  

T h i s  c o n t r a c t ,  AID-TA-0-1189, i s  i n  t h e  a ~ o u n t  of  $498,532 .-. f o r  t h e  3-year 
p e r i o d  end ing  J a n u a r y  1 2 ,  1 9 7 8 .  O f  t h i s  sum, $250,000 was a l l o t e d  i n i t i a l i y .  
The b a l a n c e ,  $248,532,  was t o  be  p rov ided  i f  f w d s  were a v a i l a b l e  and "con- 
t i n g e n t  upon ... f a v o r a b l e  A19  rev iew and e v a l u a t i o n  o f  t h e  r e s u l t s  o f  t h o  
program a f t e r  1 8  xon ths . "  The rev iew was a c t u a l l y  h e l d  a f t e r  1 6  nor.cks t o  
a v o i d  a  s e s s i o n  d u r i n g  t h e  s p a ~ ~ n i n g  s e a s o n .  .. 
The o r i g i n a l  r e s e a r c h  p r o p o s a l ,  which was s u b n i t t e d  t o  t h e  A I D  Resez rch  
Advisory  C o r n i t t e e  on 1 6  Oc tober  1974,  covered  a 5-year s t u d y  a t  a  t o t z i  
c o s t  of $870,030. Ib'hether t h e  c o n t r a c t  w i l l  b e  ex tended  f o r  t x o  a d d i t i o n a l  
y e a r s  w i l l  be  d e t e r n i n z d  by a  second rev iew which,  under  t h e  t e rms  of  t h e  
c o n t r a c t ,  i s  t o  b e  h e l d  a f t e r  32 months. - 
The rev iew team c o n s i s t e d  di 

n - 8 n . .  . ,-- - -  . .'. ..~dd, F i ~ h ~ i - i c s  ~ - C L V L S L I C ,  ALIJ , ~ ; a s h i ? g ~ o n ,  3 .  C. , 
H. R. Scfircittou, F i s h e r i e s  Advisor ,  USXID ; l i s s i o n ,  P h i l a ,  P h i l i p p i n e s ,  
James A. S t o r e r ,  O f f i c e  of  ; lar ine  Resources ,  KO.U,  R o c k v i l i e ,  ?Id. 

The p r i n c i p a l  Ccean ic  I n s t i t u t e  s t a f f  p a r t i c i p a n t s  i n  t h e  r e v i e w  were :  

H. B c r r  S t e i n b a c k ,  P r e s i d e n t  
Colin J. Kash, Director of Research 
Ching-Xing Kuo , Head, Aquaculcure  Division 
Guy N. Rothwel l ,  Jr. , S e n i o r  E n g i m e r  
A l b e r t  C.  S n i t h ,  Marine  P a t h o l o g i s t  

The team a g r e e d  t h a t  t h e  work b e i n g  done i s  i n  a c c o r d a n c e  w i t h  t h e  t e r m  , 

o f  t h e  c o n t r a c t ,  t h a t  i t  i s  g e n e r a l l y  on s c h e d u l e ,  and t h a t  t h e  t i n e t a 5 l e  
f o r  t h e  n e x t  y e a r  r e r a i n s  v a l i d .  The  p r o j e c t  p r o j e c t i o n s  f o r  t h e  p ropased  
y e a r s  4 and 5 w i l l  r e q u i r e  c a r e f u l  s c r u t i n y  a t  t h e  second ( f i n a l )  r e v i e w  
o f  t h e  e x i s t i n g  c c a t r a c t .  The p r o j e c t  s t a f f ,  v h i i . e  s n a l l ' i n  n u ~ b e r s ,  i s  
o b v i o u s l y  e s t r e n e l y  c o c p e t e n t  p r o f e s s i a n a l l y .  T h e r e  a r e  saxe q n e s t i o n s  
w i t h  r e s p e c t  t o  c e r t a i n  a s p e c t s  of t h e  work v h i c h  a r e  z d d r e s s e d  i n  t!le r e p o r t .  
The program a s  a  wnoie ,  however, i s  sound and f u l l y  d e s e r v i n g  o f  c c n t i n u e d  
A I D  s u p p o r t .  The t e a s  endorsed  O c e a n i c ' s  r e q u e s t  f o r  ~ d d i t i c n a l  f u n d s  
($30-35? 320) f c r  ---L ,,,,,o:agy ;a?-: 2nd r e c l : l f i ~ ~ ~ : ~ t ) - ~  . . r+i; n r n n t - m  ' , - U p > -  --. ..& - * - * . - n n n  b....CU . - . .  
f o r  i t s  t h i r d  y e a r  a t  no l e s s  t h a n  t h e  l e v e l , . i n d i c a t e d  i n  t h e  c o n t r a c t .  
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The program o b j e c t i v e  s e t  by A I D  f o r  t h e  c o n t r a c t o r  was t o  b r eed  t h e  milk- 
f i s h ,  Chanos c h a ~ o s ,  i n  c a p t i v i t y  and t o  r z i s e  t h e  f r y  i r o n  t h e  egg,  
unde r t ak ing  any r e s e a r c h  and deve lo7 ren t  x h i c n  r i g h t  be  n e c e s s a r y  t o  a t t a i n  
t h a t  goa l .  

S p e c i f i c  o b j e c t i v e s  a r e :  

a. To induce  spavming of n i l k f i s h  i n  c a p t i v i t y  economica l ly  
and ove r  l ong  pe r i ods .  

b. To i n c r e a s e  t h e  s u r v i v a l  r a t e  of e g s s  acd l a r v a e .  

c. To i n c r e a s e  t h e  h a r d i n e s s  of j u v z 3 i l a s .  

d. To develop h a n d l i c ~  t e chn iques  f o r  j u v e n i l e s  t h a t  
w i l l  a s s u r e  t h e  1o:;est p o s s i b l e  s o r t a l i t y .  

The o r i g i n a l  p roposa l  f r c z  Oceanic F o ~ r , d a t i c 3  s ropcsed  r e s e a r c h ,  d e s i g n ,  and 
c o n s t r u c t i o n  of low-cost  222s and e n c l o s c r e a  f a r  a q u a c u l t u r a l  p roduc t i on  of  
b rack ish-wate r  f i s h .  The r.e+ised rassarc:? 3 i 0 j ~ c t  exc ludes  any work on 
pens and e n c l o s u r e s  f o r  c o r z e r c i a l  p roduc t i c3 .  

PROJECT ?LILY J / -  
The rev iew team agreed  t h a t  t h e  I n s t i t u t e  i s  c a r r y i n g  o u t  t h e  r e s e a r c h  
program i n  a  ve ry  s a t i s f a c t o r y  f a s h i o a .  ?a o r i g i x a l  p l a n  was w e l l  con- 
c e i v e d ,  t h e  s t a f f  ha s  baen a b l e  t o  a l h e r e  c z  i t ,  sad  OceanLc e x p e c t s  t o  
be a b l e  t o  a ch i eve  i t s  objectives \ ; i t h i3  t';,e a l l l c ca t ed  t i a e .  Th is  i s  n o t  
due s i c p l y  t o  2n au toma t i c  a3herence t o  ths c r i g i z a l  p l a n  b u t  r a t h e r  t o  t k e  
s t a f f  hav ing  p e r i a l i c a l l y  e s ~ z i n e d  t h e  ?la2 t o  dezer-ine its continuing 
v a l i d i t y  and p r o d u c t i v i t y ,  a s  \ < e l l  a s  t h e i r  ? r o s r e s s  under i t s  t e r n s .  

STAFF 

The team was impressed w i t h  t h e  a t t i t u i e ,  c::husiasn and g e n e r a l  approach 
of t h e  s t a f f .  I t  i s  a  t a l e a t e d  grcu? 02 ? r z f 2 s s l o n a l s  who seem t o  vork  
v e r y  w e l l  t o g e t h e r ,  s t i z u l a t e  criz e n o t h c r ,  h tve  r z s ? e c t  f a r  each o t h e r ' s  
s p e c i a l  a r e a  o f  cocpe tence ,  thare5:: c h i a v i z g  a scad deg rze  of i n t e r -  
a c t i o n  and e s p r i t  de  co rps .  The l e a d e r s h i p  ~ r o a i Z e d  by Co l in  Nash appea r s  
t o  be  most e f f e c t i v e ,  

Thz b r e a d t h  o f  approach i s  e x e q l i f i 2 d  by r k s  r o l e  o f  D r .  Smith who t ook  
h i s  d o c t o r a t e  i n  b io logy  but  c o r e  r e c c r t l y  c5ca izad  h i s  19. With t h a t  
~ ? i q u c  t r a i n i n g  he c2n b r i z g  t n  h i s  f i s k  :zthelc.gg vark t h e  t r a i n i n z  and 
i n t e r e s t  o f  a  phys i c i aa .  Be is, f o r  i z s t a z c e ,  p c t s u i n g  a  number of 



by-products  of h i s  p 2 ~ k c l o g y  r e s e a r c h  t h a t  ray have s i g n i f i c z n t  c e d i c a l  
a p p l i c a t i o n .  .Suc3  a  r e s u l t  t h a t  would, of c o u r s e ,  i n c r e a s e  t h e  pay-off 
o f  t h e  p r o j e c t .  T h i s  b road  c a p a c i t y  of t h e  s t a f f  i s  t o  b e  h i g h l y  v a l u e d  
and bodes w e l l  f o r  t?= c c n t i n u e d  h e a l t h  of t h e  I n s t i t u t e  and f o r  Its 
p o t e n t i a l  n o t  o n l y  i n  a q u a c u l t u r e  b u t  a s  w e l l  i n  o t h e r  a c t i v i t i e s .  

The s t a f f  t e c d s  t o  b e  z c a c i ~ c i c a l l y  and i n t e l l e c t u a l l y  o r i e n t e d ,  y e t  i t  
m a i n t a i n s  a s t r o c g  p r z c t i c a l  o r i e n t a t i o n  m a n i f e s t e d  i n  such  ways a s  i n  
e f f o r t s  t o  reduce  t h e  c o s t  o f  f e e d .  

The team had ,  h c u e v s r ,  s o r e  concern  t h a t  t h e  s t a f f  n i g h t  b e  o v e r l y  
a c a d e m i c a l l y  o r i e ~ . t e i ,  t:ith n o t  enough c o n t a c t  ~ 6 t h  p r a c t i c a l  f isi.em.en 
o r  p r a c t i c i ~ g  ~ q c s c c l ~ c r i s t s .  I n  t h a t  s e n s e  t h 2 r e  was a f e e l i n g  t h a t  t h e  
s t a f f  f e e l s  i t s e l i  t c  >s s o z e t h i n g  o f  a n  " i n t e l l e c t u a l  e l i te"  and t h a t  i t  
w i s h e s  t o  keep i t  t h z t  \cap. 

The s t a f f  was w e l l  2:;tre of t h e  a c t i v i t i e s  o f  t h e  o t h e r  i r . s t i t u t i o n s  work- 
i n g  i n  t h e  f i s h e r i = s  f l e l c !  ~ ; i t h  A I D  s u p p o r t  -- Aubarn U n i v e r s i t y  anc t?.e 
U n i v e r s i t y  of FL?zC2 ZslzaL. They were q u i t e  open t o  ti12 p o s s f i i l i t i e s  o f  
c l o s e r  c o e p e r a t l c z  w i t h  e i t h e r  o r  b o t h ,  a t  t h e  s a n e  t i r e  p o i n t i n g  c u t  
q u i t e  c o r r e c t l y  t h a t  scch c p d p e r a t i o n  cou ld  more e a s i l y  b e  e f f e c t e d  w i t h  
t h e  U n i v e r s i t y  of ii.z';zii. 

i, Howevef, t h e y  appear  ts b e  q u i t e  s e l e c t i v e  i n  t h e i r  r e l a t i o n s  w i t h  o t h e r  -. p r o f e s s i o a ~ l s  a t  tba: ~ z i v s r s i t y .  T:%ile t h e  s t a f f  s e e a s  t o  have a s s o c i a t e z  
r e g u l a r l y  w i z h  s c z e  @ r c c ? s ,  t h e y  have a lmos t  no c o a t z c t  r ; . i t :? 'o thsrs ,  Fa r -  
titularly s o c i a l  s c i e z : i s t s ,  i n c l u d i n g  economis t s .  They shou ld  e x e r t  a 
g r e a t e r  e f f o r i  i n  t h i s  d i r e c t i o n .  

FUNDING - 
The I n s t i t u t e  is  o ? e r r t i n g  on a v e r y  t i g h t  b u d g e t ,  bur  shou ld  b e  a b l e  t o  
c a r r y  o u t  t h e  work a s  szkedc led  I n  t h e  c o n t r a c t .  It i s  e s s e n t i a l  t h a t  t h o  
f u l l  $249,000 S u ? ~ e : z i  f o r  t h e  t h i r d  y e a r  b e  o b l i g a t e d  i n  FY 1977,  and . 
equal ly  e s s e n t i a l  tkz: c e r t a i n  s t c d i e s  of s t r e s s  b e  f aqded  i i ~ ~ d i a t e l y .  
Cost  i s  e s t i z a t e d  z r  S33-35,000. (Xote:  The budget  was a u g r e a t e d  by 
$30,000 on J s ~ e  22, 1976) .  

A s  we have  n o t e d ,  t k s  ~ r o j e c t  p r o p o s a l  p r e s e n t e d  t o  t h e  AID 3 e s e a r c h  . - Advisory C c - A t t e s  c z l l e a  r o r  a 5-year s t u d y  a t  a  c o s t  o f  $570,009. The 
. c o n t r a c t  f i n s l l y  l e t  rovcr=d  t h e  f i r s t  t h r e e  y e a r s  o n l y  f o r  :,:hich a ~ p r j s -  - .  i u a t e l y  $50C,020 ;;zs 3 x ~ g e t e 2 .  R e q u i r e c e n t s  beyond t h e  t i i i r d  y e a r  a r e  t3  

b e  c o n s i d e r e d  by c.52 r?viex;l t o  b e  made " a f t e r  32 ccn ths" .  I f  t52 2 r o j e c t  
is t o  c o n t i n c e ,  :his r z v i e v  w i l l  i n  f a c t  have t o  be  r a d e  2 f t e r  abonc 28 
months (e .g .  i n  ?ky 1977) t o  p e r n i t  t h e  Agency s u f f i c i e n t  t i s e  t o  p r o c e s s  
e x t e n s i o n  docvzents, t3is a s s s n i n g  t h e  heard so rererr 'ends. 
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Ocean ic  n o t e d  ' i n  tb-e e x e c u t i v e  s u m a r y  of  i t s  a n n u a l  r e p o r t  f o r  1975  t h a t  
t h e  e s s e n t i a l l y  s i r - i l a r  5-year p r o g r a n  f o r  g r a y  ~ u l l e t  c o s t  $1-314 m i l l i o n  
i n c l u d i n g  c a p i t a l  c c ~ ~ s t r u c t i o n .  It b e l i e v e s  t h a t  t h e  m i l k f i s h  work w i l l  
r e q u i r e  f u n d i n g  s c ? > o r t  or' t h e  s a n e  o r d e r  of  magni tude -- p e r h a p s  
$ 1  n i l l i o n  e x c l u s i v e  O F  c o n s t r u c t i o n .  

c.+ 
SPECIFIC & E ? Z T Y S  

S e x u a l  ? ! a t u r i t v  2nd GSI 

The f o l l o w i n g  i s  based on a com.ent i r o n  o n e  o f  t h e  b o a r d  members: So l i t r l e  
is known abou: t h e  S5ology o f  m i l k f i s h  t h a t  i t  i s  n o t  v a l i d  t o  nake  c o n c r e t e  
compar isons  bet\.:=e2 t:;~ a ? p a r e n t  sub?opula:ions. T h e r e  a r e  s o n e  i c p o r t 2 ; l t  
a p p a r e n t  d i f f e r e x e s  I n  spawning b i o l o g y  between r c i l k f i s h  i n  Hawaii  and La 
S o u t h e a s t  As ia  such as: 

1. Repor ted c i n i r u n  s i z e s  of s e x u a l l y  n a t u r e  f i s h  i n  S-E4 
a r e  a l r o s t  5 k g  w h i l e  Hawaii  f i s h  a r e  2 .5  t o  3  kg. 

2. SEA f i s h  z ? ? z r e n t l y  spavn o v e r  a  l o n g  s e a s o n  w i t h - o n l y  a 
r e l a t i v e l y  few f e z a l e s  g r a v i d  a t  any g iven  t i c e  1~11ile 
Hawaii  f i s h  a p p a r e n z l y  a l l  deve lop  2r.d spawn w i t h i n  a 
s h o r t  s e a s o n  d u r i n g  J u l y  and e a r l y  August .  

3.' Reported c5-i~-a spa1;ning t e n p e r a t u r e s  f o r  SEA f i s h  
have  been  28°C  v ' n i l e  w a t e r s  around Hawaii  do n o t  
exceed  26OC. 

Another  a p p a r e n t  d i f f e r e n c e  of  p o s s i b l e  s i g n i f i c a n c e  i s  i n  gonad we igh t  
r e l a t i v e  t o  t o t a l  5ciy ::eight - GSI. The ~ o s t  developed P h i l i p p i n e  f i s h  
s t u d i e d  had GSI v a l c e s  or' 5  t o  7 f o r  .::aies and 8 t o  1 2  f o r  i e m l e s ,  w h i l e  
GSI's f o r  b o t h  seses i n  E a w r i i  were only approxinately  3 . 3  d u r i n g  peek  
deve lopnen t  (based on a v a i l a b l e  d a t a ) .  

The Board s u g g e s t s  t h z r  t h e  S t a f f  s h o u l d  c o n s i d e r  what t h e  a p p a r e n t  
d i f f e r e n c e s  s e a n . a n d  what i n p o r t a n c e  t h e y  m y  have.  

S u p p l e ~ e n t a l  Feed 

Ocean ic  i s  u s i n g  f e e d s  t o  s u p p l e n e a t  n a t u r a l  growth o f  v e g e t a t i o n  i n  t h e  
t a n k s  and p o o l s .  A n  e s a n p l e  o f  t h e  s u p p l e x e n t a i  f e e d  r c p o r t e d  c o n s i s t s  o f :  
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Vheat midd l ings  55.0% 
Cot tonseed meal 14 .0  
Soybean n e a l  14 .0  - .  Tuna n e a l  14.0 

Propylene  g l y c o l  1 . 4  
V i so rb in  1 . 4  
V i t a n i n  p re -n ix  0.2 

A Board nenber  p o i n t s  o u t  t h z t . t o t a l  p r o t e i n  i n  t h i s  f e ed  could n o t  5 e  
more t han  202 and z z L r a l  p r o t e i n  n o t  more t h a n  about  9 2 ;  ca rbohyd ra t e s  
are h igh  and f a t s ,  v i t ~ z i n s  and n i n e r a l s  a r e  l o v .  Supplemental  f e e d s  f o r  
f i s h  should  be his:? ia ? r o t e i n  (302 a r  r.ore) aRd lo:*. i n  c a rbohyd rz t e s .  The 
feed  nay nor  be  -u=r i : iona l ly  adequa te  f o r  deve lop ing  b r e e d e r s  e s p e c i a l l y  
s i n c e  t h e r e  ap;zars2 t o  5 e  v e r y  l i t t l e  n a t u r a l  foods a v a i l z b l e  iz Ozeznic 

-'- . t a n k s  and pocds. ;L,& f i s h  ?-ay n o t  be  a b l e  t o  ger: enough ' u t r i enc s ,  e s p e c i a i l j l  
p r o t e i n  t o  develop s e s  p r c d u c t s  and e s p e c i a l l y  v i a b l e  p roduc ts .  

The team s u g g e s t s  t ; l c iocean icbeg in  u s ing  sone  of t h e  proven n u t r i t i o n a l l y  
complete  t r o u t  2 i e t s .  Sir.ce l i t t l e  is  k n ~ t m  about  n i l k f i s h  n u t r i t i o n ,  i t  
would appear  O c e a i c  c o c l d  c o l l a b o r a t e  p r o f i t a b l y  w i t h  a f i s h  n u t r i t i o n i s t .  

E l e c t r o n i c  Ts~ci:s - 
/ 

Oceanic i n t c z l s  ' t o  I h = t t e  = i l k f i s h  sp~:..l;ing grounds by t r a c k l n g  f z o z  a 
b o a t  a  r e l e a s e d  ~ r ~ ~ ~ ; ~  .;< f e ~ l e ' e q u i p p e d  w i th  an  e l e c t r o c i c  t a g .  The odds 
f o r  s u c c e s s  of t h i s  z e r h o d  s e e n  e x t r e z e l y  s ~ a l l .  For e x a ~ p l e ,  t h e  spa:,n- 
i n g  grounds r a y  5 e  a s  zuch a s  300 kn f r o a  t h e  Hawaii beaches  where t n e  
l a r v a e  and pos t l a n - 2 2  a r e  c o l l e c t e d .  

Other  troub1esor.e f a c t o r s  i nc lude :  

1. The p rob l ex  of  s e l e c t i n g  and p r e p a r i n g  t h e  spec inen  
for t a g g i n g .  

2. The p o s s i 5 i l i t y  i f  n o t  p r o b a b i l i t y  t h a t ' h a n d l i n g  
s t r e s s  u i l l  causz  a i t e r e d  behav io r  t o  a  p o i n t  t ~ h e r e  
t h e s e  t z ~ g s c  f i s h  :;ill no t  cove  i ; r z e d i a t e i y  t o  t h e  
grounds'  f o r  s?at,-ning, w i l l  spa:'n o u t s i d e  of t h e  n o r r ~ l  
spakning  grcczds, w i l l  l o s e  t h e i r  eggs t o  a t r e s i a  o r  
p r e n a t u r e  r e l e a s e .  

It seems t o  t h e  :eaz t k a t  i n  a d d i t i o n  t o  e l e c t r o ~ i c  t a s g i n g ,  upcu r r en t  
sampl ing  of  l a r v a e  a:-t eggs be used t o  l o c a t e  s p a . ~ i ; l ~  groccds .  T5eo- 
r e t i c a l l y ,  lar-;z= d z v a l ~ 2 r e n c  uould becoice l e s s  developed a s  sampling 
progressed  upcurrer-r: 2s:ay Fron sho re .  

Some advantages  of t h e s e  ne thods  a r e  t h a t :  

2. There  i s  2 g r e ~ t e r  chance i ndex  f c r  s u c c e s s  t h z z  w i t h  t h s  
e l e c t r c n L c  t egg i ag  ce thod;  

b.  It vould  b e  l e s s  expens ive  t han  e l e c t r o n i c  t agg ing ;  
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c . .  It w i l l  p rov ide  v a l u a b l e  i n f o m a t i o n  on deve lopncnt  
of w i ld  eggs and l a r v a e  f o r  u s e  i n  a r t i f i c i a l  spawn- 
i n g -  s t u d i e s ;  and 

d. It w i l l  p rov ide  i n E o ~ a t i o n  on t h e  env i ronnen t  i n  
' which eggs and l a r v a e  e x i s t  beiweer, spa:ning grounds 

and s h o r e ,  as w e l l  a s  j u s t  t h e  spa-ming grounds.  

One team nember ha s  suggested t o  Oceanic t h a t  t hey  c o n s i d e r  nass t a g g i n g  a s  
a p o s s i b l e  p r e l i z i n a r y  t o  e l e c t r o n i c  t agg ing .  Th i s  cou ld  p rov ide  v a l u a b l e  
i n fo rma t ion  on distribution, r ange ,  ~ i g r z t i o n  h z b i t s  and subpopu l a t i ons .  
Re l ea se s  of  cass-czggzd z i l k f i s h  should  be  c o n s i 2 s r e d  i n  a broad gaographic  
a r e a  i n c l u d i n g  I z f c z e s i a ,  ? ; t i l i ? p l n e s ,  2r.d Tzir;zn a s  :;ell a s  H a ~ z a i i  and 
p o s s i b l y  o i t ~ r  P a z i f L t  I s l z n 2 s .  Thz t a s s i n g  p r c g r a a  r e q u i r e s  e s p e c i a l l y  

' c a r e f u l  c o n s i d e r a t i o n  b e f o r e  f i n a l  p l a c s  a r e  r s c e  f o r  t h e  1977 spawning 
season .  

M i l k f i s h  Pa tho lo?v  P r o j e c t  - 
- -- 

It becace  appa ran t  i n  1975 t h z t  natcrally-occcrring,organic d i s e a s e  and 
s t r e s s  induced by confisc=2nf  cou ld  s e r i o u s l y  a f f e c t  t h e  outco2e of  t h e  
e n t i r e  prograx.  Coassqc2~t" ,  i n  Cctober  1975, Cceanic  ~ a d e  a  for-21 
app i i c a t i . on  t o  X I E  f o r  s u ~ ~ l e - , e n r e r y  fending so  t i ? s t ' i t  cou id  i t e n s j . f y  
t h e  work be ing  c a r r i e d  cuc by -er. S r i t h .  T h i s  i n c i s d e s  s t u d i e s  of  b a s i c  
pa tho logy  and s t c d i s s  of 6 i s e a s e s  t h a t  c2n i i e s :  t h 2 s s e l v e s  under  c o c d i t i c n  
o f  c o n t a n i n z t i o n .  I n  t k e  l a t t e r  c a s e ,  Oceanic h o ~ e s  t o  deve lop  a funaa- 
menta l  unders tznd ing  o f  t h z  s t r e s s  s t a t e  and hox t o  cope w i t h  it.  Pre-  
l i m i n a r y  work i s  p r o z i s i n g .  

The t e a n  f u l l y  endorssd t h i s  p r o j e c t  qnd b e l i e v e d  i t  should  b e  adequa t e ly  
funded. A s  no t sd  under "hnndng" ,  t h e  budget r a s  augnented by $30,OGO 
i n  June, 1976.  

FUTURE \ < O X  

The s t u d y  a s  a u t h o r i z e d  ::ill provide  znswers t o  o n l y  p a r t  of t h e  q u e s t i o n s  
no  p l a t t e r  how s u c c e s s f u l  :ha s c i e n t i f i c  work zzg be. Oceanic can  w i t h  i t s  
p r e s e n t  s t a f f  and f ec i1 i t : i  ?evelop t h e  l z b o r z t c r ~ r  t z chn iques  ceaded f o r  - . . a r t i f i c i a l  p r o p e ~ a t i c n .  .-.oT..:sver, v i t h  i t s  p r e s s t  p h y s i c a l  f a c i l i t i e s ,  
Oceanic cannot  c z r r y  o u t  ? i l e t  p roduc t i on  o ? e r z t l o n s  des igned  t o  f i e l d -  
test t h e  t e chn iqcz s  t k z i  z r 2  needed a s  an  i z t e x s 5 i a t e  s t e p  l e a d i n g  t o  t h e  
d e s i g n  and o p e r a t i c n  of l a r g e - s c a l e  p roZuc t icn  i- .atrheries.  There  i s  a  r e a l  . - q u e s t i o n  a s  t o  r rhether ,  2-,:21: 1 i  t h e  f a c i l i t i e s  i n  Z a v a i i  izere expanded, t h e  
work should  be dcne t h e r z .  The team f e e l s ,  z s  does  t h e  s t a f f ,  t h a t  t h i s  
should  b e  c a r r i e d  o u t  i r ~  South Eas t  Asia  wdere p r o d u c t i o n  o p e r a t i o n s  w i l l  
u l t i c a t e l y  t a k e  p lace .  

Th i s  q u e s t i o n  r e q u i r e s  f u l l .  c o n s i d e r a t i o n  a t  t h e  second review team v h i c h  
w i l l  d e t e r n i n e  \,?hare a d  i n  u n a t  f o r a  t h e  p r o j e c t  w i l l  con t i nue .  
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-4 .-- -. . , - rl FISHERY SCIENTIST 

I 10012 LAKE SHORE SLVD. N.E. 
/;. SEATTLE, VJASHINGTON oai25 

f (206) 523-4353 
18 March, 1977 

Mr. P h i l i p  Roedel 
A I D s  Depsr taent  of S t z t e  
Washington, DC, 20523 

Dear P h i l  : 

Herewith i s  t h e  f i r 2 1  copy of t h e  revlew of p r o j e c t  
931-0526~ A r t i f i c i z l  P r o p z ~ a t i o n  of K i lk f i sh .  

Drs. Schmittou and S t o r e r  have seen and approved t h e  
draft of 11 ?iarch but  I hsve m d e  soze minor c o r r e c t i o n s  

. of g r a r z e r  znd s p e l l i n g  ~ h i c h  they hzve not  seen.  I 
p r e s m e  t h a t  they w i l l  approve of t h i s  copy. 

S i n c e r e l y  yours ,  

c c  Schmittou 
S t o r e r  

FELLOW, AMERICAN INSTITUTE OF F!SHERY RESEARCH 61OLOGlSTS 
FELLOW. IF4TER?JATIOblAL ACADE'.!'I CF FISHERY SCIENTISTS 
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Review o f  P r o j e c t  931-0526 
/ 

A r t i f i c i a l  P r o p a g a t i o n  o f  M i l k f i s h  - - 
March 2-4, 1977  

T h i s  i s  a p r o j e c t  c o n d u c t e d  by  t h e  O c e a n i c  F o u n d a t i o n  of 

Waimanalo, H a w a i i  u n d e r  C o n t r a c t  N o .  AID/TA-C-1189 d a t e d  

J a n u a r y  1 3 ,  1975 ;  The c o n t r a c t  w a s  e s t i m a t e d  t o  cost  

$498,532  d u r i n g  i t s  t h r e e - y e a r  p e r i o d  e n d i n g  J a n u a r y  1 2 ,  

1978.  The i n i t i a l  a l l o t m e n t  w a s  f o r  $250,000 f o r  t h e  work 

t h r o u g h  J a n u a r y  1 2 ,  1977  b u t  t h i s  w a s  amended t o  $263,089.  

The t h i r d  y e a r  of o p e r a t i o n s ,  J a n u a r y  1 3 ,  1977  t o  J a n u a r y  1 2 ,  

1978 ,  was b u d g e t e d  a t  $248,532.  T h i s  and  a s m a l l  cos t  o v e r -  

r u n  h a v e  b r o u g h t  t h e  t o t a l  c o n t r a c t  cost  t o  $528,369 f o r  t h e  

p e r i o d  J a n u a r y  1 3 ,  1975  t o  J a n u a r y  1 2 ,  1978 .  

The o r i g i n a l  p r o p o s a l  p r e p a r e d  i n  1974 w a s  f o r  a f i v e - y e a r  

project  i n  t h e  t o t a l  amount o f  $870,000.  Now t h e  O c e a n i c  

I n s t i t u t e  p r o p o s e s  a f o u r t h - a n d - f i f t h - y e a r  of work,  b u d g e t e d  

a t  $463 ,097  a n d  $448,943 r e s p e c t i v e l y ,  wh ich  w i l l  b r i n g  t h e  

t o t a l  c o n t r a c t  cost  t o  $1 ,440 ,409 .  

T h i s  r e v i e w ,  t h e  s e c o n d  s u c h  o u t s i d e  r e v i e w ,  w a s  h e l d  a t  t h e  

I n s t i t u t e  o n  March 2-4, 1977.  The r e v i e w  team c o n s i s t e d  o f :  

W i l l i a m  F. Royce,  F i s h e r i e s  S c i e n t i s t ,  S e a t t l e ,  WA 

H. R. ~ c h m i t t o u ,  A s s o c i a t e  P r o f e s s o r ,  I n t e r n a t i o n a l  C e n t e r  
f o r  A q u a c u l t u r e ,  Auburn U n i v e r s i t y ,  Auburn,  Alabama. 

James  A. S t o r e r ,  Office of Mar ine  R e s o u r c e s ,  NOAA, R o c k v i l l e ,  
Maryland.  
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" The p r i n c i p a l  Oceanic I n s t i t u t e  s t a f f  p a r t i c i p a n t s  i n  t h e  

review were: 

Richard  W. Power, P r e s i d e n t  

C o l i n  J. Nash, D i r e c t o r  o f  Research 

./' ching-hing Kuo, Head, Aquacu l tu re  D iv i s ion  

Guy N. Rothwell ,  Jr., S e n i o r  Engineer  

A l b e r t  C. Smith, Marine P a t h o l o g i s t  

The f i r s t  review,  which was conducted on May 6 and 7,  1976, 

found i n  summary a s  fo l lows :  

"The team agreed  t h a t  t h e  work be ing  done i s  i n  accordance  

w i t h  t h e  t e r m s  o f  t h e  c o n t r a c t ,  t h a t  it i s  g e n e r a l l y  on 

schedule ,  and t h a t  t h e  t i m e t a b l e  f o r  t h e  nex t  y e a r  remains 

v a l i d .  T h e  p r o j e c t  p r o j e c t i o n s  f o r  t h e  proposed y e a r s  f o u r  

and f i v e  w i l l  r e q u i r e  c a r e f u l  s c r u t i n y  a t  t h e  second ( f i n a l )  

I ?  - review o f  t h e  e x i s t i n g  c o n t r a c t .  The p r o j e c t  s t a f f ,  w h i l e  

small i n  numbers, i s  obvious ly  ex t remely  competent  p r o f e s s i o n a l l y .  

There a r e  some q u e s t i o n s  w i t h  r e s p e c t  t o  c e r t a i n  a s p e c t s  o f  t h e  

work which a r e  addressed  i n  t h e  r e p o r t .  The program a s  a  whole, 

however, i s  sound and f u l l y  de se rv ing  o f  con t inued  A I D  suppo r t .  

The team endorsed Ocean i c ' s  r e q u e s t  f o r  a d d i t i o n a l  funds  

($30-35,000) f o r  pathology work and recommended t h a t  t h e  

program be funded f o r  i t s  t h i r d  y e a r  a t  no less t h a n  t h e  l e v e l  

i n d i c a t e d  i n  t h e  c o n t r a c t . "  

. The second review t e a m  was charged w i t h  t h e  primary t a s k s  o f  

e v a l u a t i n g  t h e  p rog re s s  on t h e  c o n t r a c t  and a s s i s t i n g  w i t h  t h e  - 



/ 
t e c h n i c a l  s p e c i f i c a t i o n s  f o r  an  e x t e n s i o n  o f  t h e  & t r a c t  

from Janua ry  13, 1978. 

PURPOSE OF THE RESEARCH 

./- 

The program g o a l s  se t  by AID f o r  t h e  c o n t r a c t o r  were t o  

b r eed  t h e  m i l k f i s h ,  Chanos chanos ,  i n  c a p t i v i t y  and t o  r a i s e  

t h e  f r y  from t h e  egg, under tak ing  any r e s e a r c h  and development 

which might  be  neces sa ry  t o  a t t a i n  t h o s e  g o a l s .  

The more s p e c i f i c  g o a l s  f o r  t h e  f i r s t  t h r e e  y e a r s  have been: 

a. To induce  spawning o f  m i l k f i s h  i n  c a p t i v i t y  economica l ly  

and o v e r  long  p e r i o d s .  

b .  To i n c r e a s e  t h e  s u r v i v a l  r a t e  of eggs and l a r v a e .  

c. T o ' i n c r e a s e  t h e  h a r d i n e s s  o f  j u v e n i l e s .  

d. To deve lop  hand l ing  t e chn iques  f o r  j u v e n i l e s  t h a t  

w i l l  a s s u r e  t h e  l owes t  p o s s i b l e  m o r t a l i t y .  

The proposed g o a l s  f o r  t h e  extended c o n t r a c t  i n  years four and 

f i v e  i n c l u d e  a l l  o f  t h e  above and a l s o  t h e  fo l lowing :  

e. Conduct p r a c t i c a l  p a t h o l o g i c a l  t r e a t m e n t .  

Commence t r a c k i n g  and t agg ing  o p e r a t i o n s  t h e  f i e l d .  

g. Conduct exper imenta t ion  on b r eed ing  i n  t h e  f i e l d .  

h. E s t a b l i s h  a  c ryogen ic  u n i t  f o r  p r e s e r v a t i o n  o f  sperm. 

i. P l a n  p roduc t ion  h a t c h e r i e s .  

P r o j e c t  P l an  and Management 

As noted  above ( i . e .  Purpose of t h e  Research) t h e  rev iew team 
* 

f u l l y  s u p p o r t s  t h e  purpose  o f  t h e  r e s e a r c h .  I t  a l s o  conc ludes  



t h a t  t h e  p rev ious '  a c t i v i t i e s  c a r r i e d  o u t  under t h e  p r o j e c t ,  

and b u i l d i n g  upon t h e  e a r l i e r  work w i t h  m u l l e t ,  have been 

i n t e l l i g e n t l y  conceived and c a r r i e d  o u t ,  and t hey  p rov ide  

a good b a s i s  f o r  t h e  conc lud ing  phase o f  t h i s  c o n t r a c t .  

The review team emphasizes t h e  need f o r  t h e  h i g h e s t  p r i o r i t y  

i n  t h i s  p r o j e c t  t o  be  a s s i g n e d  t o  g o a l  a.--to induce  t h e  

spawning o f  t h e  mi lkf ish--because  t h i s  problem has  proven 

t o  be  e s p e c i a l l y  d i f f i c u l t  and because  a c h i e v i n g  t h e  o t h e r  

g o a l s  w i l l  e i t h e r  depend on c o n t r o l  o f  t h e  spawning o r  w i l l  

b e  e a s i e r  because  t h e r e  i s  much more i n fo rma t ion  a v a i l a b l e .  

For example, t h e  technology of  hand l ing  l a r v a e  l a r g e r  t h z n  

about  1 2  mm. l e n g t h  and a l l  o f  t h e  l a t e r  s t a g e s  i s  w e l l  known 

because  t h e s e  problems have been widely  s t u d i e d  u s ing  l a r v a e  

c o l l e c t e d  i n  t h e  wi ld .  The p r a c t i c e s  o f  t h e  fa rmers  can ,  

no doubt ,  'be improved b u t  t h i s  i s  a  t a s k  r e q u i r i n g  a p p l i c a t i o n  

o f  t h e  technology--not  i t s  development. The new g o a l s  o f  

conduc t ing  p a t h o l o g i c a l  t reatr t ient  and exper iment ing  w i th  

b r eed ing  i n  t h e  f i e l d  w i l l  p robab ly  p rov ide  impor t an t  informa- 

t i o n  r e l a t i v e  t o  'the c o n t r o l  o f  spawning b u t  t h e  o t h e r  g o a l s  

seem t o  t h e  review team t o  b e  o f  a n c i l l a r y  importance  a t  t h i s  

t i m e .  

The team would urge ,  t h a t  i n  t h e s e  remaining months o f  t h e  

p r o j e c t ,  t h e  s t a f f  b e  v i g i l a n t  i n  reviewing and e v a l u a t i n g  

a c t i v i t i e s  t o  ensu re  t h a t  t h e y  a r e  t h e  b e s t  means o f  a c h i e v i n g  

* t h e  s t a t e d  o b j e c t i v e s .  I n  this r e g a r d ,  it i s  impor t an t  t h a t  
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a c t i v i t i e s  i n  themse lves  do n o t  g e t  justified a s  o b j e c t i v e s .  

T h i s  p r o c e s s  o f  r e - e v a l u a t i o n  i s  e s p e c i a l l y  c r i t i c a l  i n  t h e s e  

n e x t  few months w h i l e  there is s t i l l  t i m e  a v a i l a b l e  f o r  pur-  

s u i n g  a l t e r n a t i v e s  i f  t h e y  a r e  d e s i r a b l e .  

I- ' 
Therreview team r e q u e s t e d  t h a t  t h e  Oceanic  I n s t i t u t e  p r o v i d e  

r e a s o n a b l y  s p e c i f i c  o p e r a t i n g  p l a n s  f o r  t h e  e x t e n s i o n  t o  y e a r s  

f o u r  and f i v e .  Such a  s h i f t  from more g e n e r a l  p l a n s  a t  t h e  

b e g i n n i n g  o f  a  l a r g e  complex p r o j e c t  i s  normal.  A f t e r  some 

e x p e r i e n c e  i s  ga ined  and t h e  problems d e f i n e d ,  s p e c i f i c  

o b j e c t i v e s  shou ld  b e  s t a t e d  and o p e r a t i o n s  p lanned a c c o r d i n g l y .  

S t a f f  

Any r e s e a r c h  p r o j e c t  such  a s  this i s  o n l y  a s  good a s  t h e  s t a f f  

. and,  as i n  t h e  p r e v i o u s  review,  t h i s  team i s  much impressed  

by t h e  c a l i b e r  o f  t h e  s c i e n t i f i c  s t a f f  and i t s  d i r e c t o r ,  

D r .  Bash .  I n d i v i d u a l l y ,  t h e y  a r e  h i g h l y  -competent ,  w e l l -  
- - -  

t r a i n e d  and we l l -mot iva ted .  I t  i s  a  t r i b u t e  t o  t h i s  d i r e c t o r  

t h a t  t h e  staff works w e l l  t o g e t h e r  a s  a n  i n t e r d i s c i p l i n a r y  

u n i t .  

F u t h e r ,  it i s  no doub t  t r u e  t h a t  t h e  a b i l i t y  t o  keep t h e  

s t a f f  t o g e t h e r  i n  the f a c e  of  modera te  s a l a r i e s  and i n a d e q u a t e  

f r i n g e  b e n e f i t s  ( n - b .  o n l y  l a s t  y e a r  was a  h e a l t h  i n s u r a n c e  

program i n i t i a t e d  f o r  s t a f f  members and t h e r e  i s  a s  y e t  no 

r e t i r e m e n t  program though t h i s  i s  now b e i n g  a c t i v e l y  i n v e s t i -  

g a t e d  by t h e  P r e s i d e n t )  speaks  w e l l  f o r  t h e  r e s p e c t  and 

c o n f i d e n c e - t h a t  t h i s  s t a f f  have i n  t h e  D i r e c t o r .  
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The review team was g r a t i f i e d  t o  see t h e  { n t e r e s t  i n  t h e  

p r o j e c t  review mani fes ted  by t h e  newly appo in t ed  p r e s i d e n t ,  
I 

M r .  Richard  Power, and f e l t  t h a t  n o t  o n l y  h i s  i n t e r e s t  b u t  

h i s  expe r i ence  i n  o r g a n i z a t i o n a l  management would prove t o  

b e  most h e l p f u l  t o  t h e  I n s t i t u t e  and t h i s  p r o j e c t .  

W e  would p o i n t  o u t  t h a t  t h e  s t a f f  working on t h e  p r o j e c t  i s  

whol ly  s c i e n t i f i c  i n  t r a i n i n g  and o r i e n t a t i o n .  There  a r e  

obv ious  and n a t u r a l  r e a s o n s  f o r  t h i s  b u t  it does  l e a d  t o  a n  

absence  o f  t h e  " p r a c t i c a l  f i she rman"  e x p e r t i s e  w i t h i n  t h e  

s t a f f .  There  ha s  been some remedying o f  t h i s  s i t u a t i o n  

w i t h i n  t h e  l a s t  y e a r  by v i r t u e  o f  t h e  c o n t a c t  w i t h  f i sh -pond  

o p e r a t i o n s  i n  Hawaii t h a t  came abou t  a s  a  r e s u l t  o f  t h e  

. S t a t e  suppo r t ed  pond survey .  Likewise  t h e  c o n t a c t s  t h a t  w i l l  

b e  made a s  a  r e s u l t  o f  t h e  p i l o t  p l a n t  c o n s t r u c t i o n  and opera-  

t i o n  f o r  m u l l e t  b r eed ing  ( suppo r t ed  by t h e  S t a t e )  w i l l  have  

a  u s e f u l  impact  on t h e  whole program o f  t h i s  I n s t i t u t e .  

I n  v i e w  of t h e  necessary l i m i t a t i o n  on t h e  number of s t a f f  

t h a t  can  be  employed, i t  i s  hoped t h a t  t h e  I n s t i t u t e  w i l l  make. 

t h e  f u l l e s t  p o s s i b l e  u se  o f  e x p e r t i s e  t h a t  e x i s t s  w i t h i n  t h e  

I s l a n d s  b o t h  i n  t h e  academic f i e l d  and e s p e c i a l l y  i n  t h e  non- 

academic wor ld .  I n  t h i s  connec t i on  it might  be u s e f u l  t o  t a p  

t h e  knowledge'of  t h e  NMF'S s t a f f  i n  Hawaii who have,  among o t h e r  

t h i n g s ,  a  wide range o f  expe r i ence  i n  t h e  t h e o r y  and a p p l i c a -  

t i o n  o f  t a g g i n g  and t r a c k i n g  p rocedures  and a l s o  a r e  t h e  major  



. ' ,  s o u r c e  o f  knowledge and d a t a  on  t h e  c i r c u l a t i o n  o f  t h e  s e a  
/ - - 

n e a r  t h e  Hawaiian I s l a n d s .  - -  H . 

R e l a t i o n s h i p s  w i t h  O the r  O r a a n i z a t i o n s  

The geograph ic  s i t u a t i o n  o f  the I n s t i t u t e  r a i s e s  some v e r y  

real problems i n  t r y i n g  t o  e s t a b l i s h  and s t r e n g t h e n  meaning- 

f u l  c o n t a c t s  w i t h  i n s t i t u t i o n s  and o r g a n i z a t i o n s  o u t s i d e  t h e  

I s l a n d s .  (Though a s  w e  have no ted  above,  w e  fee l  t h a t  even 

i n  H a w a i i  i n  t h e  c a s e  o f  t h e  Na t i ona l  biarine F i s h e r i e s  S e r v i c e  

a  genuine  s t a t e  of  f r i e n d l y  r e l a t i o n s  h a s  n o t  been c a r r i e d  t o  

i t s  f u l l e s t  u s e ) .  C l e a r l y  sone  o f  t h e s e  c o n t a c t s  have been 

sought  o u t  by t h e  s t a f f  a s  i n  t h e  c a s e  o f  D r .  Smith s e e k i n g  

c o l l a b o r a t i o n  o f  t h e  Smithsonian I n s t i t u t i o n  f o r  some o f  

h i s  pa tho logy  f i n d i n 5 s .  

The team s e n s e s  t h a t  t h e  c o n t a c t  w i t h  t h e  o t h e r  i n s t i t u t i o n s  

engaged i n  f i s h e r i e s  r e s e a r c h  program funded by A I D  ( i . e .  

U n i v e r s i t y  o f  *.ode I s l a n d  and Auburn U n i v e r s i t y )  a r e  s l i g h t  

and c a s u a l  i n  n a t u r e .  T h i s  i s  t o  be  r e g r e t t e d ,  though t o  some 

e x t e n t  unders tandab le .  

I n s t i t u t i o n a l  c o n t a c t s  a r e  impor t an t  n o t  o n l y  i n  t h e  immediate 

p u r s u i t  o f  t h e  r e s e a r c h  o b j e c t i v e s  b u t  a l s o  i n  making s u r e  t h a t  

r e s e a r c h  w o r k . i s  o r i e n t e d  toward avenues f o r  i t s  p r a c t i c a l  

a p p l i c a t i o n .  I n  t h i s  r e g a r d  it i s  assumed t h a t  t h e  s o r t  o f  
--- 

" f ami ly  re l? . . t ionships"  t h a t  e x i s t  between t h e  I n s t i t u t e  and 

ICLARM ( I n t e r n a t i o n a l  Cen t e r  f o r  L iv ing  Aqua t ic  Resource 

Management) w i l l  e n s u r e  c l o s e  c o o p e r a t i o n  between t h e  two, 
I 
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I 'and t h a t  t h e  I n s t i t u t e  w i l l  b e  f u l l y  "plugged i n t o "  t h e  - - 
4 f u l l  r a n g e  o f  i n s t i t u t i o n a l  r e l a t i o n s h i p s  t h a t  a r e  expectedv--- - 

I ' 
I' t o  b e  a  p a r t  o f  t h e  e v o l v i n g  ICLARM i n  S o u t h e a s t  As ia .  

However, o t h e r  o r g a n i z a t i o n s  and programs i n  t h e  a r e a  o f  

t h e  p r o j e c t ' s  e v e n t u a l  a p p l i c a t i o n s ,  w a r r a n t  c o n t i n u i n g  con- 

t a c t  such a s  SEAFDES ( S o u t h e a s t  Asian  F i s h e r y  Development 

Commission), t h e  FA0 r e g i o n a l  commissions i n  t h e  r e g i o n ,  

i . e . - - the  I n d i a n  Ocean F i s h e r y  Commission, and t h e  Indo- 

P a c i f i c  F i s h e r i e s  ~ o u n c i l ,  t h e  UNDP/FAO r e g i o n a l  p r o j e c t s  

t h a t  a r e  a f f i l i a t e d  w i t h  t h e s e  b o d i e s ,  a s  w e l l  a s  s e v e r a l  

w i t h i n  c o u n t r y  o r g a n i z a t i o n s  i n  Taiwan, I n d o n e s i a ,  and 

P h i l i p p i n e s .  Fur the rmore ,  it s h o u l d  b e  emphasized t h a t  a s  

t h e  range  o f  a c t i v i t i e s  o f  t h e s e  o r g a n i z a t i o n s  i n c r e a s e s ,  

p a r t i c u l a r l y  SEAFDEC and ICLARM, t h e  c o o p e r a t i o n  among them 

w i l l  become e s s e n t i a l  t o  a v o i d  d u p l i c a t i o n  and t o  e n s u r e  

complementar i ty  i n  programs.  

Large  Holding and C u l t u r i n g  F a c i l i t i e s  I!. 

\ 

A r e l a t i v e l y  s e r i o u s  i f  n o t  l i m i t i n g  c o n s t r a i n t  t o  t h e  milk-  

f i s h  p r o p a g a t i o n  p r o j e c t  i s  01's l a c k  o f  a d e q u a t e  f i s h  h o l d i n g  

and r e a r i n g  f a c i l i t i e s .  Good u s e  is b e i n g  made o f  s i x  rubber -  

l i n e d  e a r t h e n  p o o l s  and a  number o f  f i b e r g l a s s  t a n k s  i n c l u d i n g  

s e v e r a l  f i b e r g l a s s - l i n e d  b e e r  v a t s .  These f a c i l i t i e s  a r e  

e x c e l l e n t  f o - r - c e r t a i n  u s e s ,  b u t  a r e  t o o  s m a l l  f o r  h o l d i n g  

e i t h e r  l a r g e  f i s h  o r  l a r g e  numbers o f  f i s h .  The s i x  rubber -  

l i n e d  p o o l s  a r e  t h e  l a r g e s t  o f  t h e  f a c i l i t i e s  b u t  t h e y  a r e  
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.each on ly  approximately 7 5  square  yards  i n  areas-- too few . , 
and t o o  smal l  t o  adequa te ly  meet t h e  needs o f  t h i s  and 01's 

o t h e r  p r o j e c t s .  The major problems of  t h e  smal l  number and 

,,/ a r e a  o f  f a c i l i t i e s  a r e :  

(1) The phys i ca l  l i m i t a t i o n s  t o  t h e  number and s i z e  o f  

f i s h  t h a t  can b e  he ld ,  

(2) The r e s t r i c t e d  f l e x i b i l i t y  i n  what may be done w i t h  

f i s h  i n  t hose  f a c i l i t i e s ,  

( 3 )  Crowding o f  f i s h  i s  necessary  s o  n a t u r a l  foods,  perhaps  

e s s e n t i a l  t o  p roper  gamete produc t ion ,  a r e  a b s e n t  o r  i n  

l o w  abundance. 

( 4 )  The smal l  environments a r e  s u b j e c t  t o  r a p i d  and extreme 

charges  adverse  t o  h e a l t h  and l i f e  o f  t h e  f i s h .  

Larger  f a c i l i t i e s  would be  more e a s i l y  managed a s  f a r  a s  pro- 

v i d i n g  and main ta in ing  an i d e a l  l i v i n g  environment a s  w e l l  a s  
- 

provid ing  p h y s i c a l  space f o r  g r e a t e r  numbers of  f i s h  than  now 

p o s s i b l e .  

01 p r e s e n t l y  p l a n s  t o  use ponds of  coope ra t ive  f i s h  fa rmers  

as hold ing  f a c i l i t i e s .  A t  b e s t  t h i s  i s  a  poor a l t e r n a t i v e  t o  

having t h e i r  own f a c i l i t i e s .  Even wi th  i d e a l  coope ra t ive  

arrangements ,  01 would n o t  have complete c o n t r o l  over  t h e  

f a c i l i t i e s  and wate r  environments and would n o t  have p r e f e r r e d  

use  and management f l e x i b i l i t y - - a n  undes i r ab l e  s i t u a t i o n  

cons ide r ing  t h e  h igh  va lue  o f  brood f i s h .  
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. . The Races o f  M i l k f i s h  
, " . 1 - 

\ 

M i l k f i s h  o c c u r  o v e r  l a r g e  a r e a s  o f  t h e  t r o p i c a l  P a c i f i c  and 

I n d i a n  Oceans. They l i v e  most o f  t h e i r  l i v e s  c l o s e  t o  t h e  

s h o r e  and s i n c e  t h e i r  l a r v a e  a r e  found c l o s e  to s h o r e  when 

o n l y  a few weeks o l d  t h e y  must have many spawning a r e a s .  

F u r t h e r  it must b e  assumed t h a t  t h e r e  c a n  b e  l i t t l e ,  i f  any,  

g e n e t i c  i n t e r c h a n g e  between w i d e l y  s e p a r a t e d  p o p u l a t i o n s ,  

i .e .  t h e r e  a r e  p r o b a b l y  many r a c e s  t h a t  a r e  more o r  less 

d i f f e r e n t  g e n e t i c a l l y .  

It w i l l  b e  d i f f i c u l t  t o  i d e n t i f y  and d e s c r i b e  t h e  r a c e s  

because  t h e  spawning a r e a  o f  each  must b e  known. The I n s t i t u t e  

h a s  bound some promis ing  morphologica l  and chemica l  t e c h n i q u e s  

o f  i d e n t i f y i n g  r a c e s  and i s  working on  some t a g g i n g  t e c h n i q u e s  

t h a t  may be  u s e f u l  i n  t r a c k i n g  f i s h  t o  t h e i r  spawning grounds .  

Such t e c h n i q u e s  w i l l  b e  u s e f u l  s c i e n t i f i c  c o n t r i b u t i o n s  b u t  

are n o t  l i k e l y  t o  c o n t r i b u t e  much t o  t h e  o v e r a l l  knowledge o f  

t h e  r a c i a l  s t r u c t u r e  o f  t h e  m i l k f i s h .  

P r i o r i t i e s  

The s c i e n t i s t s  from t h e  I n s t i t u t e  and t h e  rev iew team a r e  

c o m p l e t e l y  agreed  t h a t  c o n t r o l  o f  t h e  spawning p r o c e s s  i n  

t h e  m i l k f i s h  i s  t h e  f i r s t  p r i o r i t y  and t h i s  must succeed  

b e f o r e . s o m e  o t h e r  p a r t s  o f  t h e  p r o j e c t  a r e  under taken .  

F o r t u n a t e l y ,  it  w i l l  b e  p o s s i b l e  f o r  t h e  s t a f f  t o  work w i t h  

spawning m i l k f i s h  i n  t h e  P h i l i p p i n e s  i n  A p r i l  and t h e n  i n  

H a w a i i  i n  June  and J u l y .  The f i n d i n g s  o f  t h e  e a r l i e r  e f f o r t s  

c a n  b e  a p p l i e d  t o  t h e  second.  



- \ 
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-.<If+ t h e  e f f o r t s  t o  c o n t r o l  t h i s  spawning a r e  unsucces s fu l  i n  

1977 t h e  s t a f f  w i l l  a t t empt  t o  determine t h e  causes  of  t h e  

f a i l u r e  and d e v i s e  c o r r e c t i v e  a c t i o n .  They w i l l  then  have 

o t h e r  o p p o r t u n i t i e s  e a r l y  i n  t h e  f o u r t h  y e a r  o f  t h i s  p r o j e c t  

t o  apply improvedtechniques .  

The review team f e e l s  t h a t  t h e  i d e n t i f i c a t i o n s  of  r a c e  and 
. . 

t h e  e f f o r t s  t o  t r a c k  a d u l t s  a r e  probably n o t  e s s e n t i a l  t o  

t h e  p r o j e c t  and,  i f  needed, t h e  funds could b e t t e r  be used 

i n  t h e  i t e m s  concerned wi th  c o n t r o l  o f  spawning. 

F u r t h e r  t h e  i t ems  (Nos. 10 and 11) concerned wi th  a p p l i c a t i o n  

o f  t h e  r e s e a r c h  f i n d i n g s  should n o t  be commenced u n t i l  

. . 
s u c c e s s f u l  and r ep roduc ib l e  methods of  c o n t r o l l i n g  spawning 

have been developed. 

Fu tu re  Work 

- .  
'In o r d e r  t o  achieve f u l l y  t h e  u l t i m a t e  goa l  o f  u s i n g  t h e  

technology developed by t h i s  p r o j e c t  it i s  c l e a r  t h a t  much 

w i l l  remain t o  be done a f t e r  t h e  n e x t  two y e a r s  of work by 

t h e  I n s t i t u t e .  

F i r s t , t h e  technology s u i t a b l e  f o r  c u l t u r i n g  t h e  Hawaiian 

m i l k f i s h  may r e q u i r e  mod i f i ca t ion  when a p p l i e d  t o  o t h e r  

r a c e s  of  mi lk f i sh .  Hawaii i s  a t  t h e  edge of  t h e  range o f  

m i l k f i s h  and t h e  ocean c o n d i t i o n s  t h e r e  a r e  n o t  t y p i c a l  o f  

t h e  c o n d i t i o n  found where m i l k f i s h  a r e  abundant. The 

Hawaiian m i l k f i s h  grows and matures a t  d i f f e r e n t  r a t e s  than  
# 
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\ - -  - - - -  
-I , - -  I -  

- \- 
t h e  m i l k f i s h  of  the P h i l i p p i n e s  o r  I n d o n e s i a  and whether  - , \ . >*  these d i f f e r e n c e s  a r e  i m p o r t a n t  t o  c o n s i d e r  i n  t h e i r  c u l t u r a l  , 

technology i s  n o t  y e t  known. 

- 
, 

Second, t h e  a p p l i c a t i o n  o f  t h e  technology t o  t h e  e x i s t i n g  

. l a r g e  and complex m i l k f i s h  c u l t u r e  .system i s  c e r t a i n  t o  . 
. - 

embody most of  t h e  problems o f  t r a n s f e r r i n g  technology t o  

less. developed a r e a s .  I f ,  a s  we e x p e c t ,  t h e  spawning p r o c e s s  

and e a r l y  l a r v a l  development o f  t h e  m i l k f i s h  a r e  b r o u g h t  
. . 

under c o n t r o l  t h e n  it w i l l  be  e s s e n t i a l  t o  p l a n  a d e q u a t e l y  

t h e  technology t r a n s f e r .  W e  s u g g e s t  t h a t  t h e  p rocedures  f o r  

such p lann ing  be  examined.and a  s u i t a b l e  confe rence  b e  

scheduled  f o r  l a t e  i n  c a l e n d a r  year .  1978.. . -  
. .  . 

Such needs r a i s e  s e r i o u s  q u e s t i o n s  abou t  t h e  r o l e  and n a t u r e  

of Oceanic I n s t i t u t e ,  i t s  r a n g e  o f  i n t e r e s t s  and s t a f f  a s ,  

w e l l  a s i t s l o c a t i o n .  Sone of  t h e s e  q u e s t i o n s  c a n  pe rhaps  . 

be answered a s  t h e  c o o p e r a t i v e  ar rangements  w i t h  ICLARV 

are  r e a l i z e d  i n  t h e  n e x t  y e a r s .  Perhaps  a l s o ,  a  p a r t  o f  t h e  

answer w i l l  be provided by t h e  evo lv ing  o v e r a l l  t h r u s t  o f  

t h e  I n s t i t u t e  and t h e  e x t e n t ,  f o r  i n s t a n c e ,  t h a t  it deve lops  

a s t r o n g  commitment f o r  programs o f  i n t e r e s t  t o  Hawaii,  o r  

a l t e r n a t i v e l y ,  t h e  e x t e n t  t o  which i t  m a i n t a i n s  a  predomin- 

a n t  i n t e r e s t  i n  a q u a c u l t u r e .  I n  any e v e n t ,  t h e  I n s t i t u t e  and 

A I D  w i l l  have t o  be c o n s i d e r i n g  t h e s e  m a t t e r s  a s  t h e  f i n a l  

phase  o f  t h i s  immediate p r o j e c t  i s  s p i n n i n g  o u t .  

. 
Submit ted  March 1 8 ,  1977 



SU3OlARY OF RAC RECO?2.lENi)ATIONS TO A. I. Dm 
%- 

PROPOSALS RZLrLE\JED AT THE OCTOBER 17-18, 1974 MEETING 

:- 
1. Prosrim f o r  Applied Resezrch on F e r t i l i t y  Regula t ion  (PARFR) 

(2xcension)- Sartks. ;as tern  Universi ty.  Durat ion o f  e x t e n s i o n  
3 ).ears; e s t i i z z t e i  a d d i t i o n a i  cos t ,  $2,052,569. Connell ,  
Carcer,  Linder, ?!arri?L. 1! 

$eco%endztion: Tbat t h e  proposed extens ion b e  approved with 
t h e f o l l o w i n ; a n e n & z z n r s :  (1) removal of t h e  F a n i l y  planning 
D e ~ c n s t r a t i o n  Center, (2) nore  a c t i v e  r ec ru i tmen t  among f o r e i g n  . 

, ts  c u r r e n t l y  i n  t h i s  country  a s  p o t e n t i a l  g r a n t e e s  upon \ud e, 
t h e i r  r e t c r n  t.:, t h z i r  horn2 coun t r i e s ,  and (3) A-I.D. staff make 
every  e f f o r t  t o  lower t h e  percentage  of funding g o i n g  into 
. adpinis  t r a  t ion .  ' . 

. -. - - - 

2, Rit rogen Ft:ca'.i?lo;l 5y L2guses a s  a  M j o r  Factor  f o r  Foad Produc-' 
t i o n  in Lzss D e v e l o ~ e d  Cocnt r i e s  (Xew)-University o f  Hawaii. . . 

Drtrzt-ion: , 3 y a z s ;  t o t a l  e s t i ~ z t e d  c o s t  $900,000. N. Peterson,  
Eszsy, >iiln?r, ~C:j.;zzi. 

3tcn-cen+.1 c 1 3 n :  T32t the p r o j e c t  b e  approved w i t h  recommendation - - th3t t h e  X I 3  s t s i r  a s g o t i a t e  f u r t h e r  r e l a t i v e  t o  t h e  fo l lowing  
m a t t e r s :  (1) greeto,r  i n p u t  or' t i 3 2  of - . the  p r i n c i p a l  staff; (2) 
g r e a t e r  s ~ r i i c i p t t i s n  of s c i e a t i s t s  from dcvcloping countries -. in.c!.-rSf ng ;rr?a~.ci;lg, i f  necessary;  (3) r.arror.iing i n i t i a l  ob j cc- 
t i v e s  t o  those  &ich can be-achieved dur ing t h e  i n i t i a l  l i f e  
(3 yzars \  of t k e  pro j s c t ,  n2zely, t o  food lcguines aild o i l  crops; 
( L j  g r e z t e r  a t t w i t i o n  t o  t h c  i n t e r a c t i o n  of t h i s  p r o j e c t  t o  
crc??ing s y s t a e s  i n  developing coun t r i e s ;  (5) budget  r e d u c t i o n  
I ,or t h e  i n i t i a l  3-year prosran;  and (6) t h a t  t h e  R\"v Subcon- 
= i t t e e  b e  advised  of t h e  p lan  of  a c t i o n  wi th  r e f e r e n c e  t o  t h e  
se?uence of r e s e a r c h  a c t i v i t i e s  and a n  exp lana t ion  o f  how t h i s  
w i l l  be ex2anded t a  t h e  f i e l d  a c t i v i t i e s .  

3. ,4dz?ting S i z s l a t i o n  :.:odcl$ t o  Agr icu l tu re1  ' S e c t o r  A n a l y s i s  
(~xter is l~; . . ) -2! ichigan S t a t e  I.!niversits. Durat ion of e x t e n s i o n  : 

. 13 'nonths; e s t i m t e d  a d d i t i o n a l  cos t ,  $697,753. Heady, Ruttan,  
Hagen, ' ?Jt:tnt5ert. 

Recotreadat ion:  That t h e  proposed ex tens ion  bc approved a s  a 
t c r n i n a l  c o n t r a c t  under  t h e  cond i t ions  t h a t :  (1) by Flrrrch 1, 
1975 th+ b!SU team provi2.c AID w i t h  documentation of important: 

. p o l i c y  and developnenta 1 a l t e r n a t i v e s  f o r  Korea, and  agreed  
upon wi th  Korean o f f i c i a l s ,  t o  be simulated i n  t h e  r e ~ n a i n d e r  of 
t h e  p r o j e c t ;  ( 2 )  t l ~ c  :!r~rlcl e::lpllasize rr-3 j o r  econonric relation- 
s h i p s  and subsec to r s  which can bc  q u a n t i f i e d  and arralyzed for 

l/alr~ Review Subcomi t t c e ,  Cl~a i r r a n  under scored  
CI I 



/ 
M r a j o r  p o l i c y  d e c i s l o r : ~  t o  be rade over t h e  n e x t  t h r e e  yea rs ;  

.c- (3) t h e  emphasis be shiEted t o  econozic n o d e l l i n g  a s  t h e  end 
a n 3 s y s t e m s  sc icnce  a s  t h e  neans; (4) more f u l l - t i m e  PISU econ- 
o r i s t s  be added t o  thc p r o j e c t  and r a p r e s e n t  t h e  m j o r  p o r t i o n  
cf t h e  s t a i f ;  2n2 (3 )  :ha t  s ~ f f i c i e n t  evidence ( i n c l u d i n g  names 
of persons  2nd t h e i r  o rgan iza t ions  and acaderntc qualifications, 
along wi th  a  ca lendar  of expected a t t a inment )  be provided . 
i n d i c a t i n g  t h a t  I e r s z n s  w i l l  be s u f f i c i e n t l y  a b l e  t o  o p e r a t e  
ecd f u r t h e r  &opt the  nodel by J u l y  1, 1976. 

4. A r t i f  ic is l  P r c p ~ g a t i o n  of Milkf ish  2nd Fish  Enclosure  Develop- 
ment (New)-Ocernf c  Foundation, 3z:r'aii. Duration: 3 year$;  
' t o t a l  est im.ted ccs t ,  $450, OCC). Wittnabert ,  Aclans, Ludington, . 
Schveiger t. 

m. Recom.enda t i cn :  i n=  t p r o j e c t  be' approved w i t h  t h e  fo l lowing  
provisos :  (1) eke enclosures  work be de le ted ;  (2) t h e  p r o j e c t  
desfzn should 're s e r i o u s l y  rzvie::ed by t h e  AID s taEf ;  (3) 
3 u l l z t t  b r e 2 i n g  Se c ~ r r i e c !  t o  i t s  n a t u r a l  conclus ion;  and 
( L )  t>e p z a j ~ c :  b e  c l o s e l y  z o n i t o r ~ d  inc lud ing  p e r i o d i c  s i te  
visits and cor;i.prskensivc revie:<s a t  the 18 mc-fith and t h e  32  
i;lonth p o i n t s  of p r o j e c t  l i f e .  

REST .4VAILABLE COPY . 



Pro3 ec t  Review 

m i c u l t u r e  

~ r t i f i c i a l  Propagation- of Milkfish and Fish Enclosure 

Development -- Oceanic Foundation, Hawaii 

Mr. 'Frederick Wittnebert,  Chairman of t h e  Subcommittee composed of 
D r .  Adams, M r .  Ludington, and D r .  Schweigert, made the  following - 
~ z p o r t .  It should be noted t h a t  a revised Project  Statement has 
been submftted t o  t he  RAC under a changed t i t l e  as indicated above. 
Mr. Wittnebert reviewed some background i n  t h e  f i e l d  of acquaculture, 
through the  recommendations of t h e  Consultative Group i n  1973, t o  
t h e  Oceanic Foundation proposal submitted t o  A I D  i n  1974. 

The Subcommittee review indicated t h a t :  (1) A majclrity agreed t h a t  
there  was grea t  po ten t ia l  fol  gain i n  t he  broad area of aquaculture 
-R&D; (2) t h i s  proposal was deemed t o  be-def ic ien t  i n  various respects:  
(a )  t he  scope and work plan,  ( b )  t he  supporting information provided, 
and ( c )  t h e  proposed contractor.  The project  c r i t i c i sms  were com- 
municated t o  t he  A I D  Office of Agriculture with a meeting held 
October 6, 1974 t o  review these  cr i t ic isms with t h e  proposed pro jec t  
leader, D r .  Colin Nash, of t h e  Oceanic Foundation. The meeting was 
held i r  t h e  o f f i ce  of D r .  Adems i n  Wilmington, Delaware and included 
Dr.  Leon Hesser, D r .  Colin Nash and M r .  Wittnebert. D r .  Schweigert 
and It+. Ludington were inviteri but were unable t o  at tend.  The proj  e c t  
statement was  withdrawn f o r  thepurpDse of making improvements i n  
t h e  presentation for  t h i s  October RAC meeting. The 'revised proposal 
is t h e  r e s u l t  of t h i s  e f fo r t .  The indicated modifications w i l l  l i m i t  
t h e  main t h r u s t  of t h e  project  t o  t h e  development of a capabi l i ty  fo r  
producing, i n  cap t iv i ty ,  miikfish spec i f ica l ly  and w i l l  include a 
provision for  t he  establishment i n  t h e  f i e l d  of a "seed-stock" 
producing and d i s t r ibu t ing  p i l o t  operation -- a l l  with t h e  view t o  
sa t i s fy ing  i n i t i a l l y  t he  Phi l ippine 's  milkfish farming needs fo r  
such a capabil i ty.  Additionally, t h e  revised proposal may include 
provision for :  (1)  wrap-up work on t h e  development of a mullet 
breeding capabi l i ty ,  and ( 2 ) open-water enclosure development work. 

Mr. Wittnebert reported on h i s  v i s i t  t o  .the Auburd University aqua- 
cu l tu re  a c t i v i t i e s ,  t he  Central Luzon S t a t e  University, and h i s  
br ief ing by t h e  Phil ippine Government people concerning t h e i r  food 
needs. He concluded t h a t  (1) the  Philippines already have a sub- 
stmtial subsistmce-type milkfivh pond farming operation, (2 )  t h e  
government i s  keenly interes ted i n  expanding t h a t  operation,  
and (3)  t h i s  objective is being severely hindered by l imita t ion8 
i n  t h e  supply of t h e  necessary milkfish f inger l ings ,  which cannot 
na =-~t 3 n  rnised i n  c a ~ t i v i t y  a d  the  n a t G a i  supply i s  being 



d i s t r i b u t e d  a t  p r o h i b i t i v e l y  high p r i ces .  Hence t h e  need f o r  t h e  
development of t h e  sub jec t  proposa 1. 

Suhcommittee review of the  r ev i sed  proposal  shows improvement, but  
c e r t a i n  ques t ions  s t i l l  remain: (1)  Where does t h e  mul le t  breeding 
work now s tand?  What must y e t  be done t.3 g e t  i t  t o  a f ish-farm 
'supply;. p i lo t - s t age?  Why should t h i s  n o t  be done before  mi lk f i sh  
breeding work i s  undertaken? ( 2 )  What exac t ly  w i l l  be  t h e  n a t u r e  
of t h e  l inkages  made with Auburn and Rhode I s l and ;  and t h e  
Rockefel ler  Foundation? (3)  Who e l s e  has  done work on breeding 
these  k inds  of b rack i sh  water f i s h ?  Why should t h i s  type of work 
n o t  be done by them? Addit ional ly,  a major i ty  of t h e  Subcommittee 
favored d e l e t i o n  of t h e  enclosure development work on t h e  b a s i s  of 
i t s  being i r r e l e v a n t  and too i n  depth. 

D r .  Adams s t a t e d  t h a t  he wished t o  express  a philosophy based on 
10 y e a r s  of work i n  aquacul ture  and 5 yea r s  of ope ra t ing  a mul l e t  
hatchery. There i s  undoubtedly a p o t e n t i a l  f o r  t h e  development 
of a u l t u r e .  methods f o r  marine and brackish  water f i s h ,  , but  t h e  
magnitude, t h e  species ,  and t h e  geographic loca t ion  a r e  b ig  ques- 
t i ons .  However, he agreed t h a t  some p u b l i c  e f f o r t  could wel i  be 
pu t  i n t o  t h i s  a rea .  Areas of confus ion  include:  (1)  Overse l l :  
they w i l l  never c o n t r i b u t e  more than 20% of t h e  w o r l d l s  p r o t e i n  
needs; (2)  Time and d o l l a r  t rade-of fs :  t h i s  i s  p o s s i b l e  only witli- 

' i n  narrow l i m i t s ;  n a t u r a l  time m y  i n d i c a t e  t h t  less d o l l a r  
i npu t  over a longer t i m e  m y  be b e s t ;  (3)  Conf ' ic t  between t h e  
r e sea rch  and development phi losophies  : r e sea rch  d?s igns  ca LI focus  
on s p e c i f i c  answers, but  product ion r e q u i r e s  a sequence of s t e p s  a l l  
of which must be cont r ibutory :  (4) Economics: ~i:ocleling based on 
assumed parameters  may be of very l i m i t e d  v a l ~ e ;  t h i s  work should 
n o t  be o r i e n t e d  towards i n t e r n a t i o n a l  commerce, bu t  r a t h e r  sub- 
s i s t a n c e  farming; and ( 5 )  In t ens ive  ve r sus  extensive c o n t r o l s :  modify 
t h e  n a t u r a l  system a s  l i t t l e  a s  poss ib le .  

Dr. Adams agreed wi th  t h e  subcommittee cha i rmalt  s recommendations 
t h a t  t h e  cage-enclosure component was extraneous and open-ended, 
a bio-engineering problem which w i l l  never be completed t o  meet 
t h e  d i v e r s i t y  of condi t ions ,  and therefore ,  should be de le ted .  The 
mul l e t  p r o j e c t  should no t  be dropped, but  should be pushed through 
t o  p r a c t i c a l  opera t ion .  

Mr. Luddington commented on h i s  twenty y e a r s  of observing enthusiasm 
f o r  food programs which.subsequently f a i l e d  f o r  good and practical 
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reasons.  He recomnended t h a t  t h i s  p r o j e c t  be f u r t h e r  l i m i t e d  t o  
concen t r a t e  on a  s i n g l e  v a r i e t y  of  f i s h  wi th  fol low-through t o  
demonstrable f e a s i b i l i t y  f o r  commercial u t i l i z a t i o n .  S t eps  would 
inc lude :  (1)  demonstrated a b i l i t y  t o  g e t  f i s h  eggs on demand, (2)  
hatching,  (3) e f f e c t i v e  r a i s i n g  of f i n g e r l i n g s ,  and (4) l o g i s t i c s  
from bench top t o  p i l o t  p l a n t  t o  commercial s c a l e  product ion  
c a p a b i l i t y .  The mechanics of moving t h e  volumes of water  r e q u i r e d  
and t h e  supply of food r e p r e s e n t  s eve re  p r a c t i c a l  problems. 

Dr.  Schweigert  commented on f i s h  breeding a c t i v i t i e s  a t  UCLA 
where he h a s  been r e s p o n s i b l e  f o r  coo rd ina t ing  t h i s  work f o r  t h e  
p a s t  f o u r  years .  The r h e t o r i c  on t h e  p o t e n t i a l  impact h a s  been 

.overdone. There i s  need f o r  a  wide d i v e r s i t y  of r e l a t i v e l y  r a r e  - 

t e c h n i c a l  s k i l l s  t o  be focussed  on t h e  marine problems. The 
enc losu re  system may be a  s e q u e n t i a l  a s p e c t  t o  fo l l ow  t h e  demon- 
s t r a t i o n  of c a p a b i l i t y  f o r  producing t h e  j u v e n i l e  f i s h ,  n o t  a  
m j o r  r e s e a r c h  e f f o r t ,  and should be p u t  on hold f o r  t h e  i n i t i a l  
p r o j e c t .  A s  a  f u n c t i o n  o f . b a s i c  assumptions he  b e l i e v e s  t h a t  t h e  
p r o j e c t  i s  n o t  too  wel l  designed s c i e n t i f i c a l l y .  He recommends 
hold ing  t h e  p r o j e c t  t o  3  y e a r s  w i th  a n  i n t e n s i v e  rev iew and a  s i t e  
v i s i t  b e f o r e  f u r t h e r  work i s  au thor ized .  

Dr.  Heady po in t ed  o u t  t h a t  t h e r e  a r e  i n c o n s i s t e n c i e s  i n  t h e  budget  
p r e sen t a t i on .  D r .  M i  l n e r  asked how many p o s s i b l e  c o n t r a c t o r  groups . . 
a r e  t h e r e ?  

Dr; Hesser i n d i c a t e d  t h a t  TA/AGR i s  seeking a  t e c h n i c a l  s p e c i a l i s t  
i n  aquacu l tu re  f o r  t h e i r  s t a f f ,  and apologized f o r  t h e  l a t e  sub- 
miss ion  of t h e  r e v i s e d  p r o j e c t  Statement.  The r ea sons  f o r  focus- 
s i n g  on m i l k f i s h  a r e  (1)  that t h e  m u l l e t  work of  t h e  Oceanic 
Foundation w i l l  probably r each  t h e i r  o b j e c t i v e s  by June  under 
o t h e r  f inanc ing ,  (2 )  t h e r e  i s  a  h igh  degree of i n t e r c h a n g e a b i l i t y  
between t h e  m i l k f i s h  and mul le t ,  and (3)  t h e  m i l k f i s h  i s  irnport- 
a n t l y  r e l a t e d  i n  t h e  P h i l i p p i n e s  t o  t h e  work of  Auburn f o r  t h p  
Mission. The I s r a e l i s  h ive  done work on b rack i sh  water f i s h  
breeding,  and t h e  Oceanic Foundation h a s  been i n  c l o s e  coo rd ina t ion  
wi th  t h i s  work. 

Dr. Long acknowledged concern f o r  t h e  n a t u r a l  parameters  i n  t h i s  
a rea .  He agreed  t o  d e l e t i o n  of t h e  enc losu re  work i n  view of  t h i s  
p r o j e c t  being reviewed a t  t h e  end of  3  y e a r s  i n  terms of  t h e  need 
f o r  such work. The milk-f ish-mullet  i s s u e  makes t h i s  p r o j e c t  . 

meaningful on ly  i n  con tex t  of o t h e r  work going 'on i n  p a r a l l e l .  
Th i s  r e s e a r c h  must be r e l a t e d  t o  o p c r a t i o n a l i z i n g  f a c t o r s .  I n  t h e  



Phi l ipp ines  the  work on mi lk f i sh  i s  most l i k e l y  t o  be a  srlcccss- 
- f u l  approach. There w i l l  be concent ra t ion  on the  p r a c t i c a  1 

aspec ts .  There i s  concern f o r  s t rengthening  t h e  emphasis on the  
e c o n o d c s  of aquacul ture  i n  the mmplex of con t rac tua l  and g r a n t  
work i n  t h i s  a rea .  A l l  evidence i n d i c a t e s  t h a t  t h e  product ion rtf 

f i n g e r l i n g s  i n  an  economic manner i s  a  key cons t r a in t .  This  t ~ h p i l c n s  
t o  be t h e  a c t i v i t y  i n  which t h e  Oceanic '~oundat ion  i s  s p e c i a l ]  z iug .  
They w i l l  be working i n  c lose  cooperat ion with t h e  Univers i ty  of 
Hawaii and t h e  F i s h e r i e s  Center. 

Motion: The RAC recommends t h a t  t h e  p r o j e c t  be approved w i t 1 1  tho 
fol lowing provisos:  (1 )  t he  enclosures work be de le l ed ;  
(2 )  t h e  p r o j e c t  design should be s e r i o u s l y  reviewed by 
t h e  A I D  s t a f f ;  ( 3 )  mul l e t  breeding be c a r r i e d  t o  i t s  
n a t u r a l  conclusion; and ( 4 ;  t he  p r o j e c t  be c l o s e l y  
monitored with comprehensive reviews based on s i t e  v i s i c s  
a t  t h e  18th month and t h e  32nd month p o i n t s  of p r o j e c t  
work. 

Moved by Wittnebert,  Seconded by Adams 

Vote : Unanimous approva 1. 
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Th i s  p r o j e c t  i s  d i r e c t e d  a t  removing two pr imary c o n s t r a i n t s  t o  develop- 
ment of  e f f i c i e n t  a q u a c u l t u r a l  i n d u s t r i e s ;  t h e  l a c k  cf: 1) e f f i c i e n t  
systems of p roduc t i on  of  j u v e n i l e  f i s h  t o  supply t h e  nece s sa ry  seed- 
s t o c k  f o r  f i s h  farming, and 2) low c o s t  and e f f e c ~ i v e  cages  o r  pens  f o r  
p roduc t i on  of f i s h  i n  e n c l o s u r e s  i n  open wate r  such a s  streams, l ake s ,  
e s t u a r i e s  and sea  she lves .  Because they  a r e  q u a n t i t a t i v e l y  more impor t an t  
i n  t h e  LDCs, and t h e  Oceanic Foundat ion 's  e x p e r t i s e  i s  more d i r e c t l y  2x0 
per ienced  w i th  them, t h e  sea-breeding, b r a c k i s h  wate r  s p e c i e s  w i l l  be  
g iven  t h e  most immediate a t t e n t i o n  i n  t h e  p r o j e c t .  ( S p e c i f i c a l l y ,  c e n t r a l  
a t t e n t i o n  w i l l  b e  g iven  t o  Mi lkf i sh ,  t h e  p r i n c i p a l  s p e c i e s  o f  t h e  P h i l i p -  
p i n e  a q u a c u l t u r a l  i n d u s t r y . )  P r e s e n t  a q u a c u l t u r e  p roduc t ion  r e q u i r e s  
c a p t u r e  of l i t e r a l l y  b i l l i o n s  of  t i n y  j u v e n i l e s  each y e a r :  a c o s t l y ,  
u n p r e d i c t a b l e  and ecologically d e s t r u c t i v e  p r a c t i c e  which t h e  p r o j e c t  s e e k s  
t o  make unnecessary,  Fo r tuna t e ly ,  t h e  sea  b reed ing  f i s h  a r e  t h e  more 
d i f f i c u l t  b i o l o g i c a l  models, so  a d a p t a t i o n  of f i n d i n g s  of  this s tudy  t o  
f r e s h  wate r  spec ies ,  by Oceanic Foundation o r  o t h e r  a q u a c u l t u r i s t s ,  shou ld  
b e  r a t h e r  easy. 

1 

F i s h  p roduc t i on  i n  mesh-like e n c l o s u r e s  i n  open w a t e r s  -- o f t c n  usins 
y s t e  m a t e r i a l s  a s  a  p r i n c i p a l  f e e d  supply -- h a s  been proved h i g h l y  
s u c c e s s f u l  exper imenta l ly ,  b u t  c o n s t r a i n e d  s e r i o u s l y  by l a c k  of in -  
expensive,  durab le ,  e n c l o s u r e s  conducive t o  p r o s p e r i t y  o f  t h e  f i s h .  
A r e l a t i v e l y  minor p o r t i o n  of t h i s  p r o j e c t  w i l l  b e  d i r e c t e d  a t  removing 
t h i s  c o n s t r a i n t .  

The s t a f f  and r e s e a r c h  approach a r e  i n t e r d i s c i p l i n a r y ,  and t h e  p r c j e c t  
w i l l  b e  ve ry  c l o s e i y  i n t e g r a t e d  w i th  work a t  Auburn and Rhode I s l a n d  
U n i v e r s i t i e s ,  and w2th qa j o r  A I D  s jonsored  LDC a q u a c u t t u r a  1 programs. 

*See a t t a c h e d  f o r  d i s c u s s i o n  of  t h e  budget. 
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The p r o j e c t  w i l l  be thoroughly reviewed a t  t h e  end o f  18  m n t h s  and 32 
months, with no commitments f o r  suppor t  beyond 24 months and 36 months 
un le s s  confirmatory a c t i ~ n  is taken by A I D  a t  t he  r e s p e c t i v e  reviews. 

B. EXE'ANDED NARRATIVE STATEMENT 

BACKGROUND INFORMATION 

F i s h e r i e s  a r e  one o f  t he  few food-producing i n d u s t r i e s  whose growth r a t e  
has kep t  ahead o f  t h e  r a t e  of popula t ion  i n c r e a s e  s i n c e  World War 11. 
In o r d e r  t o  maintain p resen t  p e r  c a p i t a  consumption, however, f i s h  
product ion w i l l  have t o  reach 107 m i l l i o n  tons  annual ly by 1985. I f  
consur,~ption i n z r e a s e s  a r e  to be s u s t a i n e d  wi thout  i r r e p a r a b l y  d e p l e t i n g  
s tocks  and e n d a g e r i n g  p r i z e d  spec ie s ,  much g r e a t e r  r e l i a n c e  must be  
p l aced  upon c o n t r o l l e d  f i s h  product ion (aquacul ture)  a s  'an eve r - inc reas ing  
conplement t o  w i l d  f i s h  capture .  

- - 

Fish  supply about 10 percent  of  t h e  animal p r o t e i n  and t h r e e  p e r c e n t  o f  
t h e  t o t a l  p r o t e i n  i n  human 'd ie t s  worldwide. However, whi le  i n  "high- 
c a l o r i e  coun t r i e s "  it c o n s t i t u t e s  6.7 p e r c e n t  o f  animal p r o t e i n  s u p p l i e s ,  
i n  "low-calorie coun t r i e s "  ( i . e . ,  t he  LDCs) it s u p p l i e s  2 1  pe rcen t .  I n  
p a r t s  o f  Southeast  Asia,  f i s h  c o n s t i t u t e  a major source of  animal p r o t e i n  
i n  the  d i e t s  o f  many pepple -- 50 p e r c e n t  o r  more i n  most c o u n t r i e s  o f  
t h e  a r e a  -- whereas i n  o t h e r  p a r t s  o f  t he  world,  such a s  t h e  Balkans, 
Cen t ra l  America, t h e  Near Eas t ,  and landlocked c o u n t r i e s  l i k e  Bo l iv i a ,  
Paraguay, Ne?al, Afghanistan and m m x t  o f  t h e  ~ a h e l i a n  c o u n t r i e s ,  f i s h  
o f t e n  r e p r e s e n t  a s  l i t t l e  a s  one p e r c e n t  o f  a l l  animal p r o t e i n  consumed. 
I n  many coun t r i e s ,  aquacul ture  has u n t i l  r e c e n t l y  been a l l  b u t  unknown, 
but in none a r e  t h e r e  insuperable ,  *long-term b a r r i e r s  to its development. 

T o t a l  world f i s h  product ion* i n  1971 was 69.7 mi l l i on  m e t r i c  t o n s  (m.m. t )  
an inc rease  of  over  350 pe rcen t  s i n c e  1948. I n  1972 t h e r e  was a . s l i g h t  
dec l ine  t o  63.6 mmt.  In land  waters  supp l i ed  9.5 m m t ,  o r  nea r ly  14 p e r c e n t  
o f  t he  world harves t .  About 63.7 pe rcen t  o f  t o t a l  product ion is used 
d i r e c t l y  f o r  human food, and 36.3 pe rcen t  is converted i n t o  f ishmeal ,  o i l  
or f o r  uses  such a s  f i s h  f l o u r ,  margarine, cooking f a t s ,  i n d u s t r i a l  uses  
and l i v e s t o c k  and p o u l t r y  feed.  

The world ' s  s i x  l a r g e s t  f i s h  prodhcers  i n  1972 were*; 1) Japan 10.248 m m t . ,  
2) Russia 7.756 m m t . ,  3) China (mainland). 7.574 r m n t . ,  4) Peru 4.768 m m t .  , 
5) Norway 3.163 mmt.,and 6)  USA 2.650 mmt .  Next i n  o r d e r  o f  importance 
are seven developing coun t r i e s ;  1) Korea (nor th  and south)  2,139 
mt., 2) Thai land 1.679 mmt.  , 3) I n d i a  1.637 mt., 4) Ch i l e  1.487 m m t .  , 

*The s t a t i s t i c a l  information i n  t h i s  s e c t i o n  wag obta ined  l a r g e l y  from the  
1972 Yearbook o f  F i s h e r i e s  S t a t i s t i c s ,  Volume 34, FAO-UN, and from "A 
FToposal f o r  t h e  Crea t ion  o f  an I n t e r n a t i o n a l  .Center f o r  Living Aquatic 
Resource Management" prepared by john A. P ino  o f  t h e  Rockefe l le r  Foundation 
i n  May, 1974. 
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5) Indonesia  1.268 mmt . ,  6 )  Ph i l ipp ines  1.149 mrnt., and 7) Vietnam (nor th  
and south)  1.078 mmt.  

F i sh  product ion i s  the  cheapes t  and n u t r i t i o n a l l y  one o f  the  h i g h e s t  
q u a l i t y  sources o f  animal p ro te in .  The p r o t e i n  con ten t  o f  f i s h  is com- 

e p a rab le  t o  t h a t  of beef ,  pork, and lamb, and it is an  e x c e l l e n t  sou rce  of 
calcium. But most impor tant ly ,  f i s h  product ion has an unmatchable feed- 
conversion r a t i o .  In s t e e r s ,  1 ,a00 grams o f  feed produce a weight  ga in  
o f  163 grams; the  r a t e s  of gain wi th  chicken f l e s h  a r e  s u b s t a n t i a l l y  b e t t e r .  
But wi th  t i l a p i a ,  c a t f i s h  and probably many unexplored types of  f i s h ,  t h e  
weight gain approaches 1,000 grams -- i . e . ,  a 1:l r a t i o  o f  f l e s h  t o  feed. 

! 
Long-range demand out look f o r  f i s h  is d i f f i c u l t  t o  p r e d i c t .  P r e s e n t  
consumption p a t t e r n s  z r e  h igh ly  country and c u l t u r e  s p e c i f i c ,  w i t h  an 
important  f a c t o r  be ing  h i s t o r i c  a v a i l a b i l i t y  o f  supp l i e s .  Experience is 
t o o  l i m i t e d  f o r  conclusions on t?e degree o f  a c c e p t a b i l i t y  of  f i s h  i n  
previous ly  non-fish e a t i n g  s o c i e t i e s ,  b u t  does sugges t  a f f i r m a t i v e  responses. 
The demand out look is  encouraging. Income e l a s t i c i t i e s  o f  demand f o r  l i ve -  
s tock  products  i n  LDCs a r e  high. With i n c r e a s e s  i n  t h e  p r i c e  of conventional  
l i v e s t o c k  products ,  high q u a l i t y  p r o t e i n  sources  such a s  f i s h  becomes more 
a t t r a c t i v e  -- p a r t i c u l a r l y  among low-income consumers. Furthermore, per 
c a p i t a  f i s h  s u p p l i e s  from conventional  capture  sources  may be expected t o  
decrease and t h e i r  r e l a t i v e  product ion c o s t s  t o  inc rease .  

SIGNIFICANCE TO AC;ENCY GOALS - 
The high p r i o r i t y  given by t h e  Agency t o  improved n u t r i t i o n ,  p a r t i c u l a r l y  
o f  low inmme qroups, needs no r e i t e r a t i o n .  Development o f  h igh ly  
e f f i c i e n t  aquacu l tu ra l  systems very d i r e c t l y  and impor tant ly  s e r v e s  t h a t  
ob jec t ive .  Properly designed, it has  important  a d d i t i o n a l  va lues  o f  key 
importance t o  t h e  Agency. F i r s t ,  it is extremely land  i n t e n s i v e ;  
product ion as high  as 24,900 as. of fish p e r  a c r e  has  been achieved. 
(And t h i s  p r o j e c t ,  though suppor t ive  of such .pond c u l t u r e ,  focuses on 
product ion on l and  s p a c e e s s e n t i a l l y  completely unused f o r  food product ion  -- 
t h e  streams, e s t u a r i e s ,  and s e a  she lves . )  Also, aquacul ture  is  normally 
h igh ly  l a b o r  in t ens ive .  I t  can be -- though is n o t  au tomat ica l ly  -- 
r e l a t i v e l y  c a p i t a l  ~ i n t e n s i v e .  I t  w i l l  be t h e  goal  of t h i s  p r o j e c t  t o  
f u r t h e r  t h i s  l a t t e r  o b j e c t i v e  i n s o f a r  a s  t h e  research  has  any d i f f e r e n t i a l  

. . imp l i ca t ions  i n  t h i s  r e spec t .  The Agency has  r e c e n t l y  focused research  
and program a t t .en t ion  on the  economic a spec t s  o f  aquacul ture .  Research i c  
c u r r e n t l y  underway on t h e  economic f e a s i b i l i t y  o f  d i f f e r e n t  f i s n  spec ie s  
i n  var ious  LDCs. Cen t ra l  t o  these  i n v e s t i g a t i o n s  i s  concern f o r  c o s t  and 
r e t u r n  s t a t i s t i c s ,  c a p i t a l  i n t e n s i t y  , consumer denrand f o r  the  product  and 
i n s t i t u t i o n a l  n e c e s s i t i e s  f o r  s u c c e s s f u l  aquacul ture  i n  the LDCs. 



F i n a l l y ,  a t  the  oppos i t e  extreme from most forms o f  1i.vestock product ion ,  
f i s h  farming systems can be h igh ly  suppor t ive  o f  e c o l o g i c a l  va lues ,  v i a  
t h r e e  r e l a t i o n s h i p s .  

1. Inc reas ing ly ,  f i s h  product ion systems a r e  be ing  b u i l t  on waste  
m a t e r i a l s  a s  primary feed sources ,  ranging  from t h e  normal o r g a n i c  
r e s idues  i n  contaminated s treams t o  animal ( inc lud ing  f i s h )  excrements,  
and o t h e r  o rgan ic  byproducts . Conversely, such wastes  from o t h e r  animals  
are a p r i n c i p a l  source  o f  environmental contamination. 

2. Pond f i s h  product ion is  a concomitant of  good s u r f a c e  wa te r  manage- 
ment designed f o r  e ros ion  c o n t r o l  and o t h e r  conserva t ion  purposes. 

3. By i n c r e a s i n g  animal p r o t e i n  product ion on a h igh ly  land  i n t e n s i v e  
b a s i s ,  aquacul ture  can r e m v e  p res su re  o f  over-grazing by l and  animals ,  a 
most d i r e c t  sdur& o f  e c o l o g i c a l  d e s t r u c t i o n  i n  most LDCs. 

- The major component o f  t h i s  p r o j e c t  i s  t o  develop e f f e c t i v e ,  c o n t r o l l e d  
means o f  producing the  young f i s h  upon which mature f i s h  product ion e n t e r -  
p r i s e s  must be  based. The l ack  o f  an adequate,  p r e d i c t a b l e  supply o f  
juveni le  f i s h  i s  probably t h e  most s e r i o u s  t e c h n i c a l  b a r r i e r  t o  r a p i d  
expansion o f  f i s h  product ion.  P r e s e n t  f i s h  farming p r a c t i c e  i s  l a r g e l y  
based on c o l l e c t i o n  o f  wi ld  juven i l e s  from n a t u r a l  sou rces ,  a c o s t l y ,  
unpredic tab le  and u l t ima te ly  d e s t r u c t i v e  approach. It is es t ima ted  t h a t  

' t h e  annual product ion o f  2,000 m e t r i c  t ons  o f  mature giey mul l e t  i n  Taiwan 1 
. involves  an annual c o l l e c t i o n  o f  ~ 0 , 0 0 0 , 0 0 0  juven i l e s  from c o a s t a l  waters .  

Japari has se': an annual  ca t ch  l i m i t  o f  31 m i l l i o n  juveni le  ye l lowfish ;  a 
- similar l i m i t  on young e e l  ca t ch  has  caused Japanese e e l  farmers t o  scour  

t h e  world f o r  seedstock.  Co l l ec t ion  of  Milkfish juven i l e s  by such c o u n t r i e s  
as t h e  Ph i l ipp ines ,  Indonesia  and Taiwan i s  enormus ,  es t imated  a t  160 
m i l l i o n  p e r  yea r  f o r  Taiwan alone. Crude c a l c u l a t i o n  sugges t s  t h a t  t h e  
modest goal o f  doubling farm f i s h  product ion,  t o  some 15 mi l l i on  tons  per 
yea r ,  might r equ i re  capture  o f  some 100 b i l l i o n  juven i l e s  p e r  y e a r ,  under 
t h e  o p t i m i s t i c  assumption o f  a one-third s u r v i v a l  r a t e  t o  matur i ty .  
Natura l  popula t ions  unquest ionably cannot  s u s t a i n  juveni le  ca t ches  o f  t h i s  
magnitude . 
DESCRIPTION OF THE PROJECT 

A. Juven i l e  F ish  Product ion 
. 

Although an i n t e r r e l a t e d  q e t  o f  r e l a t i o n s h i p s  is  involved,  t h e  t e c h n i c a l  
c o n s t r a i n t s  to managed juveni le  f i s h  product ion f a l l  i n t o  two c a t e g o r i e s  : 
t hose  which cause the  p a r e n t  f i s h  t o  reproduce only  i n  t h e  s e a ,  and those  
which cause excess ive  mor ta l i t y  o f  very young f i s h  l a r v a e  (o f t en  as high 
as 99.8 p e r c e n t ) .  The f i r s t  category o f  problems must be so lved  i f  t h e  
brood f i s h  a r e  t o  reproduce under man-controlled condi t ions .  This  is ' 

necessary to s o l u t i o n  of  t h e  second category of  problems -- o r  indeed t o  
any k ind  of product ion o f  seedstock f i s h  i n  c a p t i v i t y .  

1 



Research, largely by the pr incipals  of t h i s  project ,  primarily with mullet 
species,  has gone a long way toward es tabl ishing f e a s i b i l i t y  of solv*ing 
the f i r s t  type problem. They have been able t o  induce spawning over much 
longer than normal periods by manipulating such external  environmental. 
parameters as  water q u i l i t y  , d i e t ,  hygiene, temperature, s a l i n i t y  and 
l i gh t .  Sa l in i ty  alone appears t o  be the pr incipal  factor  causing f i sh  to  
go t o  sea  f o r  breeding purposes. Regularly induced spawning has been 
achieved by use of salmon hormones. The invest igators  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 i n  the 
p i tu i t a ry  gland and t o  stimulate gonads t o  time controllable maturity. 
This study would c l a r i fy  those variables i n  quant i ta t ive  re la t ionship t o  
t h e i r  e f fec t s  on reproduction. Once these relationships can be su f f i c i en t ly  
understood and controlled, continuous f i s h  larvae production systems can 
be established. 

Similarly,  the pr incipals  i n  the project  and others have made considerable 
- s t r i d e s  toward understanding the biological  mechanisms, and t h e i r  re la t ion-  

ships to environmental factors ,  wkich r e s u l t  i n  the extremely high mortali ty 
r a t i o s  of f e r t i l i z e d  eggs and f i sh  larvae. Relationships t o  larvae survival 
of a large number of var iables  -- especial ly  temperature, s a l i n i t y ,  pH, 
oxygen, l i g h t  and food supply -- have been observed and catalogued. The 
pr incipals  i n  t'le project  have observed a key variable t o  be the osmo- 
regulatory system of the larvae,  by which body f lu id  balances are  maintained. 
In fac t ,  it would appear t h a t  several  of the o ther  noted variables are 
associated with survival  not so  mch d i r ec t ly  a s  y& t h e i r  e f i z c t  on body 
f lu id  supplies. Clearly quanti ty and tyge of food intake and s a l i n i t y  of 

. the  environmental water have d i r e c t  bearing on body f lu ids  during the f i r s t  
c r i t i c a l  days when the larvae are unscaled and most mortali ty is effected.  
Simply s ta ted ,  it is  t h e i r  hypothesis t h a t  it is primarily through finding 
means of  supplying "drinking water" of the r i gh t  types and quant i t i es ,  
through the r igh t  means and a t  the c r i t i c a l  times tha t  the excessive 
mortali ty can be reduced. 

An important component ~f e f f o r t  w i l l  be f i sh  breeding, t o  develop brood 
f i sh  of propensity toward higher larvae survival r a t e s  'and other good 
breeding qua l i t i e s .  Hedlth and. hygiene factors  w i l l ,  of course, a l so  require 
rigorous cdntrol  and study. 

I f  the two s e t s  of  problems out l ined above can be solved, controlled 
production o f  juvenile seedstock f i sh  can be made a r e l a t i ve ly  modest cost  
component of the e n t i r e  aquacultural enterpr ise .  The numbers of larvae 
produced per f i sh  are  so enormous t h a t  the numbers of brood f i sh  required 
f o r  continuous production would be re la t ive ly  small. Also, rearing of 
larvae to the s i ze  now normally captured as f i sh  stock would require 
re la t ive ly  modest scale  f a c i l i t i e s  i n  re la t ionship t o  the- ultimate mature 
f i sh .  production enterprisq.  



The study w i l l  a l s o  concerp i t s e l f  with hardiness  and o t h e r  f a c t o r s  
t e l a t e d  t c  the mor ta l i ty  dnd performance of the  juveni les  through d e l i  vcry 
t o  f i s h  f a m r s  and subsequent production a c t i v i t i e s .  

The work w i l l  necessa r i ly  be i n t e r d i s c i p l i n a r y ,  r equ i r ing  con t r ibu t ions  
o f  pa tho log i s t s ,  g e n e t i c i s t s ,  engineers  and o t h e r  s p e c i a l i s t s ,  provided 
by t h e  Oceanic Foundation on a part- t ime b a s i s  t o  the  p r o j e c t .  

B. Enclosures f o r  Open Water F ish  Production 

Although s u b s t a n t i a l  aquacul tura l  development i n  ear then  c losed  water 
enclosures  such a s  man-made o r  n a t u r a l  ponds can be a n t i c i p a t e d ,  c u l t i v a t i o n  
of  f i s h  i n  cages and'pens i n  open water, such a s  r i v e r s ,  e s t u a r i e s  and 
c o a s t a l  she lves ,  a l s o  has g r e a t  promise. Each s a t i s f i e s  a d i f f e r s n t  need, 
is based upon d i f f e r e n t  resource a v a i l a b i l i t i e s  aml w i l l  probably f e a t u r e  
d i f f e r e n t  types  o f  f i s h .  Although impossible t o  p r e d i c t ,  c e r t a i n l y  the  
p r o b a b i l i t i e s  favor g,rowth o f  open water  c u l t i v a t i o n  a s  be ing  q u a n t i t a t i v e l y  
t h e  more important.  - - 

Many a reas  o f  p o t e n t i a l  fo r  f i s h  production e x i s t  a s  open bodies o f  water, 
i n  e s t u a r i e s ,  bays,  s t reams,  l a r g e  l akes  and c o a s t a l  she lves ,  where 
permanent cons kruct ion i s  uneconomic and o f  ten impossible. Conversion to 
concentrated f i s h  production o f  these  wetlands ' a s  e n t i r e  bodies in t roduces  
g r e a t  t echn ica l  and economic proble'ms and i n  some cases  would l e a d  t o  
eco log ica l  imbalance and adversely in f luence  the  o f f shore  f i s h e r i e s  which 
depend on these  a reas  f o r  b a s i c  l i n k s  i n  the  food chain. Use of  s imple 
cages and pens a s  f i s h  enclosures  i n  these water  a reas  cari, however, be 
h ighly  productive i n  terms of y i e l d  o f  f i s h .  In  some of t h e s e  a r e a s ,  
organic  r e fuse  and l i v e  growth p o l l u t i n g  the  waters  se rve  a s  a major feed  
source f o r  s u i t e d  f i s h  species .  Moving water ,  e s p e c i a l l y  , serves  t o  b r i n g  
such food and oxygen t o  the  f i s h  and t o  remove the  wastes in imica l  t o  t h e i r  
growth -- thus  reducing eco log ica l  and enviror,mental problems. 

Excel lent  r e s u l t s  have been obta ined  i n  experimental  production o f  var ious  
aquacul tura l  spec ies  i n  a v a r i e t y  o f  types  of  cages i n  open water.  But a 
cons tant  c o n s t r a i n t  to commercial adoption o f  the  p r a c t i c e  has been lack  

. of such a r t i f i c i a l  enclosures  having a l l  the c h a r a c t e r i s t i c s  necessary t o  
economic use. These inc lude:  low c o s t ,  d u r a b i l i t y ,  freedom from fou l ing  
wi th  excrement o r  undesirable growth, a d a p t a b i l i t y  t o  varying condi t ions  , 
etc. E l e c t r o n i c  and chemical b a r z i e r s  have a l s o  been explored. D r .  Colin 
  ash' and s t a f f  engineers  have done landmark work on enclosure  design,  

. working very c lose ly  with researchers  i n  t h i s  f i e l d  from Europe and Japan. 
A r e l a t i v e l y  minor propor t ion  o f  the  research  p r o j e c t  would be devoted t o  
expanding this work, d i r e c t i n g  it t o  those  spec ies  and s i t u a t i o n s  wi th  
which AID aquacul tura l  e f f o r t s  become involved. 

f i e  design o f  pens and enclosures  w i l l  concentrate  on the  t h r e e  main 
f a c t o r s  of concern. ~ h e s d  are: 



Husbandry fac to rs ,  (such a s  n u t r i t i o n a l  needs, predator  
control  , behavior and harves t ing methods) 

Environmental f ac to rs  (such a s  bio-fouling r a t e s ,  r e s i s -  
tance t o  weather, ecological  impacts) 

Economic fac to rs  (such a s  cos t  t o  const ruct  and deploy, 
a v a i l a b i l i t y  o£ mate r i a l s ,  cos t  t o  r epa i r  and maintain, 
l i f e  expectancy) 

Any engineer i rg  so lu t ion  must s a t i s f y  a l l  the  requirements implied i n  
these factors ,  recognizing t h a t  a l l  th ree  are  highly i n t e r ac t i ve ,  For 
example,the economic f ac to r  of materials/cost  must be balanced aga ins t  
the  environmental f a c t a r  of  bio-fou:.ing. The cheapest mater ia l  i s  of 
l i t t l e  value i f  it is a t t r a c t i v e  t o  foul ing organisms o r  i f  it re leases  
t ox i c  chemicals o r  meta l l i c  ions  i n t o  the  environment, nor the  b e s t  
mate r ia l  re levant  i f  unavailable o r  priced o u t  of the  reach of the  
ordinary f i s h  farmer. 

Pa r t i cu l a r  a t t en t i on  w i l l  be paid t o  the  t e s t i n g  of low cos t  mater ia ls  
readi ly  avai lable  i n  t r op i ca l  and sub-tropical  regions, e . g. , l o c a l  
timber, galvanized ne t t i nq ,  f i s h  net t ing.  A key focus w i l l  a l s o  be on 
simple construction techniques manageable by t yp i ca l ,  small s c a l e  LDC 
producers. 

GENERAL OUTLINE OF PROJECT ACTIVITIES 

Year 1 - Se l ec t  su i t ab l e  broodstock. 

- C o m n c e  co l lec t ion  of physiological  da ta  on 
reproductive cycles,  i den t i f y  s t ages  of  eggs 
and sperm. 

- - Observe f i r s t  react ions  t o  hormones, p a r t i c u l a r l y  
salmon p i t u i t a r y  gonadotropin as  i nd i ca to r ,  and 
test  aga ins t  it hormones from humans and pregnant 
mares, serum, Synahorin , and ce r t a i n  s t e ro id s  . 

- Study osm-regulatory mech.anisms, r e l a t i n g  t o  
f l u i d  balance and surv iva l  of larvae .  

- Develop l a r v a l  rear ing techniques following 
successful  incubation of any f e r t i l i z e d  eggs 
obtained. 

- Iden t i fy  individual  brood f i s h  react ing wel l  t o  
in jec t ion  and with high qua l i ty  eggs or sperm. 



Year 2 

- Further  the  biochemical s t u d i e s  on egg and sperm 
q u a l i t y .  

- Begin accumulation o f  d a t a  on d i sease ,  i d e n t i f i -  
c a t i o n  o f  b a c t e r i a  which contaminate eggs and 
l a rvae  i n  aquar ia ,  development of t e s t  con t ro l s .  

- @sign prototype enclosures following study o f  
ma te r i a l s  c h a r a c t e r i s t i c s .  

- Strengthen e x i s t i n g  l i n k s  with Auburn Univers i ty  
and Universi ty of  Rhode Is land.  V i s i t  U.S. A I D  
aquaculture p r o j e c t  . i n  Ph i l ipp ines ,  Tungkang . 

Fisher i e s  I n s t i t u t e  i n  Taiwan and survey Japan 's  
r e c e n t  progress i n  cage and pen const ruct ion .  

(Within th ree  months develop d e t a i l e d ,  time-phased 
wprk p lan  f o r  th ree  years .  ) - - - 
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- Extend the  work begun i n  t h e  f i r s t  year;  extend 
' s t u d i e s  o f  d isease .  

- Upgrade l e v e l s  o f  a c t i v i t y  i n  l a r v a l  r e a r i n g  
technology. 

- Formulate mass propagation techniques us ing 
c o n t r o l l e d  d a t a  following s t u d i e s  i n  f i r s t  yea r .  
i.e., l a r v a l  dens i ty ,  .food dens i ty ,  e t c .  

. . - Construct prototype pens and enclosures and t e s t  
aga ins t  engineering c r i t e r i a .  

- Exchange personnel  with Auburn Univers i ty ,  and 
apply results o f  the  f i r s t  y e a r  where app l i cab le  
to the US A I D  aquaculture p r o j e c t  i n  the  Ph i l ipp ines .  

(By the  end of 16th month, sub..ut r e p o r t  of  work t o  
d a t e  a s  b a s i s  f o r  18-month P r o i e c t  Review.) 

- Modify p;ogram a s  determined by 18-month Review. 
Tenta t ive  p lans  as l i s t e d  below. 

- Describe opera t iona l  procedures f o r  induced breed- 
ing ,  ou t  o f  season spawning, egg incubat ion  and 
l a r v a l  r e a r i n g  of  s p e c i f i c  t a r g e t  spec ies  . 



- Commence f u l l  s c a l e  i n  s i t u  t e s t i n g  of  enc losu res  -- 
and pens. 

- Design egg o r  j uven i l e  ' r ece iv ing  f i e l d  u n i t s .  

- Formulate methodology f o r  i d e n t i f i c a t i o n  and 
perhaps c o n t r o l  of  most l i m i t i n g  d i seases .  

- I n t e n s i f y  g e n e t i c  s t u d i e s  us ing  f i s h  of  known - I 
h i s t o r y  i n  terms o f  gametocyte q u a l i t y  and breed  
hybr id ize .  

(By end o f  30th month submit r e p o r t  f o r  review 
by end 32nd month f o r  dec i s ion  on whether p r o j e c t  
should be continued and, i f  s o ,  na tu re  of  work 
program. ) 

Years 4 & 5 - Continuat ion o f  r e sea rch  p r o j e c t s  determined by _ _  - - 
review. 

- I n t e n s i f i c a t i o n  o f  a l l  p r o j e c t s  i n  t h e  f i e l d ,  
s p e c i f i c a l l y  enc losure  cons t r c c t i o n  and demons t r a -  
t i o n  o f  cons t ruc t ion ,  and o f  j uven i l e  r ecep t ion  
u n i t s .  

CAPRBILITIES OF THE CONTRACTOR 

Oceanic Foundation's phys ica l  f a c i l i t i e s  a r e  modest b u t  adequate,  c o n s i s t -  
i n g  o f  a c l u s t e r  o f  wooden framed bu i ld ings  o f  var ious  s i z e s  a d j a c e n t  t o  
t h e  sea i n  Waimanalo, Hawaii. ' Its 3600 square f e e t  p r i n c i p a l  l abora to ry  
houses aqua r i a ,  l a r v a l ,  chemistry,  microbiology, his t 'ology,  microscopy and 
c o n t r o l l e d  water-temperature l a b o r a t o r i e s .  Other  b u i l d i n g s  con ta in  an 
e l e c t r o n i c s  lab, a photo-period s tudy l a b ,  o f f i c e  space,  l i b r a r y  and t r a i n -  
i n g  f a c i l i t i e s  . 

r .  H. Burr S te inbach ,  u n t i l  r e c e n t l y  Dean of t h e  Graduate School o f  Woods 
Hole Oceanographic I n s t i t u t i o n ,  s e r v e s  a s  P res iden t  c f  Oceanic Foundation. 
Dr .  Colin E. Nash, Ph.D., D i r e c t o r  o f  Research and D r .  Ching-Ming Kuo, Ph.D. , 
Head of  t h e  Aquaculture Divis ion ,  under whom t h e  r e sea rch  p r o j e c t  w i l l  be  
c a r r i e d  o u t ,  have ex tens ive  research  experience on t h e  problems addressed 
by t h i s  p r o j e c t .  They w i + l  be suppor ted  by o t h e r  r e sea rche r s  i n d i c a t e d  i n  
t h e  budget. (See attachnients f o r  d e t a i l . )  

LINKAGES AND UTILIZATION 
\ 

Increased  Agency emphasis on aquacu l tu ra l  development w i l l  involve  cont in-  
uing, e f f e c t i v e  working r e l a t i o n s h i p s  wi th  the  I n t e r n a t i o n a l  Aquaculture 
Center  a t  Auburn Univers i ty  ( t h e  world 's  premier  c e n t e r  o f  pond f i s h  
product ion)  t h e  Univers i ty  o f  Rhode I s l a n d  ( f ea tu r ing .  c o a s t a l  zone aqua- 
c u l t u r e  and f i s h  product ion  economics) and t h e  con t r ibu t ion  o f  t h i s  p r o j e c t ,  



should it be approved, t o  solving the indicated production problems. 
These three ins t i tu t ions  have been in  close contact, particularly in  
preparation of t h i s  proposal t o  focus on key constraints. Rockefeller 
Foundation is in  process of appointing aquacultural expertise t o  its 
s t a f f  t o  relate  t o  these three ef for ts ,  part icular ly th is  project. I t  
has not determined specifically its course of action as it wishes t o  
associate its e f fo r t s  with those of A I D ,  in  the combination of integrated ' 

- and complementary ac t iv i t i e s  which mutual judgment indicates most favorable 
t o  worldwide aquacultural development. Close coordinating mechanisms of 
the involved U.S. ins t i tu t ions ,  including Rockefeller Foundation, w i l l  be 

. developed upon conclusion of th i s  proposed contract. 

The LDCs'  i n t e res t  in  aquaculture is growing rapidly. Badly needed as an 
interacting guide to research, especially t o  identify constraints beyond 
technical production problems, is one o r  more aggressive country e f fo r t s  
a t  developing a major fish production industry. Such an e f fo r t  is underway 

. i n  the Philippines under the general technical assistance tutelage of 
Auburn University. This project w i l l  d i rect  i t s  f i r s t  attention a t  the 
species (Milkfish) most important i n  tha t  country. I f  economic or  market- 
ing problems become central,  we would hope t o  make Rhode Island's 
capabil i t ies  available. Brazil is developing, also with assistance from 
Auburn, a research and development center which Brazilians hope can be a 
center of support fo r  aquaculture i n  abutting countries i f  not, indeed, 
for  the continent. Colombia, Vietnam, Laos and Panama also have expressed 
desire for  assistance. India had begun to  develop major aquacultural 
research and development ac t iv i t i e s ,  with assistance from Auburn and Rhode 
Island, when our technical assistciice relationships were discontinued. We 
t r u s t  th i s  mdy be reini t iated.  

Rockefeller Foundation has expressed in teres t  i n  supporting a center i n  
F i j i  to  concentrate on problems character is t ic  of tha t  area. 

As these and other programs i n  the l e s s  developed countries proceed, and 
the i r  support needs from the indicated U.S. ins t i tu t ions  take shape, 
special coordinating arrangements should be developed. It is hoped tha t  
this may draw participation by other donor countries, especially those with 
special expertise such as Is rae l ,  Taiwan, Belgium, Japan and China. The 
Technical Advisory Committee to  the Consultative Group has undertaken 
special study of aquacultural opportunities and may i n  ti'me recommend a 
structured network of research an$ development. A t  such time, the programs 
of three mentioned U.S. aquacultural inst i tut ions can be major research and 
expertise building blocks of such a network. 

As mentioned, these three inst i tut ions w i l l  work together intimately.and 
with A I D  and Rockefeller Foundation t o  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- 
t ively, a very substantial  latticework of intercommunication and contact. 



  he p r i n c i p a l .  u t i l i z a t i o n  requirenrent is t h e  country-by-country e f f o r t  
of s e l e c t i n g  key o p p o r t w i t i e s  f o r  aquacu l tu ra l  development and t y i n g  
them appropr i a t e ly  f o r  t e c h n i c a l  suppor t  t o  thes,e i n s t i t u t i o n a l  e x p e r t i s e  
cen te r s .  TAB in t ends  to  i n v e s t  a major e f f o r t  i n  suppor t  o f  this e f f o r t ,  
p a r t i c u l a r l y  toward e f f e c t i n g  t h e  necessary i n t e g r a t i o n  o f  e f f o r t  and 
exper ience  among t h e  research  c e n t e r s  and between them as a group and t h e  
aquacu l tu ra l  programs of i n d i v i d u a l  LDCs . 



BUDGET 
* 

(Year-  Date Omitted) - , 

Expense Item 

Personnel . '$I of Time 
Colin E.  Nash, Ph. D. 0.2,g-t- 
Ching-Ming Kuo, Ph. D. 
Guy N.  Rothwell 
Patholog is t 
Rcscarch bss is tant  
Junior Enginecr 
Technician . 
Research Assistant 
Junior Geneticist 
Total 

Year 1 -- Year 2 

$ 5,000 $ 5,000 
20,000 20,000 

8,000 8, 000 
5,000 5,900 

11,000 11, ouo 
5,000 5,000 
9,000 9,000 

1'1, 000 11,000 
- - - ' 11,000 

74,000 85,000 
* .  

Fringo Benefits (10%) ; ' 7,400 ' 8, 500 
Total Personnel 81,400 93,500 

Supplie s 10,000 10,000 
' Overhead (62%) 56,700 64,200 
Equipment 20,000 20,000 
Travel 5,000 7,000 

Total $173, 100 $194,700 

Cage Construction 
Junior Engineer 
Supplie s 
Outside Contracts 

Year 3 Year 4 Year 

10, 000 10, OO( 
64,200 64,20C 

. , 20, 000 20, OOC 
10,000 10,000 

* Uudeet is as s;itnitted by Oceanic Foundation in proposal, i t  wi l l  be re-orier.'.ed to 

.$ A - * * - r * r l t ~ r r q l  Q r p h  iY 75 funding of $250,000, for three years at $450.,000 and f c r  ?iva 6 '  ---  --.. ,,+ +a n v r . m n ?  $87~. 000 
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Direc tor  of Research  
Colin E. Nash, Ph. D. 
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1 Nadine Taylor  ------- 

echnical W r i t e r  Environmental  Studies Div. - -- Aquaculture Division - ..  System Scicnccs Division 
5ane Ching-hiing Kuo, Ph. D. Joseph A. Hanson 

Resea rch  Ass is tants  Jong H. Lee,  Ph. D. Guy Rothwell 
Joscph R.Sylves ter ,  P h .  D. Stclphcn Kibakoff - Janis  Haraguchi S y s t c ~ n  Arlalyst 

I Rcscarch  Assistants  1 - Secretary 
Technicians c 

Maintenance 
Pa t r i ck  Nolan 

I 
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# - See Attached List. I 
* - H. Burr Steinbnch, Ph. D. , xi11 a s s u m e  Pres idency a s  of January  1, 1974. 
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Discussion of t he  Budget 

f o r  

E f f i c i e n t  Production oL F i s t .  Secd Stock i ~ n d  

Design of Open Water Enclosurcs 

The time schedule and amounts a r e  meant t o  be only sugges t ive  and 
prel iminary.  

A I D  has i n  mind a  proposed f i g u r e  of $470,000 t o  cover a  t h r e e  year  
program. An extension would be considered depending upon two f a c t o r s :  
(1) t h e  q u a l i t y  of research 'performed up t o  t h a t  poin t  ( t h r e e  y e a r s )  
and determinat ion of a  need f o r  f u r t h e r  research  and (2 )  a  cons ide ra t ion  
of whether the  program could be c a r r i e d  forward by o r g a n i z a t i c n s  o t h e r  
than AID. I 

There would be  a  r e p o r t  of a c t i v i t i e s  prepared a t  t h e  end of 16 months 
f o r  an  i n t e n s i v e  18 month review, and a  f u r t h e r  r e p o r t  a t  t h e  30th  

-month f o r  a  32ndmonth review. . . .. ~ 

I f  i t  should be determined t h a t  a n  extension i s  t o  be made, t h e  t o t a l  
amount would notexceed $870,000. The f i f t h  year,  i f  granted,  would be 
f o r  a  r e l a t i v e 1 9  small amount. 

The budget a s  submitted by the  Oceanic Foundation i s  intended t o  serve  
only t o  g ive  guidance a s  t o  types of persons involved. 

It i s  only che Oceanic Foundationf s  f i r s t  d r a f t  and i s  not  d e f i n i t i v e .  
A d e t a i l e d  work p l an  w i l l  be r equ i red  wi th in  t h e  f i r s t  t h r e e  months. 



- 2 -  

Project Fkview Report - RIGC (9/12/74) 

Project: Efficient Production of Seed Stock and Design of O p n  Water 
Fish Ehclosures - Oceanic Foundation, Waimanalo, Hawaii 

. Project Manager: Jams Urano, WAGR 

Discussion Highlights: 

Dr. Long called attention to a typographical error on the  front page 
of the Project Sta-t in that the Total Amunt for three years 
should read $450,000. This figure does nat agree with the proposed 
b d g e t  fol lwing page 11, but represents a r-ded level of 
expmditure which w i l l  need to be wrked out in de ta i l  and agreed 
upon in any contract negotiations. It is propsed that there w i l l  
be a report of ac t ix i t i es  prepared a t  the end of 16 mnths  for an 
intensive 18 mnth xeview, and a further xeport a t  the 30th mnth  
for a 32nd mnth review. This mans that ths w i l l  be essential ly 
a 3 year project subject to thorn@ review before any follow-on 
activi t ies.  

. b  

The Chair w a s  taken by Carl Fritz, D-l/PM, a t  Dr. Long's request so 
that he? would be free to  speak to the de ta i l s  and background of t h e  
project p1annir.g. Jim Uiano discussed the Oceanic Foundation as a 
non-?refit, research organization c2ependent on contract and grant 
funds. It is now independent of f o m r l y  associated tourist a t t rac t icn  
activi t ies.  It has no ties witk the University of Hawaii. 

There was general discussion a b u t  the  desirabil i ty of budget elaboration 
prior to being s u h i t t e d  to the RAC. There agreerrrent that this 
would be a ~ l i s h e d  as much as possible in consultation w i t h  t h e  
Oceanic Foundation. 

Mr.  Gleason Fbhlfs, SA/TD, asked about plans for the dissemination of 
informtion. Dr. Long stated that  this should be viewed in the context 
of the se-al inst i tut ions involved in the program, ; m e l y  Auburn 
Ilniversity, the Zbriversity of Rhde Islaid, The Rockefeller Foundation, 
and others. Training centers may be located in F i j  it the  Phil imines,  
and som other site. B i l l  L i t t l m  urged consideration of the East- 
West Center's program on training Asian entrepreneurs. 

0. L. Mirruns expressed the  h o p  for emphasis on ths consideration of  
econcmic and social aspects of the project. Dr. Long stated that the 
project research design should lend i t s e l f  to the ut i l iza t ion of results 
for thei r  econanic inplications. Rbode Islarid is also a real resource 
in the e o 3 d c s  of estuiqial  versus  inland aquaculture. 



Jim Uram amrented on the aspect of land use economics for areas not 
wv in  use. Dr. b n q  pointed out that there will need to be trazeo'fs 
in the analysis of p;ohuction economies and the areas of nmds for 
the p r o d ~ t s .  Further, f m  the pint of vim of gcnetic c o n t r o l  
therc! is reed for dowstication and controls which arc not p s s i b l e  
in the open sea. 

. mtion: That RIGC approves the proL& for presentation to the RAC. 
Mved by 0. L. Mimns, s a n d e d  by W. W e ,  , approved maximusly. 
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SCHEDULE . 
ARTICLE I . - STATEMENT OF WORK 

Fo r  a p e r i o d  as h e r e i n a f t e r  s e t  f o r t h  i n  t h e  S c h e d u l e ,  

. t h e  C o n t r a c t o r  s h a l l  make a v a i l a b l e  and employ i t s  r e s e a r c h  

and development f a c i l i t i e s  and p e r s o n n e l  a t  t h e  l e v e l  o f  

e f f o r t  h e r e i n a f t e r  s e t  f o r t h  and s h a l l  pe r fo rm t h e  s e r v i c e s  

set f o r t h  i n  Appendix A a t t a c h e d  h e r e t o .  

ARTICLE I1 - TECHNICAL DIRECTIONS 

Performance o f  t h e  work h e r e u n d e r  s h a l l  be s u b j e c t  t o  

t h e  t e c h n i c a l  d i r e c t i o n s  o f  t h e  c o g n i z a n t  A. I .D. S c i e n t i f i c /  
' 

~ e c h n i c a l  Office i n d i c a t e d  on t h e  Cover Page. A s  used  h e r e i n  

"Techn i ca l  D i r e c t i o n s "  are d i r e c t i o n s  t o  t h e  C o n t r a c t o r  wh5ch 

fill i n  d e t a i l s ,  s u g g e s t  p . o s s ib l e  l i n e s  o f  i n q u i r y ,  o r ,  

o t h e r w i s e  comple.te t h e  g'eneral.  s cope  gf  t h e  work. " T e c h n i c a l  

D i r e c t i o n s "  must b e  w i t h i n  t h e  t e rms  o f  t h i s  c o n t r a c t  and shall  

no-t change o r  modify t h e m  i n  any way. 

PRTICLE I11 - KEY PERSONNEL 

The key  p e r s o n n e l  which t h e  C o n t r a c t o r  s h a l l  f u r n i s h  f o r  

t h e  performance o f  t h i s  c o n t r a c t  are as f o l l o w s :  



Key Personn'el  T i t l e  

D r .  Col in  E. Nash P r o j e c t  Leader 

D r .  Ching-Ming Kuo P r i n c i p a l  I n v e s t c g a t o r  

The p e r s o n n e l  s p e c i f i e d  above are cons ide red  t o  be 

e s s e n t i a l  t o  t h e  work be ing  performed hereunder .  P r i o r  t o  

d i v e r t i n g  any of t h e  s p e c i f i e d  i n d i v i d u a l s  t o  o t h e r  programs,  

t h e  C o n t r a c t o r  s h a l l  n o t i f y  t h e  C o n t r a c t i n g  O f f i c e r  r ea sonab ly  

- i n  advancea and s h a l l  subm'it j u s t i f i c a t i o n  ( . inc lud ing  proposed 

s u b s t i t u t i o n s )  i n  s u f f i c i e n t  d e t a i l  t o  pe rmi t  e v a l u a t i o n  of  

- t h e  impact  on- - the  program. No d i v e r s i o n  s h a l l  be made by t h e  

C o n t r a c t o r  w i thou t  t h e  w r i t t e n  consen t  o f  t h e  C o n t r a c t i n g  

O f f i c e r ;  p r o d d e d ,  t h a t  t h e  C o n t r a c t i n g  O f f i c e r  may r a t i f y  i n  

w r i t i n g  such d i v e r s i o n  and such r a t i f i c a t i o n  s h a l l  c o n s t i t u t e  

t h e  consen t  of t h e  C o n t r a c t i n g  O f f i c e r  r e q u i r e d  by t h i s  c l a u s e .  

The l i s t i n g  o f  key pe r sonne l  may, w i t h  t h e  consen t  of  t h e  
. . 

c o n t r a c t i n g  p a r t i e s ,  be amended from t ime  t o  t ime  d u r i n g  t h e  

cou r se  o f  t h e  c o n t r a c t  t o  e i t h e r  add o r  d e l e t e  p e r s o n n e l ,  as 

a p p r o p r i a t e .  

The e f f e c t i v e  d a t e  o f  t h i s  c o n t r a c t  i s  t h e  d a t e  of s i g n a t u r e  

by  t h e  A.I .D.  Con t r ac t ing  O f f i c e r  d e s i g n a t e d  on t h e  Cover Page 

and t h e  e s t i m a t e d  complet ion d a t e  i s  t h r e e  y e a r s  t h e r e a f t e r .  



The C o n t r a c t o r  w i l l  be re imbursed  f o r  t h e  c o s t s  i n c u r r e d  

by him i n  per fo rming  s e r v i c e s  h e r e u n d e r  i n  acco rdance  w i t h  t h e  

a p p l i c a b l e  p r o v i s i o n s  o f  t h e  Schedule  and t h e  G e n e r a l  P r o v i s i o n s  

s u b j e c t  t o  t h e  f o l l o w i n g  l i m i t a t i o n  made i n  r e s p e c t  t h e r e t o :  

A. T o t a l  A . I . D .  d o l l a r  f unds  a v a i l a b l e  

for payment and a l l o t t e d  t o  t h i s  c o n t r a c t .  

See c l a u s e  o f  t h e  Gene ra l  ~ r o v i s i . o n s  

e n t i t l e d  " L i m i t a t i o n  o f  Funds. It $ 250,000 
- - 

- .  - - 
B. Es t ima ted  a d d i t i o n a l  f unds  which may 

be  p rov ided  i f  funds  a r e  a v a i l a b l e  

TOTAL ESTIMATED CONTRACT COST 

, C. Funding  beyond A above i s  c o n t i n g e n t  upon t h e  fo l l ow-  

i n g :  (1) Favorab le  A. I . D .  review and e v a l u a t i o n  of t h e  

r e s u l t s  o f  t h e  program a f t e r  18  months. 

ARTICLE VI - BUDGET t 

The a t t a c h e d  Budget s e t s  l i m i t a t i o n s  f o r  re imbursement  of 

d o l l a r  ' c o s t s  f o r  i n d i v i d u a l  l i n e  i t e r n s ,  Without  t h e  p r i o r  

w r i t t e n  a p p r o v a l  of t h e  C p n t r a c t i n g  O f f i c e r ,  t h e  C o n t r a c t o r  

may n o t  exceed  t h e  g r a n d  t o t a l  o f  Funds A v a i l a b l e  as shown i n  

A r t i c l e  V-A above,  n o r  may t h e  C o n t r a c t o r  exceed  t h e  do l l a r  

costs f o r  any i n d i v i d u a l  l i n e  i t e m  o f  t h e  Budget by more t h a n  
I - - 

15% o f  such  l i n e  i t e m .  



The Uni ted S t a t e s  d o l l a r  c o s t s  a l l o w a b l e  under  t h i s  

c o n t r a c t  s h a l l  be l i m i t e d  t o  peasonable ,  a l l o c a b l e  and 
a 

neces sa ry  c o s t s  determined i n  accordance w i t h  t h e  Clause  o f  

- t h e  Genera l  P r o v i s i o n s  of t h i s  c o n t r a c t  e n t i t l e d  "A1,lowable 

Cost .  and Pay m n t  ." 
ARTICLE V I I I  - ESTABLISHMENT OF OVERHEAD RATE 

Pursuant  t o  t h e  CLause of t h e  G e n e r a l . P r o v i s i o n s  o f  

t h i s  c o n t r a c t  e n t i t l e d  "Negot ia ted  Overhead Rates ," a r a t e  

- o r  r a t e s  s h a l l  be e s t a b l i s h e d  f o r  t h e  p e r i o d  beg inn ing  Janua ry  1, 

1975 and encling December 31, 1975. Pending establishment of  

f i n a l  overhead rates f o r  t h e  i n i t i a l  p e r i o d ,  p r o v i s i o n a l  pay- 

ments on account  o f  a l l owab le  i n d i r e c t  c o s t s  s h a l l  be made on 

t h e  b a s i s  o:L' t h e  fo l lowing  n e g o t i a t e d  p r o v i s i o n a l  ra,tes a p p l i e d  

t o  t h e  b a s e ( s )  which .are s e t  f o r t h  below: 
. . 

RATE 
7 

BASE - PERIOD 

On Site 85% Total direct salaries & fringe beneflts 1/1/75 - 12/31/75 

Pos tde te rmined  i n d i r e c t  c o s t  r a t e s  f o r  subsequent  p e r i o d s  
.. 

s h a l l  be e s t a b l i s h e d  i n  accordance wi th  t h e  te rms  o f  t h e  

"Negot ia ted  Overhead Rates" p0stdetermine.d c l a u s e  cf t h e  . 
Genera l  P r o v i s i o n s  . The provisional rate of 85% shall constitute the maximum 
rate for the period 1/1/75 through 12/31/75. 

ARTICLE I X  - PERSONNEL COMPENSATION 

- A. L i m i t a t i o n s  - 

Compensation of pe r sonne l  which i s  charged as a 

d i r e c t  c o s t  under  t h i s  c o n t r a c t ,  l i k e  o t h e r  c o s t s ,  w i l l  be 

BEST AVAILABLE COPY . 
-9.. . . 



rcimbursablc:  i n  a cco rdance  w i t h  Art icle  V I l  o f  t h e  Scheclulc 

e n t i t l e d  "Costs Reimbursablcl '  and G e n e r a l  P r o v i s i o n  No. 9 

e n t i t l e d  "Allowable C o s t ,  F ixed  Fee and Payment," and o t h e r  

a p p l i c a b l e  p r o v i s i o n s  o f  t h i s  c o n t r a c t  b u t  s u b j e c t  t o  t h e  

f o l l o w i n g  a d d i t i o n a l  s p e c i f i e d  u n d e r s t a n d i n g s  which se t  l i m i t s  

on items which o t h e r w i s e  would b e  r e a s o n a b l e ,  a l l o c a b l e  and 

a l l o w a b l e  : 

1. , Approva l s  

S a l a r i e s  and wages may n o t  exceed  t h e  C o n t r a c t o r ' s  
- -- - - 

e s t a b l i s h e d  p o l i c y  and p r a c t i c e ,  i n c l u d i n g  t h e  Cont rac t -o r '  s 

e s t a b l i s h e d  pay s c a l e  fo r  e q u i v a l e n t  c l a s s i f i c a t i o n s  o f  

employees ,  which w i l l  be  c e r t i f i e d  t o  by t h e  C o n t r a c t o r ,  n o r  

may any i n d i v i d u a l  s a l a r y  o r  wage, w i t h o u t  a p p r o v a l  o f  t h e  

Cont r -ac t ing  O f f i c e r ,  exceed  t h e  employee ' s  c u r r e n t  s a l a r y  o r  wage 

or t h e  h i g h e s t  r a t e  of a n n u a l  s a l a r y  or  wage r e c e i v e d  d u r i n g  any 
. . 

f u l l  y e a r  of t h e  immedia te ly  p r e c e d i n g  t h r e e  y e a r s ,  p r o v i d e d  

that i f  the w o r k  is to be p e r f o r m e d  by employees s e r v i n g  o v e r s e a s  

for  a p e r i o d  i n  e x c e s s  of one y e a r ,  t h e  normal b a s e  sa lar -y  may be 

- i n c r e a s e d  i n  a cco rdance  w i t h  C o n t r a c t o r ' s  e s t a b l i s h e d  p o l i c y  and 

p r a c t i c e ,  b u t  n o t  t o  exceed  10 p e r c e n t  of b a s e  U.S. s a l a r y  
I 

e x c l u d i n g  b e n e f i t s .  There  is a c e i l i n g  on r e i m b u r s a b l e  sa la r ies  

and wages p a i d  t o  a p e r s o n  employed d i r e c t l y  u n d e r  t h e  c o n t r a c t  

of t h e  maximum s a l a r y  rate o f  FSR-1 (o r  t h e  e q u i v a l e n t  d a i l y  

ra te  of t h e  maximum FSR-1 s a l a r y ,  i f  compensat ion  i s  n o t  on 'an 



annua l  b a s i s ) ,  u n l e s s  advance w r i t t e n  app rova l  i s  g i v e n  by 

t h e  C o n t r a c t i n g  O f f i c e r .  

4 

2.  S a l a r i e s  During T r a v e l  

S a l a r i e s  and wages p a i d  wh i l e  i n  t r a v e l  s t a t u s  w i l l  

n o t  b e  re imbursed  f o r  a t r a v e l  p e r i o d  g r e a t e r  t h a n  t h e  t i m e  

r e q u i r e d  f o r  t r a v e l  by t h e  most d i r e c t  and e x p e d i t i o u s  a i r  r o u t e .  

, 3 .  Return o f  Overseas Employees 

S a l a r i e s  and wages p a i d  t o  an  employee s e r v i n g  

o v e r s e a s  who i s  d i s c h z r g e d  by t h e  C o n t r a c t o r  f o r  misconduct  o r  

s e c u r i t y  r e a s o n s  wi1.l i n  no e v e n t  be re imbursed f o r  a p e r i o d  
rn 

which ex t ends  beyond t h e  t ime  requirted -Lo r e t u r n  him pro~np-l-ly 

t o  h i s  poin-t o f  o r i g i n  by t h e  most e x p e d i t i o u s  a i r  r o u t e  p l u s  

acc rued  v a c a t i o n  l eave .  

. . 
4. M e r i t  o r  Promotion I n c r e a s e  

~ e r i t .  or promotion increases may not exceed those 

provided  by t h e  C o n t r a c t o r ' s  e s t a b l i s h e d  p o l i c y  and p r a c t i c e .  

With r e s p e c t  t o  employees performing work o v e r s e a s  under  t h i s  

c c n t r a c t ,  one m e r i t  o r  promotion i n c r e a s e  o f  n o t  more t h a n  5% 
* 

of t h e  employeet  s base  s a l a r y  may: s u b j e c t  t o  t h e  C o n t r a c t o r ' s  

e s t a b l i s h e d  p o l i c y  and p r a c t i c e ,  be g r a n t e d  a f t e r  employee s 

cornpiet ion of each  twe lve  montn p e r i o d  of sa t  i s f ac t  dry s e r v i c e s  

under  t h e  c o n t r a c t .  Merit or  promotion irjcreases exceed ing  



, 

t h e s e  l i m i t a t i o n s  o r  exceeding t h e  maximum s a l a r y  of  FSR-1 

may be g ran ted  only  wi th  t h e  advance w r i t t e n  approva l  o f  t h e  I 
Contrac t ing  O f f i c e r  . 

5. Consul tan ts  

No compensation f o r  c o n s u l t a n t s  w i l l  be reimbursed I 
u n l e s s  t h e i r  use under t h e  con tpac t  has  t h e  advance w r i t t e n  

approval  of  t h e  Con t rac t ing  O f f i c e r ;  and i f  such p r o v i s i o n  has  

been made o r  approval  g'iven, compensation ' s h a l l  no t  exceed,  . ' I 
without  s p e c i f i c  approval  of t h e  rate by t h e  Con t rac t ing  

- 

O f f i c e r ,  (1) t h e  c u r r e n t  compensation o r  t h e  h i g h e s t  ra te  of  

annual  compepsation r e c e i v e d  by t h e  c o n s u l t a n t  du r ing  any 

' f u l l  y e a r  of  t h e  i m e d i a t e l y  preceding  t h r e e  y e a r s  o r  ( 2 )  

maximum d a i l y  s a l a r y  r a t e  of a Foreign S e r v i c e  O f f i c e r  Class 

1 whichever i s  less. 

Note: The d a i . 1 ~  rate o f .  a -Foreign S e r v i c e  O f f i c e r  Class 1 
. . 

i s  .determined by d i v i d i n g  t h e  annual  s a l a r y  by 260 days.  

6.  Th i rd  Country and Cooperating Country Na t iona l s  

No compensation f o r  t h i r d  count ry  o r  Cooperat ing Country 

n a t i o n a l s  w i l l  b e  re imbursed u n l e s s  t h e i r  use  under t h e  c o n t r a c t  

i s  a u t h o r i z e d  i n  t h e  Schedule o r  has  t h e  p r i o r  w r i t t e n  approva l  

of t h e  Con t rac t ing  O f f i c e r .  S a l a r i e s  and wages' p a i d  t o  such 

persons may n o t ,  wi thout  s p e c i f i c  w r i t t e n  approva l  of  t h e  

Con t rac t ing  O f f i c e r ,  exceed e i t h e r  t h e  contri&to~~s-&st&blished 



p o l i c y  and p r a c t i c e ;  o r  t h e  l e v e l  of s a l a r i e s  p a i d  t o  equ iva l en t -  

p e r s o n n e l  by t h e  A . I . D .  Mi s s ion  i n  t h e  Coope ra t i ng  Count ry ;  or  t h e  

. p r e v a i l i n g  rates i n  t h e  Coope ra t i ng  Count ry ,  as de t e rmined  by 

. A. I. D. , p a i d  t o  p e r s o n n e l  o f  e q u i v a l e n t  t e c h n i c a l  competence.  

7. Work Week 

.a. Non-overseas Employee. The work week f o r  t h e  

Cont-r .actor 's  non-overseas  employees . s h a l l  n o t  be less t h a n  t h e  

e s t a b l i s h e d  p r a c t i c e  of  t h e  C o n t r a c t o r .  

. b 0v .e r seas -  Employee. -The work week f o r  - t h e  . . - 

C o n t r a c t o r l s  o v e r s e a s  'employees s h a l l  n o t  be l e s s  t h a n  40  h o u r s  

and- s h a l l  be s c h e d u l e d  t o  c o i n c i d e  w i t h  t h e  work week f o r  t h o s e  

employees o f  t h e  A . I . D .  Mi s s ion  and t h e  Coope ra t i ng  Country  

a s s o c i a t e d  w i t h  t h e  work o f  t h i s  c o n t r a c t .  

B. D e f i n i t i o n s  
. - 

A s  u sed  h e r e i n  t h e  terms " S a l a r i e s , "  "Wages," and  

"Compensation" mean t h e  p e r i o d i c  r emune ra t i on  r e c e i v e d  f o r  

p r o f e s s i o n a l  o r  t e c h n i c a l  s e r v i c e s  r e n d e r e d  e x c l u s i v e  o f  
\ 

o v e r s e a s  dif f  e r e n - t i a l  o r  other a l l owances  a s s o c i a t e d  wi'th 

o v e r s e a s  s e r v i c e  u n l e s s  o t h e r w i s e  s t a t e d .  The t e r m  "Compensation" 

i n c l u d e s  payments f o r  p e r s o n a l  s e r v i c e s  ( i n c l u d i n g  f e e s  and 

h o n o r a r i a ) .  It e x c l u d e s  e a r n i n g s  from s o u r c e s  o t h e r - t h a n  t h e  

i n d i v i d u a l l s  p r o f e s s i o n a l  or  t e c h n i c a l  work,  ove rhead  o r  o t h e r  

charges. 



ARTICLE X - SPECIAL PROVISION 
- - -- 

A. I n  a c c o r d a n c e  w i t h  A d d i t i o n a l  G e n e r a l  P r o v i s i o n  No. J 

. e n t i t l e d  "Personne l"  whereunder  t h e  C o n t r a c t o r  may n o t  s e n d  

. i n d i v i d u a l s  o u t s i d e  o f  t h e  U n i t e d  S t a t e s  t o  p e r f o r m  work 

u n d e r  t h e  c o n t r a c t  w i t h o u t  t h e  p r i o r  w r i t t e n  a p p r o v a l  o f  t h e  

C o n t r a c t i n g  Officer,  t h e  C o n t r a c t i n g  O f f i c e r  d o e s ,  h e r e b y ,  p r o v i d e  

s a i d  a p p r o v a l  f o r  t h o s e  i n d i v i d u e i l s  r e q u i r e d  t o  t r a v e l  o u t s i d e  

t h e  U n i t e d  S t a - t e s ;  g r o v i d e d ,  however ,  t h a t  c o n c u r r e n c e  w i t h  

t h e  a s s i g n m e n t  a n d / o r  t r a v e l  o f  any and 'a l l  s a i d  i n d i v i d u a l s  
- .- - -  - - 

o u t s i d e  t h e  U n i t e d  S t a t e s  i s  o b t a i n e d ,  i n  w r i t i n g ,  f rom t h e  

Cognizan t  T e c h n i c a l  O f f i c e r  of A . I . D .  p r i o r  t o  t h e i r  a s s i g n m e n t  
rn 

a n d / o r  t r a v e l  ab road .  

B.. T h i s  a p p r o v a l  by t h e  C o n t r a c t i n g  O f f i c e r  s h a l l  n o t  

a p p l y  t o  any o t h e r  c l a u s e  o r  p r o v i s i o n  o f  t h i s  c o n t r a c t  which 

s p e c i f i c a l l y  r e q u i r e s  C o n t r a c t i n g  O f f i c e r  a p p r o v a l .  

ARTICLE X I  - LOGISTIC SUPPORT 

P r i o r  t o  making any v i s i t s  t o  less d e v e l p p e d  c o u n t r i e s ,  

t h e  C o n t r a c t o r  w i l l  r e v i e w  a i s  p l a n s  w i t h  t h e  Office of  

A g r i c u l t u r e .  H e  w i l l  a l s o  k e e p  A . I . D .  m i s s i o n s  i n  c o u n t r i e s  
I 

t o  be v i s i t e d  f u l l y  in fo rmed  o f  p roposed  v i s i t s ,  a s k  them t o  

p r o v i d e  any a d v i c e  t h e y  w i s h  r e g a r d i n g  t i m i n g  and  c o n t e n t  o f  

t h e  v i s i t s  and t o  p a r t i c i p a t e  i f  t h e y  d e s i r e ,  and h e  w i l l  

mform t h e  m i s s i o n s  of t h e  outcomes of c ~ n s u l t ~ a t i o n s  . C o n t r a c t o r  



will make his own appointments and logis t ics  a r m n g e m e n t s  d i rect ly .  

Upon'completion of any project  funded t rave l ,  a copy of thc  t r i p  

r e p o r t  tvill b e  provided to the  Pro jec t  Marlager des ignated in Appendix 

A. The  r e p o r t  f o r m a t  will b e  es tabl ished jointly by the Cont rac to r  

and the P r o j e c t  Manager. 

ARTICLE XI1 - ADDITIONAL CL4USES T O  THE GENERAL PROVISIONS 

A. Add Genera l  Provis ion No. 44 (Attachment A) enti t led 
. . 

"Cost Accounting Standards .  " 



. 
APPENDIX A 

A R T I C L E  I - STATEMENT OF WORK 

A. Ob jec t ive  - To develop e f f e c t i v e  and c o n t r o l l e d  means of producing 

seed  f i s h  upon which mature f i s h  p roduc t ion  e n t e r p r i s e s  a r e  based and 

- t o  develop e f f e c t i v e  d i s t r i b u t i o n  systems. 

B. . S c o p e  of Worlc - 
The.Cont rac tor  s h a l l  be  r e q u i r e d . t o  make a v a i l a b l e  t h e  r e q u i r e d  

pcrsor:nel t o  develop e f f e c t i v e  and c o n t r o l l e d  means of producing seed  

f i s h  upon which mature f i s h  p roduc t ion  e n t e r p r i s e s  a r e  based and t o  

develop e f f e c t i . v e  d i s t r i b u t i o n  systems. The pr imary  g o a l  of t h e  p r o j e c t  
- .  

i s  t o  develop t h e  a r t i f i c i a l  p ropaga t ion  of t h e  m i l k f i s h  i n  t h e  s h o r t e s t  

p o s s i b l e  t i n e .  The g o a l  w i l l  be a t t a i n e d  by a  d i r e c t  a s s a u l t  on t h o s e  
u 

a s p e c t s  known t o  be neces sa ry  t o  ach i eve  t h a t  end. I n  a d d i t i o n  t o  t h e  

p r a c t i c a l  p roduc t ion ,  which w i l l  be  eva lua t ed  by t h e  c o s t  e f f e c t i v e n e s s  

of j u v e n i l e s  produced each  yea r ,  a  number o i  s p e c i f i c  r e s e a r c h  t a r g e t s  

w i l l  need t o b e  ach ieved  i n  o r d e r  t o  s u p p l y t h e  d e t a i l e d  s c i e n t i f i c  

i n f o r n a t i o n  requi.:ed f o r  d i r e c t  p rog re s s  toward t h e  o v e r a l l  g o a l  a s  

enumerated below: 

1. nroodstock c o l l e c t i o n  and hold ing .  

a. A c o n s i d e r a b l e  number of broodstock w i l l  be  cap tu red  

f o r  r e s e a r c h  m a t e r i a l ,  t o  i n d i c a t e .  husbandry requirements f o r  ho ld ing  

a d u l t s ,  f o r  i l l u s t r a t i n g  t h e i r  food requi rements ,  and f o r  p rov id ing  

a  l a r g e  gene pool  f o r  i n c r e a s i n g  t h e  chances of good l a r v a l  p u r v i v a l  

a f t e r  b reed ing .  



b. Each f i s h  on s i t e  w i l l  be  numbered by yea r ,  c l a s s  and 

sex,  and i t s  l i f e  h i s t o r y  recorded  wh i l e  it i s  i n  c a p t i v i t y ,  p a r t i c u l a r l y  

- d e t a i l s  of spawning, subsequent  f e r t i l i t y  and s u r v i v a l  and growth of 

i t s  o f f s p r i n g .  

c. S i c c e  t h e - s u c c e s s  of an  a r t i f i c i a l  p ropaga t ion  system 

depends p r i m a r i l y  on t h e  q u a l i t y a n d  q u a n t i t y  of broodstock r e s o u r c e s ,  

l a r g e  numbers of s c x u a l l y  mature  i n d i v i d u a l s  m u s ~  be con ta ined  i n  good 

h e a l t h  under  a c c e p t a b l z  environmental  c o n d i t i o n s  i n  o r d e r  t o  reproduce  
- - 

a n t  y i e l d  v i a b l e  o f f s p r i n g .  

. . d. E s s e n t i a l  e x t e r n a l  c o n d i t i o n s  f o r  b roods tock  f i s h  r e q u i r i n g  

A 
r e sea rch ,  a r e  s u i t a b l e  wa te r  q u a l i t y ,  a  n u t r i t i o u s  d i e t ,  h i g h  s t a n d a r d s  

of hygiene a ~ l d  l i m i t e d  p h y s i c a l  d i s t u r b a n c e ,  b u t  most i m p o r t a n t l y  t h e  

. i broods tock  s h a l l  be exposed t o  t h e  c o r r e c t  envi ronmenta l  pa rame te r s  

1 which i n f l u e n c e  t h e  p h y s i o l o g i c a l  changes i n  t h e  p i t u i t a r y  g l a n d  and 

p i m u l a t e  t h e  gonads t b  s ea sona l  m a t u r i t y .  

e. Many exper iments  w i t h  f i s h  have used  gonad dcvelopine~lt  

t o  i n t e r p r e t  t h e  e f f e c t s  of c e r t a i n  environmental  r e g u l a t o r s  or1 t h e  

r ep roduc t ive  cyc le .  Among t h e . f a c t o r s  concerned a r c  t empera tu re  and 
/ 

photoper iod  which i n i t i a t e  p i t u i t a r y  a c t i v i t y .  The r c l a  t i v e  importance 

' of each  v a r i e s  w i t h  d i f f e r e n t  s p e c i e s '  of f i s h a n d  s h a l l  be r e f l e c t e d  i n  t h i s  

s tudy.  

f .  The p r o j e c t  w i l l  app ly  t h e  e x i s t i n g  knowledge f o r  main- 

t a i n i n g  c a p t i v e  Mugil idae i n  t h e  most s u i t a b l e  environment f o r  b r eed ing  



t o  ma in t a in ing  c a p t i v e  m i l k f i s h .  I t  w i l l  c o n c e n t r a t e  on d e t a i l s  of  
< 

enc losu re  s i z c ,  popu la t ion  d e n s i t y ,  h e a l t h ,  s exua l  development, behavior  
-C- 

and environmental  c o n t r o l s  and manipula t ion .  The o b j e c t i v e  i s  t o  d e t a i l  

t h e  c o n d i t i o n s  f o r  ho ld ing  l a r g e  numbers of broodstock throughout  t h e  
a 

yea r ,  and t o  phase t h e  'spawning p roces s  t o  e s t a b l i s h  year-round produc- 

t i o n  of f e r t i l i z e d  eggs. 

2. Induced breeding  techniques.  

a. The p h y s i c a l  containment of f i s h  and t h e i r  maintenance . 

i n  c a p t i v i t y  f o r  h igh  s u r v i v a l  a r e  no t  g e n e r a l l y  d i f f i c u l t  problems. 

Milkfislr r e a d i l y  become domest icated,  a s  t e s t i f i e d  by c e n t u r i e s  of 

pond farming. They grow i n  c a p t i v i t y  and a r e  t cch : i i ca l ly  mature ,  b u t  

i n d i v i d u a l  females  w i l l  no t  undergo t h e  f i n a l  s t a g e s  of gametogenesis  

and s p a u n i n c a p t i v i t y .  A t  p r e s e n t  t h e s e  s t a g e s  need t h e  a r t i f i c i a l  

s t imu lus  of hormone i n j e c t i o n  t o  kornpletc t h e  breeding  cyc le .  

b.  hi p r o j e c t  w i l l  u s e  t h e  induced breeding  t echn iques  

a l r e a d y  e s t a b l i s h e d  f o r  t h e  blugi l idae and u s e  p a r t i a l s l y  p u r i f i e d  salmon 

- gonadotropin SG-G100. It w i l l  s p e c i f y  a  technique ,  p rov id ing  d a t a  on 

t h e  c r i t i c a l  t ime f o r  i n j e c t i o n ,  d o s e  r a t e  and f requency ,  subsequent  

I v 

development procedures  and behav io ra l  r e a c t i o n s .  An impor tan t  o b j e c t i v e  

f o r  induced breeding  i s  t o  selqct a hormone which i s  widc ly  a v a i l a b l e  

and t o  s t a n d a r d i z e  i t s  potency  and e s t a b l i s h  spawning dosage a g a i n s t  

egg m a t u r i t y .  
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c. F i n a l l y ,  p r e s e n t  induced spawning techniques  a r e  a p p l i e d  

t o  s t i m u l a t e  t he  f i n a l  s t a g e s  of development. 

3. Egg and sperm q u a l i t y .  

a. Egg arld sperm q u a l i t y  w i l l  be j.udged by microscopic  

g r o s s  appearances and subsequent  f e r t i l l t y .  The minimum of h i s t o l o g i c a l  

examinat ions w i l l  be  made t o  e s t a b l i s h  a  s e q u e n t i a l  r eco rd  of  embryonic 

development t o  which a l l  subsequent  obse rva t ions  can be  r e l a t e d .  I f  
- - - - 

poor l a r v a l  s u r v i v a l  i s  p e r s i s t e n t ,  then  d e t a i l e d  bu t  sho r t - t e rm s t u d i e s  

on t h e  biocheniical composi t ion of t h e  eggs w i l l  be neces sa ry  i n  o r d e r  

t o  e s t a b l i s h  t h a t  induce.d spawnit>o, does n o t  i n £  luence  development 

b. Once egg and sperm q u a l i t y  a r e  e s t a b l i s h e d ,  it i s  

n n t i ~ i ~ a t e d ' t h a t  t h e r e  w i l l  be s i g n i f i c a n t  v a r i a t i o n s  between i n d i v i d u a l s .  

Good f i s h  w ' i l l  be marlccd f o r  t h e i r  c a p a c i t y  t o  produce good q u a l i t y  

garnctocytes and used i n d i v i d u a l l y  year a f t e r  year .  An e a r l y  s t a r t  

i d e n t i f y i n g  good f i s h  i n  t h i s  way w i l l  beg in  a  g e n e t i c  a s p e c t  of t h e  

program. 

1 4. Egg incuba t ion  and la'rval s u r v i v a l .  

a. Environmental c o n t r o l s  dur ing  l a r v a l  development have 

concc i i t ra ted  most ly  on tempera ture ,  s a l i n i t y ,  pH, oxygen and l i g h t  i n t e n s i t y .  

They a l l  i n f l u e n c e  t h e  r a t e  of i ncuba t ion  development and /o r  s u r v i v a l  

i n  some way. 



b,. However, t he  success  of the  l a r v a l  r e a r i n g  technique 
e 

and the need t o  become involved i n  shor t - te rm experiments w i l l  be judged 

by t h e  annual production f i g u r e s  from t h e  ha tchery  ope ra t ion  and from 

obseryat ions  made during the  process.  I f  s a l i n i t y  changes a r e  i n d i c a t e d  

then  a  s e r i e s  of shor t - te rm resea rch  experiments w i l l  be conducted t o  

i n d i c a t e  the r i g h t  s a l i n e  regime f o r  opt imizing production.  S i m i l a r l y  

shor t - te rm cxpcriments may be conducted f o r  l i g h t  i n t e n s i t y ,  water  
- .  

q u a l i t y ,  food dens i ty  and- food regimes.   o or example, i t  may be necessary  

t o  worlc on t h e  changes i n  body f l u i d s  i n  varying s a l i n i t i e s  t o  e s t a b l i s h  
b 

t h e  time a t  which the  l a r v a e  can be exposed t o  lower s a l i n i t i e s .  The work 

w i l l  be performed i n  r e p l i c a t e  aquar i a  and i n  an e x i s t i n g  d e n s i t y  column.) 

5. Hatchery d i s t r i b u t i ~ n .  

a. Mass p r o p ~ g a t i o n  i s  i n e f f e c t i v e  without  s a c i s f a c t o r y  
. - 

means t o  d i s t r i b u t e  the  juveni les  s a f e l y  t o  t h e  farms and t h e  farmers 

r e q u i r i n g  them. 

b. Handling ope2ations f o r  young f i s h  can be de t r imen ta l  

t o  t h e i r  surv iva  1. Mishandling and  overcrowding, thereby d ra in ing  oxygen 

from t h e  water used f o r  t r a n s p o r t ,  r a p i d l y  reduce t h e i r  numbers. The 
i 

f i n a l  p r o j e c t  f o r  the  mass propagation goal  w i l l  be t o  t e s t  t h e  b e s t  

metbods of t r a n s p o r t a t i o n  f o r  t h e  juveniles .  

C. P ro jec t  Reviews a n d  Coordinat ion.  

1. Reviews w i l l  be a t  18 montlls and aga in  a t  32 months. The ' 

\Q 
'I? 
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outcome of the 18 months review will determine program direction in the third 

yca r  and the outcome of the 32 months re* 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 b e  granted access to research results developed 

under other A. I. D. contracts it1 related areas. 

- - 
D. Project Restrictions 

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

of pens o r  enclosures for commercial fish production will 'be carried out. I t  is the 1 I 
I 

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

without charge to this contract will continue at its approximately present level of 1 
I 

activity its research program on fhe mullet. If the effort under this program i s  I 
to be suspended, o r  termiuated in whole o r  in part ,  the A. I. D. project officer I 

I 1 
should b e  advised at least thirty (30) days in advance of the effective date of such , 

occasion. I 
1 
1 

E. lirork l?an I . i 
The foundation of lhe overall project for  the production of fish sced 1 I 

i 
i 

is to establish a broodst~pk of mature rnilkfish in captivity. The immediate goal : 

i 
I 

i s  a total of fifty fish and'8scapability to replace losses annually. I 
! 

Three appmqches to the problem will b c  made im'mediatel (of which one i 
L .  

will bc through a linkagc with an  overseas center). An attempt will b e  made to 
i 
i 

< I  
I 
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capture spawning fish a t  s e a  a t  their natural spawning gitcs; another will capture 

the immature fish from fresh and brackishwater 4 and allow time to mature in 

captivity ir, seawater; the third will entail the trapping of migratory spawning fish 

as they move out of the freshwater a reas  and to relocate them in the s e a  but in 

captivity. The general ca re  a3d maintenance of all  these resources will contribute 

to the information on broodstock husbandry. 

Subsequent work will provide information on holding, handling and sampling 
- - - .  

the bl-oddstock. Each individual will be  identified by the safest marking method 

(which will b e  determined), s o  that annual fertility and quality of gametes can be 
* 

determined for long-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 es.tabiishing broodstock will be  continuously 

monitored through such indications a s  survival in captivity, repeated spawning 

from individuals, growth of I11c spawning broods tock, and the development of 

cri ter ia  for broodstoclr maintenance that can b e  substantiated by repetition 

by other network institutes. Activitjes and alternatives to be explored s o  a s  ro 
I 

establish cri ter ia  for broodstock development a r c  shown 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 f i rs t  two years is to define the conditions 

for  spawning in captivity by determining the conditions on the natural spawning 
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?$ 
grounds. This will be  achieved by using transponder tags to locate spa& 

fish on the natural grounds; determining the environmental concMW3d / the grounds; 

- and to simulate the conditions in the laboratory o r  the spawning tanks. Although 

hormone treatment is anticipated a s  being essential to complete spawning development I 
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 a rea  is to produce fertile eggs from fish in captivity with o r  without 

- -- . . 

hormone trentment. I 

All'fish captured, whether dead o r  alive, will contribute to the basic know- 
* 

ledge of the naturalreproductive physiology of the milkfish which, a t  present, i s  

alnlost unl;no~vn. This information is  fundamental to the entire study and provides 

the bacliground to all the induced and natural spawning responses. This third priority 

a r a  is therefore dependent on the -catching of (preferably mature) fish, but not 

totally dependent on live fish. The main objective of the third priority a r e a  is, 

however, to define the optimum induced spawning procedure for salmon pituitary 

- gonadotropin and subsequently other cheaper hormones if necessary. This aspect  

i s  totally dependent on live fish from an established broods tock. This objective 
I 

. 
will be  achieved when r c p e ~ t e d  successes with hormone treatment for  spawning 

1 fertile eggs a ~ e  recorded. 

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

establishment of the broodstock, also entail specific explanations a lso  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 proccuures to obtain spawning of the broods tock. 

The remaining three priority areas; improving survival of larvae,  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 juveniles has been described a s  a two stage process, 

numbering I (0-20 days) and I1 (21-50 days), because this differentiation may be  

important to dis tribution. - -- 

The work, therefore, is  divided into separate objectives for Nursery I 
* I 

and Nursery I1 production. The need for both is  to increase the survival, 1.ecommend 

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 s ta te  requires an estimated 

21 days and is an extremely critical period recluiring careful and fundamental 

lnves tigation into such items a s  salinity variables, food density, and rearing 

density, a s  indicated by flow chart activities and numbers 12 and 18. 

Nursery work a s  well a s  the development of optimum distribution methods 
1 * 

and hatchery procedures whether from Nursery I o r  I1 will be carried out during 

F Y  76 and will be  planned to extend into 1977 if the results of the 18 months review 

indicate the need continuation. It is during these la t ter  phases flow chart Nos. (14, 

19,23,24,27,2S) that the final system (29) is sxpectcd to beachieved,  but may 

requt r e  the entire five yea r  period to complete, subject to the results  of the thirty- 

two month review. 
fitST AVAILABLE COPv 
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4) Tes, reoztians to other cheapr honmeo 
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a). bqroctc c:-)li~etion of jwer?j.lcs f.?cr~~ Ikrrsery I1 
facilities - 

1, ])melop safh proc.cc+~.~cs for u::-2s colicction and 
Wmsp;?rtatic.n u? r-m:se.ry stock. 

2, I:n-!r:.md oprkxa  ccmomic transfer ~2tbod for fry 
distribution, C>.-cm ~$G~;J;zI opcriz tio~t31 costs anti 

- ru-ivirl F,-.(::or. 

BEST AVAILABLE COPY 



PROJECT ?'I;\!E-CIIART [ k ' ~ l  - F S ~ ]  

Objcctiue 1 
Tasks a 

1, 
C 

'd  L- ---.- 
C 

f 
S 

-Qbjgqtiig -?. 
I 

CV 
M Tasks a 

i --.- 

I b 
C 

0 - Sk~rting event 

BEST AVAILABLE rOFY 



collcct mature fish at s ea  collect mature fish at s c a  - ---- 
-\ 

' r  collc.ct anti crow immature fis collect and ~ r o m  immnlure fish c stahlish, n ln inku~~  

I broodslock 

 collect mivmtinp fish collect mic.ratin,n fish 

i o ~ t l ~ l o ~ l i  husbandry vclop broodstoclc husbancl~-y 
1 

I 
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1 
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\ 
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Work Plan Linkages 

In addition, specific areas of cooperation with other agencies planned for 
- the project a r e  as follows: 

a )  The Oceanic Foundatioll has signed an agreementto train technical staff f rom 
the SEAFDEC Aquaculture Center in the Philippines in the practice of induced 
spawning of mullet bet\veefi 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 Fomldation will 
support the balance of the program from thei? own funds. 

b) In addition to the developlucnt of a transponding fish tag for determining the 
natural spanning sites of milkfish, field work will be encouraged in both the 
Philippines and in Taiwan where greater resources of fish a r e  available. 
The Foundation will work with the SEAFDEC Center in the Philippines and 
the Tunglcang Fishc ries Research Station to obtain information from extended 
use of the tag. The Director of the Rural Reconstructioli program in Taiwan 
funded b j  the Itocliefellcr Foundation has agreed to this cooperation. 

. c )  No migratory milkfish runs a r e  evident in Hawaii and therefore the 
catching of migratoly fish and retaining at sea  has to be done elsewhere. 
The Foundation will work with the ficld stations of the SEAFDEC Center in 
the Philippines to supervise this work. 

d) The U . S .  Peace Colps stationed f n the Philippines (and working mostly with 
the Bureau of F i s h e r i ~ s )  have been maliing some preliminary efforts to catch 
and spaivll adult milldish with little succcss. The Foundation will work with 
the fisheries officel-s involved to try and improve their results. 

e) The National Maline Fisheries Service in Honolulu recognizes the value of 
juvenile production for the progress of aquaculture. The laboratory has 
offered i ts  assistrulce for the catching of milldish broodstocl<. It will, if 
necessaq ,  use i ts  facilities to bridge the gai, between the transfer of adults 
caught i n  the sca back to tlie laboratory; 01% support the construction of 
ho3cting facilities within 1J.S. Government Property Areas, possibly of the 
U.S. Navy which has control over the cntire Pearl  Harbor region and which 
constitutes some of the best milldish grounds. 

f )  Exccpt for (a) above, which is already organized and funded separately by 
the Occnnic Founti:~tion, expendi tu res for linkage ficld projects and  trials 
a r e  not covcrvcl by the present 1)udget. 
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APPENDIX A 

F. Reports 

Notwithstanding Clause 16 of the General Provisions, Contractor 

shall submit fifty copies of annual reports in English which \vill b e  rcquired 

45 days after  the anniversary date of the contract. Guidelines for Preparation 

of the Research Annual Report a r c  attached for  your information. The reports 

shall be forwarded to: 

. . 
Leon Hesser,  Project Manager 
Office of Agriculture 
Bureau of Technical Assistance 
Age:lcy for  International Development 



1. SALARIES (Man months) 

Budget 1975 - 1977 (Inc.) Years 01 - 03 

Year 01 Year 02 Year 03 

I 

2. FRINGE BENEFITS (8 %) 3,915 3,915 9,078 16,908 -, 

3. CONSULTANT 5,000 0 5,000 10,000 

4. TRAVEL & TKANSPORTATION 3,500 5,500 . 7,500 16,500 

5. CAPITAL P C R C I ~ ~ S E S  35,000 4,500 11,500 5 1.000 

6. VEHICLES & SUPPI,IES 6,000 5,312 9,908 
21,250 

7. PUBLICATIONS 0 '250 250 500 

8, OVERHEAD (85% of $1  and 2) 



0 : -~LQA.  3. Ervcn J. Long 
-, I--- : -. :a7 3i. !-!!loslav Rechcigl 

DATE: February 27, 1976 

L 2-*t SO. 1 t o  Oceanic Foundation Coztract  on A r t i f i c a l  - , ~ s ~ - z r l c l  of Y a k f i s h  'P. 

- - --~>1-=: Iz conducting r e s e w c h  on t h e  A r t i r ' i c a l  Pro2agation of M l k f i s h  - - 
- 3 3 ~ :  30. 526, it was determined t h a t  t h e  p a t h o l o g  of u l k f i s h  xwzs a -- ~ Z s r  - cmtrsiat t o  achieving t b e  p r o j e c t  purpose. The c u r r e n t  c c c t r a c t  

x r h  2 k  ;it:? t h e  Oceanic Foundation does not  provide f o r  r esea rch  on - .  - -- - - ;522ct cf the  oiikfish. 

------ : Disease  is  a fundanental  problem i n  aquicul ture .  >lil!k£ish 

r l s  f z e  + E s  p r o b l m ,  and t h e i r  d i s e a s e s  range f r c n  ps3-chological t o  
- - -  

_x 

-%-'t o f t e x  is on conbat t ing  s p e c i f i c  d i s e a s e s  z s  they crop u?, using 
i-< ~5 - , etc; but  w-dle incluciing t h i s  approach in t h e  m e n b e n t ,  t 3 e  Oceanic - - *&t5az - =iU mphas ize  b a s i c  s i t u a t i o n s  predisposing and occur r ing  b e f o r e  

2zss151e m s e t  of an  over t  p a t h o l o g i c d  c o a t i t f s n .  P r c s r e s s  5 a s  a l r e a d y  
:-.a - A e  irz t h i s  a r e a ,  and i t  i s  of rrajor izportai lca in m i l k f i s h  (as w e l l  
- rt - o t r s r  aqsc ies )  aquaculture t h a t  c o t  only  should gredisposicg  cond i t ions  

5?&a53, ccz t inue  t o  be inves t iga ted ,  but  t h a t  prevent ive  measure be 
---L-S 
--A LC-- 

r, ?=tionale: The u i l l c f i sh  i s  r a i s e d  and c o n m d  tthoug5out 
---L;== - L =--& . >, %La- n e  resea rch  grant  awerded t o  t h e  Gceanic Foundation 
2 2-.r;. 1975  recognizsd t h e  importance of t h i s  f i s h  t o  t h e  region.  - 5 i z i z ,  f t  is apparent  t h a t  c e r t a i n  pa tho log ica l  condi t ions  w i l l  be 
-:-,'32~& z t t n d a n t  upon t h e  necessary  s t e p s  i n  hax13ling and t r e a t i n g  
5=ooC3tock. La order  t o  r e a l i z e  t h e  p o t e n t i a l  of t h z  a r t i f i c a l  propagation 
- - - - - '7 t=i -c,S-, -h these pa tho log ica l  c.3nditions rust b e  l d e n t i f i e d  2nd solved. 

5 E?ecffic products: Research t r i l l  be  conducted on basic pathology 

'-Tj sq i~c- t l tn re - induced  pathology. I n  t h e  l a t t e r  case i t  is  e s p c t e d  t o  
'=735Cr> - z rezhod f o r  ident i fy i 'ng  t h e  ex i s t ence  of 5 c e r t a i n  d i s e a s g  and 
sa t ~ c t  a ?ro?osed sirrple preventive measure. 

.- 
By U.S. Srtvings Bonds RtgrrZarly on the PojroZI $du:'ngr P I m  



c. C o s t . o f  t h e  planned i n v e s t i g a t i o n  i s  $35,800. Funds f o r  t h i s  
e c t i v i t y  a r e  a v a i l a b l e  i n  t h e  FY-76 budget from t h e  u n u t i l i z e d  Auburn 
lecb-nical Ass i s t ance  P r o j e c t  . 
?,eco=~ndation: It i s  recomended t h a t  you approve an  amendment f o r  t h e  
p a ~ 3 o l o g y  of z i l k f i s h  t o  t h e  e x i s t i n g  c o n t r a c t .  

Approved : 

Disapproved : 

A 
Date: '/)',?&& 3 1 ,  1 9  76 



I 
0. 1kllS ELOCK rF?LllS ONLY 1 0  ~ ~ f t i D u . t h : S  Of  SOLICITAIIONI 

C] I?. o y q  r l m h r J  a l . q ,~o~un  .s on.rdd a& wf I s 6  .n bl=L 12. TI.. hare ond doh  ~.iifd lo, rrc.;pl o l  0fft.s i erle.dd. i s  -1 em~endcd. . 

O k r a s  musl ocknollcdcr rccrlpr o l  this ornrndmcnl prlo, I s  ~ h r  hoy ond dotr & p c i T . c d  in lh wlic.lnt~m. or m omrndcd. by one of the lollornng nrthd,:  

(o) By signirJ ~ ~ t ~ , ~ , ~ y ' o ~ . r ~  of rl.., mncndmcnt, (b) 3, eckno-ledg~m~ r r r r ~ v l  o f  1ht1 omrndr-cnl on toch ropy of Ihr o l e *  svhlrulted; or ( r l  I T  8rD080lr 1rn.r nr ' c l c  -.? 

-hlrh i ~ l ~ d ~ s  o rrf.r*nr. 10 ,.c so.,r.~au~on end omendmtnl nvnotes. FAlLUiL Ot YOUR ACKNOYfLLDGtMtNT 1 0  I IE  S i ~ t l V t D  AT TI4E ISSCltiC OfrlCC I'Lli'(i i:; : I : :  i i t : : P  .. 
DA!L s:;c;:~:D ~ 1 . y  ~ ~ S I J L ~  IN f ! j [ ~ f l ~ : . (  cr YOUR Of l tR .  I!. .,due of I?., ov-rrdmtnt you dr18rt to thonpo on obrr nlrrody ~ ~ b m ~ l * r d , ' ~ v c h  c h o n ~ r  #-a, or nc:c b j  Icir; 

or Icnrr. pro..drd sucl. t c l r ~ t z m  qr Ic re l  makes , ~ ' c v r * ~ e  to the sol,t.lot,on ond thas onrndmc~l ,  o d  i s  ircr~.cd pltor lo Ih* oeenlng hour ond dole spot.T.rd. ------- 
10. ACCOUHIINC AN3 A F ~ ~ U P R I A ! I C ~  DATA ( ~ r r r l u t r r d )  

-- N A 
11- IMI$ &OCX.APPLIES ONLY 10 MODIICMI~NS OF CONTUC;S~C~-J~@S. , . . -. ~ .. ~. . , . -  

(0)  a This Cho,>pr Otdr, 81 ~ ~ ~ w e d  p.tlrnm* to ~ 4 ~ 0 f  ~ ~ f d - + x ~ ~ ~ ~ ~ ~ ~  a l7 -27 - I 
lh C h m v s  w l  lo* in block I 2  or. node l o  ~ h r  cbo.r'nrmkrcd con r~c~ lo rd t r .  

(b) The o b o v ~  numkr rd  co~'rocllo,drr as modnkd lo r r n d  t h  odnanasr,otlv. chonws (svch 0s.chong.t in poy~np oKcc, opproprmlton dclo. elc.) ul loem en black 12 

(c; a 71.11 Svpplrmcclol Agvr~-en l  ss rntgrrd anlo puahuonf lo ovIhornly of I 
R o  Cou4tract is here& k e n d e a  as fol lovs:  1 

, Ad&,AT?TICLX XIII - :43'J.;:,Z3 ?AX,f:!Z' as showxi on t h o  attached Fages. 

CmIFLm A ?.'RE COPY Tars- 1" ._____ D ~ Y  O P ; ~  ij:,.,..; / c j  7 5  ..- -.-._ - f - i  
BY 'B:..Q- L~$.c: =&&f/)~ \ -  

1 

i .a*+ o l  Fro-dtd he#.on. cll lor-I and rond.r.ors of Iha dorunthc r-l.rtnc*d In t : u L  8. 01 h..tbloro rhonpwd. r.r.aln unthonqd ond n Ibtl lurta end en-l 
---I_ -.-- -- ---.-- .- -..--- 

.-.____I_-- --C -- 
3. AND l l * L [  Clf SIGPJtb ( 1 It* C V  ~ ~ ~ " t ~  

Vh' i l l  ia11.1 \I!, Sc I 1  c iv, . 
--- - 
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:w . w.; . --------. 
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(1) & ~ : a ~ ~ ~ ~ n f ~ ~ - r ! ~ : ~ c c ) .  . A t  tho rcquos t of ths  C o ~ ~ t r s c t o r ,  a::! r.25: c ~ t ,  

to  t ho  co ld i t i ons  hcrcinnf%cr c a t  for th ,  A D  s h a l l  d x c  nn i n i t i a l  ::2-:3nca 

paymnt t o  t hc  -Contractor In  an cs?.c?.mt not  t o  exccod ;r!l,S75. 1:o ct::*-?::rs 

.. payncnt s h a l l  be rade (a) without t h e  approval of tho or"fice adl:in:stel*.in& 

advance .payments ( i ~ c r c i n a f t c r  ca l l ed  t h e  llA&d.nistc?ricg of f ice t i  and dos1;nn- 

. fed in paragraph ( 9 ) ( c )  hereof) as t o  thc  f iaccxia l .  ,necessity theref:1r; 

(b) in an b u n t  w!>ich togother  with a11 advaiica ~4'~?;.e.?ts theretoi 'o~e zsu'e, 

s h a l l  exceed the aizoui~t s tn ted  i n  parsgraph (9) (a) hereof; m d  (c)  wi tilout 

a proprnrly c e r t i f i e d  invoice o r  i l~voiceo.  To requcst thc i n i t i a l  ad1ixace 

. p p e n t ,  the  ConWactor s!lall sub,zit ~ o u c h e r  Fora SF-103/+ and 103/+(s) t o  

f je  Agency f o r  I n t e n l a t i o m l  Develapzcnt, O f  :'ice of l3::a:icial :.Ianazc:-.:nt, 

Central Services Div2sicn, I:ashinson, C .C . 20523. 
- (2) Uso of  Roc..  Tho funds cdy .be used by t h e  Contrsctor sol?ly for 

. . 
the purposes of making psjxents  f o r  ite:ls of . a l l o . ~ a b l c  cos t  as defi:',cd in 

Art i c l e  VI of t h i s  ContracS, o r  t o  r c i ~ b u r s e  t h e  Ccntrnstor for  suck ifVe:*is 

o f  a l louable  cost ,  cind f o r  such o ther  p w p s e s  as t h e  C o n t r n c t i ~ g  Gfiiccr 
.. 

m y  approve in ~ i . i t i n g .  b y  intcrpi8c?t%tion -requirei  cs ' t o  t he  prop?:r use  

of f h d s  sLr.11 be r ~ d o  i n  wri%in$ bj t h e  ~ o n t r s c t i = l ~  Officer.  

- (3) Ret..wn of %n:?;. Tho d o n t r a c t ~ r  cay a t  atnj t i t 2 3  r o p y  111-1 or 

e q  p a r t  of t h e  h7ds advznccd h c r ~ m d c r .  Whcncwcr so requcstod i n  :?'itj.z~ 

by the Contrac=ing Office=., t h e  Ccctractor s l ~ c ~ l l  repay t o  tilc Covor:-l:;cn'u 

such  art of the unliqufdated bal:lnc.-, of ailvu,lcc? ~ a ~ e n t  3 -as- s h a l l  3  ri the 
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-. j 
. o r  .(when eddod t o  t o t a l  advmces previously rade a.nd liquiintcd) i n  epccur, 

of tho  a~oul:f spccif3ed i n  j&rav:i?h ( 9 )  (n) herear'. 

- - (4) I ~ F ?  cn i s tz -nt  nnd T i , ~ : l . j  2 t 5 on .* ? 0 1 l 3 ~ i ~ g  the i n i  ti31 acl7:1:1~0 

.papent, kI3 wf l l ' ~ c r % o d i c & l l y  rei?;b*=se t h e  Ccxitrsctor L- ILZOCI~S e q w l  

. t o  reported e:c;lenditucs i n  order  t o  replenish tho  advmce funds on a 

Smprest basis .  Such rep1enisYi:ent s h a l l  bs r-q.;Ze r.onthly ui>on s'cib:&ssio:l . . 
of docuncats prescribed i n  Csncrd  hovisi.o?ls Clause Q, e n t i t l e d  llXllouable 

Cost, Fixe3 Fee, a d  Eeyr;?ontl', u n t i l  such t i ~ s  es t o t r l  rcinb-zrseacnts plus  

, 
. the initTcl cdvanza 'pzymen~ ebuals t h e  c o u n t  of t o t n l  est.ir;lntcd c c s t  

stated i n  Art i c l e  V of t'nlls Contrsct. Therenftcr, vouckers f o r  expc:dlt~rc.s,  

Ghich sha l l  be zzrkcd IiO -PAY1' by. the Contractor before subnis;ion, 115 11 tmt 
-- - .  

bo roicburscd, bct w i l l  be a 2 s l i e d  t o  l i ? u i d z t a  the rcxoizin,- o u ~ ~ t f i n 5 i n ~  

advance. In t t 9  evont t n a t  the  toSal a~ou; l$  of such su3scquont touc:lers 

' . i s  insuffici&'; t o  comp1otel:r l iqui5ate  t k e  o u t s t s c ' i a g  aci;rs:lcc, t h e  Con- . 
. . 

t r a c t o r  s h a l l ,  p ~ - s u m 5  t o  G:ncrsl Pro-ri s ion Clauss 9, en t i t153  "Al.!.cz-sblc 

Cost, Fixed ?ee, and Fo3~cen"Y", cake r e ~ s ~ e c t  t o  AID 01: a l l  mc+l?r.d.?d 

portions bf t h e  advaced &ll& Tw~ds which a re  not  o b l i ~ a t e d  ur=jer t3Ls 
- -. - - 

Contract a t  t h e  t i ~ o  of s u b ~ 2 s s i o n  of  t h e  " f i n a l  voucher1', In  the a-;q>t 

that t he re  w e  such outstanding o b l i g z t i . ~ : ? ~ ,  a subsequent accoun5it:;: with 

respec t  t he re to  s h u l l  be rzde i n  t h e  same aanzer as prescribed bj t h e  said. 

Goncral Provision Clauso 9. 

' ( 5 )  D c f s ~ d C ,  Provi:icnr., ' U p n  tho h ~ 2 ~ c ; t i n z  of WJ of the  f o l l o v i n ~  

events of defcul t ,  (a) t e n i n a t i o n  of tMs,Confract by r5nson of fau3.t of . 
tho Contractor; (b) a f f r A i n ~  by t h c  C o n t m c t i n ~  Osficer t h a t  tho Col::r:ct~~- 

(i) b39 f?.ilcd t o  obscrvo eny of' ti?c co*tcnants, co!;dition3, o r  van-snl ica  
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. - . . 
. - . . 

7 . -  '- 
) \  . - 

. . 
. i of t!lose provisicnn o r  has f n i l c d  t o  conply w i t h  any n a t e r l n l  ~ r a v i z i . ? ; ~  of i 

j t}ds co~$rclct, o r  (ii) h a s  so f a i l e d  t o  mnkc propcss, or  i s  i n  such vncfit- 
I i 

isfactorjr  f i n t a c i d l  condition, rrs t o  cn3~agcr ;orfor,;..unca of t ! i ir ,  Co:1-,rzc i;, 

'or ( i i i )  has al located i n v c n t o q  t o  t h i s  Csotract subs ta :~t ia l ly  c:cccrdir.~ 

roaaonable rcquirc:ronts, o r  ( iv)  i s  dc1inc;ucnt i n  paycent of taxes o r  of 

t h e  cos ts  o f  pcrforzance of this Copt ect ia tho ozdinarf course cf l2sifies::; . 
( c )  rppointmc~~t  of a t rus tce ,  receiver  or l iq*dda to r  foz sll o r  a ~ ~ 5 s i a r . t i i L  

part of tne Coatmctorl s p r o p s r t ~ ,  or  i f i s t i t u t i o x  of 'bar2.-nptcy, reorgmi-. 

sa t ior ,  arrmgeri.:nt or  l iqsiZ8tion proceedings by o r  against  the  Contrsc+,or; 

- or  (d) the  corilission of an s c t  of ban!/jrc?tcy; the Go7erracnt, k i t t o u t ' l i x -  - 

itin; m7 r i g h t s  which it cay ot'nsn*ise ha\-o, Eay, i n  its disc,-c.';ion . 
upn writ ten notice t o  the  Contractor, witl~hold Further p=yxcat.s on t E s  

Contract. Tj,-on t h e  con t f i r~mca  of ar.y scch avcnts of 25f3ult  fo: n ~ e p i ; J .  

of t h i r t y  (30) dsys af te?  scch wri t ten notice t o  the  Cantrsct,or, thc Go-~crn- 

- ment m y ,  i n  i t s  d i s c r e t i ~ z l ,  a ~ d  uithou+, l i n l t i c z  any oti:er r i g h t s  \!Sich t ! ;~  
. . 

Covernzant m y  have, tS:e t h s  follo'nli~as adciitiorial c c t i ~ n s  as i$ nay dzcz I 
appropriate in t h e  circ.nstascos: 

( i )  t l i th6rc*~ all or  any pa r t  of t h e  b2lanc.j of t!kc advanco pay- .. 
ments b;r checks payable t o  the Treasurer of tho Uuitcd Sta tes  nnd ay~l-j' 

such &!o*mts i n  reduction of cdvance pajr;:ents then ontstcriding .l:ereuc2cr 

and iu reduction;of m y  other c l o i ~ s  of tho Covcrnxent asairist t h e  Co;i:rac- 

to r ;  t 

( i i )  Charga intorek on advance payaents outstm-lint during  thc 
- -  - 

porlod of ony G U C ~  dofatilt ut thc r a t e  of s ix  pcrccnt (6;:) For cnn1z.c; 

n (ill) Dcc~uld i ~ m a d i a t e  rcpnyrr.cnt of tho  unl.illuldntcd b~larrcc: o~ 
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advance pwncn t s  hcrcu~ldor; o r  

(iv) Take posre;aion of and, vith or without nd~art,:sc:iic*xit, n t - l l  

sale, a l l  or any par t  of  the  p ~ o p e r t y  on x!lic'h t h e  Covcrtz~znt k.cts.3 licn 

under t h i s  Contrzct -d, c f t e r  dc8uctin; any expenses i ~ c i d c n t  to szch szlo, 

ep]:b t ho  ne t  proaccds of sac11 s a c  i n  reducticn of tlls m1iquidntt.d b n l v : ~ t  . . 
oZ advence pzpzents he~aur.dor e.rd i n  rcduc t5on of '  any other  c1ai.x~ of the 

Qwern;..cnt against  t h e  Con5rac tor.  
. . , . 

(6) boi,tb:ticn e,::iir,:+, iissi rr:~.ent. :!otwiths.ter;j.ing axr otkcr '  F:io.: i- 
- . .. 

s i o n  o f t h i s  Costrcct, thr: Co;ltrcctor s h a l l  not t ransfer ,  ~ l e c l ~ c ,  o r  o',hc~*- 
. - .. 

wise assign this Contract, o r  azl;. - i n t e r e s t  t>c re in ,  cr any c123.m cricir.: . .  ! 
a 1 

thoreu?~c?er, t o  part;r o r  pz r t i e s ,  hri.:, tr-clst con;n;,an;r, o r  0tiir3r L"j.as11- t 

c ing  i n s t i t u t i o n .  I 

I 

(7) rie?rase;1',3tions 5 t To in5uca the ~a?Jag of t h c  

advance ~ ~ r - e n t . s ,  t 5 e  Contractcr' reprascnt ;~  and xarrnnts  thsi;: 

(a) KO l i t i g a t i o n  o? procecdir.gs m e  prasent ly pending OF thrc7.t- 

eaed agcihat  the Coztroctor . 
c (b) Xo2e of t h e  p r o ~ i s i o n s  h e ~ e i n  contravo:les o r  i s  i n  colrfl ict  

' 

with tho ru thor i ty  ~ 1 5 c r  &ich the  Contrr?ctor"is doin5 bu:?'.nscz o r  w!.!h t!:c 

provisions of any existcr.; I l ? d e ~ t ~ w ~  or  c , ~ ~ c c ; z c ~ ~  of tho Co:~L,rc?ctor. 
* 

(c) The Contractor has t he  pover t o  cater i n t o  t h i s  Co:itr::ct. ;:zd 

accept uclPancc pay~en tu  herd-~ic',cr, . r a d  has t t ken  all ncccssary ncf?on t~ 

autliorizo such ncccpto~ice ur;dcr tho tcr:e; a d  coaciitj on5 of t5is Co!ltr*zc+, a 

(d) Thcro has b.2cn no nssigr-m;t$ of c:a:j,.:.s u?dcr un;, contrcct  

. .  
t . 
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&nt, such a s s i ~ ~ ~ x c n t  h s s  been tcrzdnatcd. 

' ( c )  a1 infozi.r?tion fiznis!lcd by the  Contructor t o  t b i  ,!,5::5.::ig!..~r.- I 
ing  Office i n  c o x ~ e c t i o n  wich e n c l ~  roquest f o r  a<\?snca pay;:.c:lts is tnrc p.11.i 

. . coi-rect. 

(f) These representatiozssnd warrc?ties s!lsll bz continu.in:;. rend I 
 hall be deened t o  have been rezceted bj the  s~S.dssi03 of occh L:vcice f o r  

advnnco r;aj--,e>t; I 
( 8 )  Co-~r:lz:its. ~ = i &  the, pcriod of t i x e  thrt advance pc\2::;r,cnts cny -- I 

be. nzde h e r e ~ q i e r  cn?i,,so long a s  an; such ad~an-s pe)xcnts rczzin ~ 1 5  ;ui- I 
dated, the Cmtractor  s h a l l  not, vi thoat  t h e  p r io r  s:ritt.cn co::sc?.t of tke I -. .- - -  - .  - -  _ _  . -- -- .. .- - .. - - I 

. Contrec.tiri2 Gfficsr,  rco=..i;g~gc, pledge, o r  'otbe~.;i&.-6acu~33r, CF- sr;?ft.,r - t o  - - 1 
i 

-- 
' be encu.,5ered1 any of tho assets of t h e  Contract r.os ~ ~ z e d  o r  i.crcnf ts-r 1 

b 1 
acquired by it, cr pax-it arv  re-cdsti~~ rrort~agcu, liens, o r  othcr  e:~c~vz- I; 
ai lozhtca .tc t h C  p e r f o r a ~ ~ c e  uf t h i s  Confrcct =d s i S h  respect  t o  .:!:ici: t!-c 1 
G3verr,-,ent has a l i e 3  hereu?der. . .  

. . -  

(9) L&sl!n3tioras - cn'?. D%t.r:r::4r..n+,lo& 

(a) Amz~t. Tie a ~ j r c g a t c  a?zot~?'t of t h e  rdvw.c.e pn:;:.mt to b:? 

made herecaior (loss t h e  aggregate mo~mts  p ~ i d  o r  uiti-.drrr:;n pur.~-r.:~+Y t o  - 
parapapb (3) shnl: not exceed 573.. 

I 
(b) I n t c r e s t  Ck.ar~e. Iio in tc rco t  s h d l ' b s  ckargrd 207 adtTtnce3 

* 

p a m a t s  d a  harcu:5cr, except i n t e r e s t  during a pcriod of d c f n c l t  ns 
. b  

provided f o r  i n  pclra!;rcy.h (5). 

(c) A&~dnf stcri9,- Officc. The of f i cc  adn:inistcrtn,- a2.rz11cc 1 . 2 ~ -  I 
~ e n t s  i s  Ccs ipntcd  ns Oi'ficc of F i l ~ i x ~ c i a l  l.:ucz!;c;.;ont, AID.  

BESTAVAILABLE COPV 



adcquatc' s c c w i t . ~  for ndvance. p ; ~ t . n t i  hareulder, cxccpt tl:.?t i1' at e-::y ti!-.o 

bc inzcicqwtc, the coatrzc tor s h a l l  f w n i s h  sucll' cd5itj  oml necu:*i t j  r.s :-.:ry 

be satisfactory t o  the .Ad:n:nisterin~ Office, to  the e-dent  that s ~ c h  a2dF- 
. . 

. . 
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u d E :  March 16, 1976 I 
' TO : AA/TA, D r .  

4 : TA/?PU, 

S T :  Saques t  f o r  a d A t i o n a 1  funds  t o  i n c r e a s e  scope o f  work i n  
X r t i f i c a l  Propaga t ion  o f  M i l k f i s h  P r o j e c t .  

Subject a c t i v i t y  was approved a t  a l e v e l  of $450,000 f o r  a  3 y e a r  r e s e a r c h  
e f f o r c  and f i n a l l y  con t r ac t ed  a t  a l e v e l  of  $498,532. TA/AGR i s  no3 
r e q c z s t i n g  an anendment t o  t h e  c o n t r a c t  t o  i n c r e a s e  t he  funding l e v e l  o f  
:he c a n t r a c t  by $35,800 t c ?  i n c l u d e  a r e s e a r c h  e f f o r t  on m i l k f i s h  which 
3ad n o t  besn  inc luded  I n  t h e  o r i g i n a l  c o n t r a c t .  Approval of TA/AGB's 
r s q u e s t  uould b r i n g  t h e  t o t a l  c o s t  o f  t h e  c o n t r a c t  up t o  $534 ,332 ,or  a 
19: h c r e a s e  over  tt.3 approved l e v e l .  I n  accordance w i t h  Handbook P3,  
c 2 a p t e r  3, i t  i s  n o t  neces sa ry  t o  o b t a i n  EIr. ~ u r p h y  's approval .  

Fa coqc-ar w i t h  t h e  i n c r e a s e  scope of work set f o r t h  i n  TA/AGR memorandrln-_ - 
and rec-end your  approva l .  

/- 



Ihe program has t o  be envisabed as a series of steps, each representing 
progress to  the udt imte  goal of successful a r t i f i c i a l  propagation of 
milkfish and inproving f a x i n g  rrethods. 

~- The program act ivi t ies  are therefore a logical seqwnce of events and 
hopefully successes \hi.& enable the objectives t o  be reached in tile 
s k ~ r t e s t  possible t i n e .  k i n g  the process it i s  known from cspericnce 
that  short-term research projects \Till be necessary to  ensble the nest  
step ' to  be rade. S u h  research projects \Jill be undertc&en a t  once. If 

' an aspect of the vmrk indicates a lcr,g-tern research project,  then action 
 all be taken to  obtain the support elkcwhere. For exarrple, problem 
with disease other than the, basic control of bacteria w i l l  be pased to  another 
center. 

It is hoped that the progress of the study might pursue the following pattern 
within the given tire f r e :  

- 
Year 1 - Select s u i t h l e  broodstock. . - 

- Conmcnce collection of physiological dzta on reproductive cycles, 
identify stages of egg and spenn. 

PLLI. L . A b \ U U  AJ G U Y I U L I  YACCL-LLQL J 

gonadotropin as indicator. 

- Develop larval rearing techniques following successfd. incubation 
of any fe r t i l i zed  e g s  obtained. 

--- . - Iden t i fy  individual brood f i s h  reacting x e l l  t o  injecticm and with 
hi& quality e a s  o r  spern  as indicated by larval  survival. 

- Arrange a joint s e n d  w i t h  Auburn Wversity a d  University of 
Rhode Island. Visit U. S. AID a,?uaculture project in P h i l i ~ p ~ e s ,  
Tungkmg Fisheries Ins t i tu te  in Taiwan and survey Japan's recent 
progress in cage and pen constructicn. 

Y e a r  2 - Upgrade levels of act ivi ty in larval rearing technology. . 

- Formlate mass propagation tecMques &ing cmtrol led data following 
studies in f i r s t  year, i . e . ,  larval density, food density, etc.  

- Exchange personnel with Auburn University, and apply resul ts  of 
the first year v.here applicable t o  the U.S. .4LD ~ i q u c d ~ e  project 
i n  the I1hilippines. 

Y e a r  3 - Extension t o  be detemined by 18 m t h  review. 

%A detailed m r k  plCm w i l l  be supplied t o  SE2 by Ocearlic Foundation thro* 
WAGR in draft  \li,dxin six wedcs of this date. 

_ -.___. d t S I  AVAILABLE COFV 
... 
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A. Personnel Sa l~ r i e s  and lt'ages 
Ycar 1 - Year 2 Ycar 3 Ycar 4 Year 5 

C. E. Nasll, Ph. D. (20% timc) 5,000 
C. 11~1. Icuo, Ph. D. (33% t in~c) 20,000 
-4. C. S:xitB, Ph. D. (2C% ttlmc) 5,008 
Two - rcscarch assistants (100%) 222,000 
Tcchicinl:~ (one thc first ycnr, 

two thc sccolid p a r )  (100%) 9,000 . 

Sc tto::tl 61,000 

5 percont a r ~ u a l  
cost-of-liviog incrcascs 

I 
I 

C. Combined Salaries + Bcncfits 

D. E.upcnci,?'olc Supplies 10,000 --- 13,800 10,000 10,000 . 10, 000 

2. Pcmanent Equipment . . 

. 13,GlO 15 '390 16,790 17,420 18,080 1 , I  H. Contingency (10% of A-G) -2- t I 

I *  I 
I ! I .  

TOTAL 149? GSO __-- 175.000 I 191, GI0 -19S, SSO ---- 
Note : Budget h v e  is swes fed by TA/AGR a d  slould t c adjusted by Oceanic Foundation to c d o m l .  t o  RAC ' 

I 

Appr- of fbdjng of $250,000 first years, and depending on 18 m t h  r@ew and a total of . , 
. . $450. ooo far first three years. Furq~a ,  RN: qpr0~il1 will need to p-eed t o  a mtal of mt  tO j , 

. exceed $870,C00 for five years. 
I .  L 4 . . - 

BEST AVAILABLE COPY , 



L- - '. 
A I D  I T j O - \ X  1. Cuoporat~nq Country 

(7-7:)  . f)EPARTl\tt.. .OF STATE 

AGENCY FOR 
INTERNATIONAL DCVELOPMENT - .  

'IO/T PROJECT IMPLEMENTATION 
ORDER/TECHNICAL 

?he A r  ~ i f i c i  ~l I'ropagation of l~Elk£ish A/  ; L- ?- - 
I SERVICES I I 
I I 

DlSTRlBUTlOH 15. /\prroprin!icn Symbol 16.A. Allofmnnt Symbol and Chargo ; 6.0. Furtd, Allotted ta: I 
1 
I -3 .- i - @C,i'f- [;l) -;%~-5/ ( n A.1.D.M' O ~ i s s i c n  

7. Obii70tion Stotus le. Funding Period (hlo., Dny. Yr.) f 
a Adminirtrativc Reservotion 0 Implementing Documont )  ILL(!^^ !.?/1/76 

9.C. Coniplction data of Survicos 

E 
9.A. Scrvicas to  Stert (hlo., Dny, Yr.) I (hlo., Day, Z'r.) 

f 
Detwesn 1 ? / I  1 ? [ ~  and . 1711 5/74 12/ l/ 77 f 
10.A. T y p  of Action 

Coopcroting Porticipoting Agency 
Q.A.I.D. Cantroct Country Contract Servito Agreement Other 

1 .  /.g * 

73'by' D a t ~ :  ////4'7L~1~~~&, C. G- -\ :. . /~ /d7~/  ', . ' /AGR, . 11. Rice , .-. . ,, (1. - 

10.8. Authorized Agent 

m/w 

-. The .cop o f  work 61 wit'iln Vte puryiew of the init iotlnO dnd ' D. 
t p p w o d  Awncy  Fropromr '&& ~~t~ : ,/// 5-/7f M/RIG, PI. Am: L. E1cs:;cl l 

' CA/AC;R, G .  Baidt\b.'k ~ a t c :  
F. 

X/ACX. R. IIOIIWS )i'yd k t c :  1 f l  r /  7v' TA/ytl - ";ite : 13.1 !;I]'! . " --- ! 
For t h r  rncbp+r~tin> cwntry:  The t.rmm.n~tJ ronditlons 17. f o r  - 13. D a ~ o  of S i g t ~ o ~ t ~ ~ m  

w* b t h  ,hsrrh are hmrc by ogromd. t o  

/ 7- ./'/ .; ,* ; , , '  
: r. on4 d e e t  I 

(1 ) (2-1 (3) (4 
Previous Totol  lncreose . Decrease 1 otal to  Doto 

250,000 . -*- .-, --- .-. 
- - . -  . , 

. "-.ad I . - - - -  .. .... -,- 

.-.-. . . - -  . .  

Estimated Financing 

$1 .OO= 

BEST AVAiLABLi COPY b~ b 

11. 

Moximvm 

A.I.0. 
Financins . 

12. 

C ~ o p e r o t i n ~  

A. Dollorr - -. 
8. U.S.+wnod 

Local Currency 

A. Counterport 

. -.. 

. - 
!irsion 

Lferences 

to.. 

-.  . 

14. Instructions t o  Authorized Agent 

Tnis PIO/T requests the Contract Office to  
.the Oceanic Fo~mdaticm, b?aiw.alo, Fmaii  
described in Block 19' herein for a 3-year 
Decan&er 1, 1974. The estimated cost of 
and the es t inu~ed cost o f t h e  first 24 
by E2.C on October 17-18, 1974. This 
m d ~ s  incremental ?5mding. Thc balance of the funding sl~ould be provided 

p, .r', '. . . . by ND. . 

subsequently subject t o  reviews and availability 0:: funds. .Nay be necessary , . , 
t o  mdify thii;: work plan whell a detailed work plan is sdm?LtLed c21d revicv.~c:: 

A t  t adnnl t s  : 
A. &neral W c  Plan; B. Budget i 

I 
'I. Clearances - Show Office Symbol, Signoturo on: Doto f a  all.t;scesrory Clsorancos. 

-, . - 
.... The a p ~ i f i c o t i o n s  i n  the s;cpo of work ore tocltnicolly odcquate ) B. Funds for tho sewicos reqwstcd orm avcilabls 

I 
1 



n e  ~ j o r  cmpnents  of the proposed program by the Oceanic Foundation are to  
develop effective and controlled means of producing seed f i sh  T a n  ~ h i c h  mame 
f ish production mterprises are based and to  develop effective distributicn 
system. 

a-Le primary goal of the project i s  to deve l~p  the a r t i f i c i a l  propagation of the 
milkfish i n  tl-ie shortest possible t b .  l'he goal w i l l  be attained by a direct 
assault on those aspects ham to  be necessary t o  achieve that  end. In a d i t i o n  

- t o  the practical. production, which w i l l  be evaluated by the cost effectiveness 
of juveniles produced each year, a nuliLer of specific research targets 1.511 
need to be adxieved in order t o  supply the detailed sciznt i f ic  infoxxsiti~n r z q c k e i  
for direct  progress t ~ w d  the overall goal. (Continued) . 

C. Technicians 
(d) Duration 

- 4  b..'3""*,.' 
- (1) (a) Number (b) Specialized Field (c) Crode ond 'or k l o r y  (Mon.Mont - 1 

See Attachment B 

, Poge 2 of Pager 

0) Duty Post ond Duration of Technicians' Services 

Contractor's location in Hawaii and such other locations as  the part ies agree qm. 

PIO/T No. NU 135,9- 1 X 
(9-70) 

(3) Lan9uoge requirements 

English. 

$\jg?&f$gxtr~ 

PlOrr  

(4) Access to Clossifled Informotion 

None c o n t q l a t e d  a t  this t h .  . 

P r ~ ~ e c l ~ A c t i v ~ l y  No. ond Ti t le 

The Art i f ic ia l  Prqagation of Fi l ld ish - 

BEST AVAILABLE COPY 

- -. SCOPE OF WORK -- 
19. Scope of Technical Services 

A. Obiective for which the Techntcal Services are to be Used 

TO learn h m  t o  breed and rear juvenile ndlkfish in captivity in sufficient 
. quantity t o  supply small fanner cletmnds i n  LDCs at the "farm gate". 

i? 0ependents W i l l  0 W i l l  Not . Be Permloed to  Accompl~y T echnlclon 

-, . 
- - - - -. -- --. - - - .. 

D. Financing of Technical Senlces 
-- -- -. . 

t ---------------------____-__ _ _ _ _ _ _ _ _  
(1) BY AID * s 250,000 (2) BY Cocporoting Country - 



~ 1 0  135.- Coop*'a**ng Covntvy P l O i T  No, 

Nor ldwide .Page 3 of Pages 
(9-701, 

P r ~ ~ e c t ~ A c t ~ v f i r y  No. and Title 

l'he Artificial Propagation of Milkfish 
I 

. ZQLqutpment  and Supploes (Celoted to t h e _ r e n ~ c e s  dcscrrbed rn Block 1% and to be procured o u t s ~ d e  the Coopcrattng Country b y  the s u p p l ~ e r  
of rhoe  sewtces)  

-- - - . - . - 

. (3) Estimated 
.A. 11) Ouontity (2) Descript ion Cost (4 )  Special Instructions 

To be detailed by the contractor and WAGR and mde z part of ' th is  PIO/T 

8. Financing of Equipment on2 Supplies . 

(11 BY AID - 5 (2) By Cooperating Country - 
t 

21. Special Pravismans - - - - .- - - . -  

.B A. T ~ s  PIO.'f i s  subject-to AID (contracting) (PASA implementation) regulations. - 
- .  

B. Except os specif ical ly outhor;zed by AID, or when local  h i re i s  authorized under the terms o f  o contract wi th o U.S. Supplier, services 

authorized under this'  P I 0  'T must be obtained from U.S. sources. 

r ; 
v --.- 

C. Except as specif icol ly authorized by AIDsW, the purchase o f  commudit irs authorized under th i s  PIO,'T w i l l  be l im i ted  t o  the U.S. under 

Ceogrophic Code 000. 

@ D. Other (spec;fy): SPECIAT., P?.OVISI@?IS - Prior to  d i n g  any visits to  D C s ,  the Contractor 
w i l l  review h i s p l - m i i i t h f i 7 ~ .  He w i l l  keep AID 14issicns in countries t o  be vis i~ec;  
fully in fomd of proposed vis i ts ,  ask them to  provide any advice they wish regarding 

and 'content of the v is i t s  and to  participate i f  they desire, and w i l l  inforc: dx 
Missions of the outc-s of consultations. He w i l l  nlalte his appointmnts and 
3-gistics a r rmyrcnts  tiirectly. I!~c~:I c 3 i ~ l e t i m '  of Fiiy prcjcct h J c d  travel, :: cc,;y. 

the tr ip  report w i l l  be provided to Lhc M/>.Ci -Project ilm.se,er. ' h e  report f ~ ) l ~ i k ? t  

-titU&we-*- . - .  . . . . x . t ~ ~ . E r o , j  cct Manager . 

(can tinted) 
BEST AVAILABLE COPY 
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AID 1350. J X  I / ~ o o p e r o t i n g  ~ o v ~ : t r y  I PIO.;T No. I 

I 

22. Reports b y  Cantroctor ar P o r t ~ c ~ p o t i n ~  Agency i lndlcote type', content and formot o f  reports required, inc luding longucge t o  be used ,f orher 
than English, frequency or  t iming of reports, and any specia! requirements) 

19-70) ' 

Fifty (50) copies of ar.,,:ual reports in English w i l l  te required 45 cia s after the 
armiveriary date of the cuntract. Guidelines for F'reparat~on cf the &search 
Annual Report are attached and should be an at taclmnt  to the contract. 

, JJarldwide I - . j P O ~ O  4 of p a g e s  -- -- 
roject;Activity NO. and T i t l e  

&e Art i f ic ia l  Propagatim of ~ ~ ~ l k f i s h  

. - - ---. 
>oc'rytuu#ld :~r(urmuiion iAddii;ur~u: ;r~;u.tttuaiun vrc;u: a u  -ui;~uriacu' Aycrti <md Fru,pxtiwc iunrrc lc turr  u a  ?u,i;sipuiirty Ayerlcr, ;; 

I 
.ecessory cross referrncc Block 19. C(4) obove.) I 

L 

In addition t o  ccordinating i ts  plans and operations with the AID project m i t o r ,  it 
is expected that  contractor shall  have access to research resul ts  developed under 
other AID resea-ch and technical assistame contracts. 

. . i 

14. Relotlonship of Conrroctor or P ~ r t i c ~ ~ o t i n g  Agency to Cooper~ t ing  Country ond to  AID 

A. Relotionships ond Re.sponsibilities . . 

Contractor s'mll coordinate its act ivi t ies  and plans th rou~h  the AID Project I M t o r  z-;. 
i t  is expected tbt contractor shal l  have access to  research resul ts  developed mder 
other AID research t e c k ~ i c s l  assis tmce contracts. 

B. Cooperating Country Ltoe som Ollg cia: 

Activit ies i n  any comtry trill be cleared and coordinated through the AID Mission. 

t. AID L ~ o i r o n  O f f i r i o l s  

Mi. Lrcon F. liesser , WAGR 
Dr. Harold L. p ice ,  WAG3 

BEST AVAILA'BLE COPY . 



- FORM SYMBOL 

Indicate block 
numbers. 

19 B 

DEPARTMENT O F  STATE 
AGENCY FOR ~lorksheet a l r s v o n c e  PAGE LOFPAGES 

INTERNATIONAL DEVELOPMENT 
-- - 
1. Cooperating County 2.0. Code No. 

, 170rl&iCe 
2.b. Effective Dote Z.C. 

TITLE OF FORM Amendmert! 
0 0 r i g i n a l  OR No: 

5 f'~oiest/Activitv No. ond Title 
( ~ h c '  Arti f ic ia l  Propagaticn of Y i M i s h  

I 
Use this form to complete the informotion required in any block of a PI0  or PA/PR form, 

1. Broodstock collection and holdirg. A considerable nm5cr of 
brwdstock t r i l l  be czptured fo r  research r a t e r i a l  , to  indicate h ~ s b ~ . i - : r  
requirerwnts for holding adi.llts, for  i l lus t ra t ing  their  food r c p i r c -  
ments, =d for providing e large gene pool for increasing the chances 
of good larval survival a f t e r  breeding. 

I 
Difficulties have been experienc4by everyone mrking trith r i l l d i s k  ir. 
obtaining large f i sh  ~.jniCh survive . capixlre ar-d s&secp.nt 17andli11g. 
Present practices used by the Foundation lave been t o  hand12 s . x . ~ l c  
the gmacis of youp.ger f i sh ,  getting them used to  the techniqve as  ti:q 

Each f i sh  on s i t e  tnllh nmbered by year)ciass a d  sex, and i t s  life 
history recorded while it is  i n  captivity, particularly deta i ls  of 
spaming, subseq11cnt f e r t i l i t y  and survival a d  g m . ~ h  of i ts  o f f  sprS.il2, 

H .  C ---A: Cz - 4  -1 ---,---t4'- e~rctnn- r i r ; n o - m r i q  r\lir!:ly.; 1 v -:., , ; ::. 
lilt: bWCt=88 01 Zl aL LIIILACLI ~ L V ~ . ~ ( . L ~ - C V I .  - --. -rr -----. r--.. - - ..--a 
quality . a d  quantity of broodstock resources. Large nurrber-s c: s a : ~ i i l y  
mature individuals nust be cmtained i n  good health ur,icr acceptcble 
e r i v i r m n t a l  conditions in order to reproduce and yicld visble off s ~ r i . 1 ~ 2  

1 S- essential external conditions for broods tocl: f ish  requiri np. reei~a.;~; : 

I are suitable water qualrty, a nutritious d ie t ,  high s ~ n & d s  o? Syc;ici:l- 
and limited physical disturbance. Eut mst k ~ o r t a n t l y  the broodst.>cl-c ' 
mt be exposed t o  the correct m v i r ~ n m t a l  farmeters rchich ~~I~I:EI;cc? 
the physiological c h g e s  in the pituitary gland and .s tinulare the 
p a d s  to seasonal ra tur i ty .  

b h y  experimr-ts with f i sh  have used g m d  developnent to interpret 'ikc 
effects of certain errvironri~ntal regulators on the reproductive cycle. 
Amsng tlhe factors concerned m e  t q e r a t u r e  a d  photoperioci bhich 
in i t i a t e  pituitary activity.  a l e  relat ive bqortance of each t-aries 
with different specie& of f i s h  . 
The project: w i l l  epply tile existing h,a*ledge fcr maintcxi.nir.g captit= 
M ~ g i l i h e  in the cost  suitable env i ron i i t  for breeding to  mzint~~i-11; 
czptive ~1i3Sis11. It w i l l  corl-centra te on cietails of enciosurc s izc  ,: 
population' dmsity , health, s c w l  dcl,relopxr~t, behavior cnvj TO;-.I:L.I :L. 
controls and m i p u l a t i m .  The objective is t o  deta i l  the canditions 
for holding laxge nuhers  of .broodst:ock throughout the year, m.d to 

' phase t h e  spnminy, process to  establish year-round production of fertil' 
eggs. 

BEST AVAILABLE COPY 



C U N ~ ~ N U A T ' ~ O ~  
SHEET 

FORMSYMBOL 

tndieote block 
numbers. 

19 B 

DEPARTMENT O F  STATE 
I 

AGENCY FOR 1 

TITLE OF FORM 

INTERNATIONAL DEVELOPMENT 

( The Artificial Propagation of Milkfish .-  

1. Cooperoting County 
Vor k.%Jick - 

2.b. Effoctive Doto r 
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Usn this form to conrpleto 111s i~~forinotion requircd in ony block of o P I 0  or PA!PR form. L 

i 

2.0. Code No. I 
2.c. ! Amendment ; 
0 0 r i g i n o l  OR No: I 

2. Induced breeding techniques. me physical contaimsnt of f ish arid 
their wlztenmce in c~p t iv i t y  for hi$n sut-vival are not generally 
dif ficula prcblurs . i'~.iil!ri'lsh rcaiily beccm dmst ica ted  , es tes t i f  icld 
by centtries of pond fa r ing .  Tney grow in  captivity and are tech- I 

! 
nically rixiture, but irdividual f a a l e s  brill cot und-go the final 
stages of gmtogmesis and spam in captivity. A t  present these 
stages need the ar t i f ic ia l  stirmlus of h o m e  injection to  c q l c t e  
the breeding cycle. 

3. ProjeetiAcrivity No. ond Ti t le  i 

.The_ project  ill use the induced breeding techniques already established 
for 13.0 )kgilF&e and use p,artialIy purified salmn gonadotr~pin 
SGG103. It w i l l  s ~ e c i f y  a tect..ique, providing data on the cr i t ical  
tim for injection, dose rate and frequency, subseqcent Ze-{elopxnt 
proce$ures and beb~riorzl reactions. An h-portult objective for induced 
breed- is to select a h o m e  ~ihich is widely available and to  
s t ~ ; ~ c X z e  i r s  ~ctzztz; a.' estAlich spmming d~sage agcunst egg 
nraturity . 
Finally, present induced spawning techniques are applied to s t h l a t e  
the final stages of developrent. 

3. Egg and sperm qualit-j. E s  and sperm quality \Jill be judged by 
xnicroscopic gross appearances a d  subsequent fe r t i l i ty .  Tne ~xinbmm . 
of histological e sa ina t ims  w i l l  be mde to  establish a sequential 
record cf e&ryanic developmnt to which all subsequent cbservatims 
can be related. I f  poor l ava1  survi17al i s  ~ e r s i s t e n t ,  then detailed . 
but short- term studies on the biocher~ical ccqositicn of the eggs w i l l  
be necessary ir, crcer to establish that induced spaning does not 
influence deve lcprrent de tr ixm~tally.  

&.ce em and sperm quality are establiskd, .it i s  anticipated. that there 
w i l l  be s i p i f i c ~ n t  variations bemeen individuls.  Good f i sh  w i l l  bz 
nnrked for their capacity to prod~ce good quality gamtocytes a d  used 
individu~lly year after year. h early start ickntifying gmd f ish i n  
this way w i l l  begin a genetic zspect of the prcgram. 

4. Egg inc*Jnticn ar,d lzwal  survival. Xnvironr.mta1 cor~trols &%i.;.,; 
larval dcvelopmt have concatrated rrustly 011 t q e r a m e ,  salinity, 
pH, osyI;en arld li&t intensity. nley a l l  influence the rate of 
incubation developnmt and/or survitral in .san?e way. 

Iiacevcr, thc success or' the 1ma1 rearing tcchniqve and the c c ~ d  to 
bccor~le involved in short-term e q ~ e r i n ~ n t s  b i l l  be judged by thc ;ml~v .~ i  
production fi,wcs from the hatd~cry opcraticn and frml observ.3tiolls 
mdc during the process. If salkity chmges are indicated thr!n a seric!: 

(Con t inueci) 

G P  I) 4(1...49+ 

\52 TT 
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I N T E R N A T I O N A L  D E V E L O P M E N T  

TITLE OF. FORM 
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2.c. Amendment 
n 0 r i g i n a l  OR NO: 

w o r s e  0 I~~~~~~~ 

1. C~ooorat ino Countv 

3. Ptoiect/Activity No. ond T i t l e  

The Artif ic ia l  Propagation of Milkfish 

P A C E  Z o ~ ~ p n ~ E s  -- 
2.0. Codo Eio. 

Indicofe block 
numlers. I Use t h i s  form to complete the information rcquired in  any block of a P I 0  or PA:'PR form.. 

of short-tern research e-qerirrmts w i l l  be conducted t o  indicb'te the 
right salir12 r e g i ~ c  for o;ltimizbg producticn. Sk i l a r ly -  short-tern 
e x p e r k t s  ray bz ccnCucced for li&t intensity, water q u a l i ~ y  , fcod - E S .  density ar.d food r e 2  

For wmple,  it MY be necessary to work on the ckxmges i n  body fluids 
in varying sal ini t ies  to  establish the tim a t  ~ h i c h  t i ~ c  larvse a n  be 
aposed to lmier sal ini t ies .  Tine wrk  \Ji l l  be perfon-r.ed in rcpl-lcate 
aquar-ia and in  an existing density c o l m .  

5. l-!!tchery dj-stnibution. Mass propagaticn i s  ineffective without 
satisfzctory rzans to distribute the ju~.7miles safely t o  the f& a d  
the farmrs requiring thun. 

Handling'o?eratims for ioung fj.sk can be d e t r h n t a l  to  the i r  s~mivni.  
x I.LL~I-lulin~ 8: ..L. -. -7 ;Y?=! c~;2rcr0.~:d~~,  ~ ~ r c 5 - ?  &.cixi~~ 0~3721 frm the 1.77 +er 
use< for  transport, rzpidly reduce their  ntzbers. 'I'he i m i  projecc 
for  the mss propagation goal t.Jil.1 be to  test the 'best  re.t%.ods of 
transports tion. for the j w m i l e s  . 

2. It is  TA/CiRfs uxderstandhg thzt work cn d l e t ,  t:ell aAr:r~!ced a t  
the Oceanic Foundation, %rill be ccntinucd on funds other tkzn th is  
project. It is cons'idered essential t o  the 6uccess of th i s  projcct that 
the d l e t  work be continued and should it not, AID should be mtiziei: 
prior to  its tasxhat ion . .  

3. Reviews w i l l  be a t  18 mnths and egain a t  32 nnnths. The otltcare 
of the 18 mnths review w i l l  deterr.tine program directicr, in the t iurd i 
ear and-the outcorn of -the -32 mnths revia{ w i l l  detez-mine, p,+et&r. -rcrc P s neea ror auul~Lu~~dr.  1~3ca1-u~ rn me romm a l u  fifth year- , -.-A 9 

so, the funding level for the fourth and f i f t h  y-s. 1 
f 

4. During the l i f e  of this project no resesrch, design, nor co~structlc;.  1 
of pens or  enclosures for c o r m c i a 1  f is11 production w i l l  be carried out. 



lop. 

GUIDELINES FOR PREPARATION 

OF THE 

RESEARCH ANNUAL REPOXT 

The a t t a c h e d  g u i d e l i n e s  s u g g e s t  t h e  
format  and t h e  d c t a i l  f o r  a n n u e i  r e s e a r c h  
r e p o r t s  t h a t  a r e  r e q u i r e d  i n  a l l  r e s e a r c h  .. . 

c o n t r a c t s .  The I e s e e r c h  c o n t r a c t o r  w i l l  sub-  
m i t  t h i r t y - f i v e  c o p i e s  of  t h e  r e p o r t  w i t h  

- a p p e n d i c e s  t o  t h c  A.I.D. P r o j e c t  Manager. 
The X.1.D. P r o j e c t  Manager w i l l  submit  two 
c o p i e s  t o  i A / R U R  and two c o p i e s  t o  t h e  A.C.D. 
R e f e r e n c e  Cen te r .  

The o u t l i n e  s h o u l d  p r o v e  u s e f u l  t o  t h c  
c o n t r a c t o r  i n  p r e p a r i n g  t h e  r e p o r t ,  and 
p r o v i d e  an irnprovcd b a s i s  f o r  annt~a l  p r o j e c t  
reviews.  The c o n t r a c t m  i s  encoul-aged t o  
d e v e l o p  a s e l f - c o n t a i n e d  r e p o r t  a s  o u t l i n e d  
below i n  a p p r o x i m a t e l y  E i f t e c n  dol tble-spaced 
pages.  A d d i t i o n a l  r n a t c r i a l  may bo! annexed 
a s  n e c e s s a r y  f o r  a comprchensivc  I - c p o r t .  
The f i f t e e n  p a s e  r e p o r t  i i  i titend@!d t o  
p r o v i d e  a b a r e b o r e s  statcrnerl t  o f  1 . h ~  e f f c c -  
t i v e n e s s  of  r e s e . l r c h  r e s o u r c e s  an(l methods . 
i n  p roduc ing  r e s ~ a r c h  r e s u l t s  a c c o r d i n g  t o  
annual  work p l a n s ,  and t h e  s i g n i f ~ c a n c c  of ' 

t h e s e  r e s e a r c h  r e s u l c s  f o r  t h e  s o l u t i o n  of 
t h e  p i  oblcm b e i n g  addressed .  Xnncxed m a t e r i a l  
i s  c s 5 e n t i a l  f o r  a c r i t i c a l  r r v i e u  of  asscr- 
t i o n s  r e g a r ~ i n g  f i n d i n g s ,  s i g n i f i c a n c e ,  e t c .  



REPORT SUEPaY 1 / - 

'A. 1. Project Title and Contract Number: 

2. Principal Investigator, Contractor and Yailinp Address: 

3. Contract Period (as amended): 2 /  from. - to 
4. Period covered by Hcport: froin to 

- 5 .  Total A.1.D; funding of contract to datet - - 

6 . -  Total . . expenditures and obligatio~~s through prcvious contract year: I/ 

1. Total experfditures and obligations for current year: 3/ 

8. Estimated expenditures for next contract year: 

3. Narrative Summary of Accomplishments and utilization 

. . 

(1n thls space provitlc a concise 
statement of the pri11cipa1 accomplishments 
during ( 1 )  the periotl of the report and 

. (2) life of the p r v j t . c r  in relation to 
research objectives .rnd actual or potential 
operational signif ic.tnce. 

This information docs - not substitute for 
a full discussion of'tlrc snmc points 
required in the body of the .Annual Research 
Report as outlined below.) 



Identify significant problems or accomplishme~~ts in the progress 
of the projcct related to the volurnc, eifcctiveness, or scheduling 
of thc manpower, equipment, ~ravel, ctc., ~nadc available by thesc 
expenditures. 

Discuss significant changes or rnodif ications in projcct manage- 
ment, in the staffing pattern, physical fdcilitics, institutional 
environment, etc. 

G. Work Plan ar.d E l ~ u q e t  Fort cast for Co!:~ii~g ?'c;lr 

Taking into consideration thc past year's progress and cxpcndi- 
tures and the work rcnaining to be done 0;-cr the I F E : l  of the project, 
present a work plan and budget for the coming year. 

2. procedures t o  be used and activities to be carried 
- .  out. 

* 
3. significant factors that you anticipate that will 

promote or impede acc0rnp~ish;l~ents. 

4. a plan for disscmicatio~~ ant1 utf li z a t  ion of the 
expected resu1:s of the research i : ~  the Lf.S. and in 
LDCs as applicable. 

5 .  a budget stateiccrit illat shows p l  ; lnncd cxpendi turps 
for each of the ma ior inputs (pdrsonncl, equipment, 
travel, LL)C j.t~\l~lvm\ent, e t c .  ) ;~~r:~rdin,! to thc 
major accur~pli: I1mc11t s .  or work t.:r\:ct s that are 
planned for the- co;niu;,: ycarl's work.  

Reports of technical data and analyses (Par. D. 2 ) '  
A bibiiographic list with a,bstra:ts of papers and publications 

(Par. E. 1) 
A list of uses made of research findings and reports (Par. E. 1) 
Other appendices 3s  appropriate. 



11 I1Report Sun-ul~ary'~: S t a t i s t i c a l  Information (I tem A) and t he  - 
Narrat ive  S~lmmar!~ of ~ccorn~l i shments '  (Item U) should be 
reported on a s i ng l e  page. This  page w i l l  bc f o r  general  
publ ic  use a s  w e l l  a s  p ro jec t  qanarjerneilt purposes, and 
should be wr i t t en  fo r  a general  r a t he r  than a tec i in ical ,  
audience. 

21 Item 3 - Contract Period (.as amended):' ~ e p r t ' t h c  o r i g i n a l  - 
da t e  of  the con t rac t  and c los ing date  as  prescribed by the 
cont rac t  o r  any amendment thereto.  

. ~ 

31 Items A 6-8: These items r e f e r  t o  expenditures including - 
f i r m  ob l iga t ions  by the  contractor .  Obl igat ions  a r e  t he  
con t rac to r ' s  l ega l  but unpaid commitments, i.e., subcontracts ,  
purchas& orders ,  etc.;  and other  r e l a t ed  accrua l s  through 
the  end of the repor t ing period. A "contract  year" is one 
between anniversary da tes  of the  contract .  



ANNUAL RESEARCll REPORT 

A. General Rackground 

Prepare a concise statement that provides the background 
and ratiorl~le that Icd LO tile initiation ot the project. This 
sunrmsry siiould state the nature and importance of thc 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 heve been interpreted, 
expanded or further defined in other documents and mutually 
agreed Lo by A . I . D .  end the contractor. This section should 
reflect the contractual objectives as modified by these 
supplcrncn~ary understandings. 

C. Continucd Relevance of Objcctives 

Does $our research to date, or other circumstances, indicate 
a need for modification of project objectives a s  stated in the 
contract? If so, in what respects? 

D. Accomplishnicnts to Date ! 

1. Findings: Provide a stattxnent of the principal and 
significant' findings and other accomplLshments for thc reportlnp 
period as th?y relate to thi: anticipated results In the vear's 
work plan. (See material for the year similar to that requestecl 
in C.1. below for the coming year.) 

Discuss the operational sfgnifica~lce of the findings of the f 
I 

current year's rescarch for attainment of project objectives as f 
stated in Sectio~ a above. The discussion should include refer- 
encc to existing knowledge, recent research findings by others, 
and cumulative lindrngs and accomplishments of this project. 

Also discuss sidc effects of the work, positive or negative. 

i 
For example, do r h c  finJiirgs to date suggest unexpected complications 

I 
t 

for the application or' findings; do they suggest the need for rn+)re 
direct approaches to the problcm than were originaLly anticip,rtt:d; 
or is the reseorcli dcvclol)i~ig InEormation and insights not expcc Led 
in the scope of  he work? 

2. Interpretation of Data and Supporting Evidence: 
I 

Summarize briefly thc evidence and analysis that 
support thc findings citcd above. To permit a critical analysis ol 
t l lb cvidence arid analysis; expand as necessary in an appendix to 
each copy o t  t h e  report. 



- .  
3. ' R e s c a r c h  Design: S t d e  b r i e f l y  any s i g n i f i c a n t  m o d i l ' i c a t i o n s  
made i n  t h c  r e s e - i r c h  d e s i g n  p r i o r  t o  t h e  c u r r e n t  r e p o r t i l ~ g  p c r i o d .  

Arc  t h e  p r e s e n t  t e c h n i q u e s ,  i n s t r u m e n t s  o r  mode of  i t q u i r y  
a p p r o p r i a t e  a n d / o r  o p t i m ~ l  f o r  t h e  s t u d y  dcs ign l  I n  v i c v  of t h c  
f i n d i n g s  of t h e  p a s t  y e a r  o r  your  cxpcr ienc 'e  w i t h  t h c  r e s e a r c h  
m e a s u r e s  employcd, do you recommend modi fy ing  ( 1 )  t h e  r c s e a r c h  
d e s i g n  o r  ( 2 )  r c s e a r c h  Lcchniques?  For  csrunplc, have t h e r e  bccn  
s p e c i a l  p r o b l ~ r l ~ s  of d d t a  a v a i l ; l b i l ! t y ,  s w ~ p l i n g ,  d a t a  p r o c e s c i t . ~ ,  
o r  i n e f f e c t i v e  c c c h n i q u e s ?  H.ive r c s e a r c h  f i n d i n g s  r e v e a l e d  
t e c h n i c a l  r e l a t i o n s h l r s  t h a t  s u g g e s t  a continuation of  p r e s e n t  
mcthods o r  do t h e y  suF,gast  a  11ew approach?  

Em Dissc rn ina t ion  and U t i l i z a t i o n  of R e s e a r c h  R e s u l t s  

1. B r i e f l y  d c s c r i b e  c f f o r t s  111ade under  t h e  c o n t r a c t  t o  d i s s e m i n a t e  
t h e  r e s u l t s  of  t h e  r e s e a r c h  p r o j e c t .  A t t a c h  a s  a p p e n d i c e s  t u o  l i s t s :  
(1) a  b i b l i o g r a p h i c  l i s t  and .In a b s c r n c t  n o t  exceeding 200 words o t  
p a p e r s  and p u b l i c a t i o n s  devc loped  u n d e r  t h e  c o n t r a c t  and ( 2 )  a 
l i s t  of s h o r t  s t a t e r n c n t s  t h a t  i d e n t i f y  e a c h  known u s e  o f  m a t e r i a l s  
produced by t h e  p r o j e c t  f o r  s e m i n a r s ,  c o n f e r e n c e s ,  t r a n s l a t  i ~ n s ,  o r  
a s  background m a t e r i a l  f o r  s p e e c h e s ,  p o l i c y  s t a t e m e n t s ,  e t c .  

2. C i t e  e v i d e n c e  and c a s e s  known t o  you t h a t  f i n d i ~ r g s  of t h e  
r e s e a r c h  p r o j e c t  a r e  b e i n g  u s e d  i n  LDCs, t h e  U.S., o r  b o t h ,  i n  
t r a i n i n g ,  d i r e c t  a p p l i c a t i o n  t o  t h e  p r o b l e n ,  e t c .  

S 
L- . 3 ,  Has t h e  e x p e r i e n c e  of t h e  p a s t  y e a r  s u g g e s ~ e d  new o r  more 
b e f f e c t i v e  ways t o  expand t h e  u s e  o f  r e s e a r c h  r e s u l t s ?  I f  s o ,  
C 

k d i s c u s s  t h e  e x p e r r c n c e  and a s  a p p r o p r i a t e  i n c l u d c  p roposed  s t e p s  
r- 
h i n  t h e  work p l a n  ( I t e m  G below). I n d i c a t e  whether your  p r o p o s a l s  
? c a n  be  c a r r i e d  o u t  under  c u r r c n t  p r o v i s i o n s  of t h e  c o n t r a c t ,  o r  
3 - would r e q u i r e  new c o n t r a c t  a r r a n g e m e n t s  by A . I . D .  
q 
-. 4. D i s c u s s  t h e  e x t e n t  and n a t u r e  o f  c o n s i d c r a t i o n s  t o  i n v o l v e  LDC 

p e r s o n n e l  a n d / o r  i n s t i t u t i o n s  a s  a n  a p p r o p r i a t e  a c t i v i t y  of  t h e  
p r o j e c t .  I f  judgcd a p p r o p r i a t e ,  d i s c u s s  t h e  k ind and e x t e n t  o f  LDC 
involvcmcnt  i n  ( a )  p l a n n i n g  t h e  p r o j e c t ,  ( b )  t h e  e x e c u t i o n  of t h e  
f i e l d  work, ( c )  t h e  a n a l y s i s  and r e p o r t i n g  o f  r e s u l t s .  P l a n s  t o  
i n v o l v e  LDCs i n  t h e  f u t u r e  s h o u l d  b c  r e f l e c t e d  i n  t h e  work p l a n  i n  
I t e m  G (4)  below. . . 
I 

5 Under s e p a r a t e  c o v e t  fo rward  Eour c o p i e s  o f  p u b l i c a t i o n s ,  s e m i n ~ r  
r e p o r t s ,  t r a n s l a t i o n s  and o t h e r  m a t e r i a l s  representing e f f o r ~ s  LO 

d i s s e m i n a t e  r e s u l t s  o f  t h e  r e s e a r c h  p r o j e c t ,  and e v i d e n c e  o f  t h e  
r e s u l t s  b c i n g  u t i l i z e d  by LDC or U.S. p e o p l e  o r  I n s t i t u t i o n s .  

F. S t i ~ t c m c n t  of  E x p c h d i t u r c s  and O b l i g a t i o n s  and C o n t r a c t o r  R c s o u r c c s  

P r o v i d c  a s t n t c m c n t  of  c x p e n d i t u r c s  arid o b l i g . ~ t l o n s  r e l a t e d  t o  
t h e  budget  p l a n  f o r  t h c  year .  T h i s  s t a t e m e n t  s h o u l d  show e x p e n a i t u r c  
and o b l i g n t  i o n s  s o r  each of  t h e  ( I )  tirajor i ~ - t p : ~ t  s ( P e r s o n n e l ,  equiyn~crrc . 
t r a v e l ,  ~ t c . )  ;ccordi~i , ;  t o  (2) ~ h c  major  a c s o m p l ~ s h m c n t s  or work 
t u r p e t s  ~ h n t  had bee11 p lanned  for t h e  year's work. 



Identify significant problems or accomplishments in the progrcos 
of t'he project related to the volume, cffectiveness, or schedtillny 
of the manpower, equipment, travel, etc., made available by these 
expenditurzs. 

Discuss significant changes or modifications in project manage- 
ment, in the staffing pattern, physical facilities, institutional 
envi ronment, etc. 

C. Work Plan and Oudi!et Forecast for C a i n ~ . Y e a r  

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 a ~ c ~ ~ k i s h m e n t 6  ' far* t?he .-caning: 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 plan for dissemination and utilization of the 
expected results of the research in the U.S. and in 
LDCs as applicable. 

5. a budget statement that shows planned expenditures 
for each of the major inputs (personnel, equipment, 
travel, LDC involvement, etc.) according to the 
major accomplishments, or work targets that are 
planned for the coming year's work. 

H. 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 m  1) 
Other appendices as appropriate. , 

* 



ATTACHMENT A j 

COST ACCOUNTING ST9NDARDS 

( a )  Unless the Cost Accounting Standards Board has prescribed rules 
or  regulations exempting the Contr~ctor  or th is  contract from standards, 

. rules,  and regulations proinulqated pursuant to 50 U.S.C. App. 2163 
(P.L. 91-379, August 15, 1970), the i o n t r x t o r ,  in co~nect ion with th i s  
contract shall : 

(1) By submission of a Disclosure Statement, disclose i n  writing 
his  cost  accounting practices a s  required by regulations of the Cost 
Accounting Standards Board. The required disclosures m u s t  be made 
prior to contract award unless the Contracting Officer provides ii wri t ten  
notice to  the Contractcv authori zing pos Laward submission i n  accordance 
with regulations of the Cost Acco~rnti ng Stzndardc Board. The practices 
disclosed for  th is  contract shall be the same as t h e  practices currently 
disclosed and applied on a l l  other contracts and subcontracts being per- 
fonned by t h e  Contrc;ctor- and which contain t h i s  Cost Pccount.ing Standards 
clause. I f  the Contractor has marked :.he Disclosure Statement to  indicate 
that  i t  contains trade secrets and comiercial o r  financial information which 
i s  priv-i leged and, conf identiiil , the Di sc:osure Statement w i  11 be protected 
and will not be released outside o f  the Government. 

(2) Fol lcu c o n s i ~ t c n t . 1 ~  ' the cos t  accounting practices disclosed pur- 
suant to (1 ) , above, i n  hccurnalati ng and rc-porti ng contract performance 
cost data concerning th is  contract.  If any change in disclosed practicas 
made for  the purposes of any contr'lct or subcontract subject to  Ccst 4ccount- 
i ng Standards Board requirenlents, the change must be appl ied prospectively 
to th i s  contract, and the Disclosure statement must bs amended accordingly. 
If  the contract price or cost allowance of th i s  contract i s  affected by such 
changes, adjus trnent shall be made in accordance with subparagraph ( a )  ( 4 )  
or ( a ) ( 5 ) ,  below, as appropriate. , 

(3)  Comply. with a1 l Cost Accouni.i ng Standards i II ef fec t  on the date 
of award of th is  contract or i f  the Contractor has suSmitied cos t  or  pricing 

- data, on the date of final agreenient on price as shcwri Gn the Contractor's 
signed ce r t i f i ca te  of current. cost or pricing data. The  Contractor shall  
also comply with any Cost Accouriting Standard which hereafter becomes 
applicable to a contract or subco'ntract of the Contractor. Such compliance 
shall be required prospectively frcm the date of a p ~ l i c a b i l  i t y  ko such 
contract or subcontract. 

(4)  (A) Agree to a n  equitable adjustient as p r~v ided  i n  the Changes 
clause of th i s  contract i f  the contract cost i s  affected by a Disclosure State- 
ment change which the Contractor i s  required to make ~ u r s u a n t  to  ( 3 ) ,  above. 
I f  the Contractor has n o t  been required t.o f i l e  z: Disclosure Statement b u t  i s  
required pursuant to ( a )  ( 3 ) ,  above, to  change an e s t n ~ i i s h e d  p r x t i c e ,  then 
an equitable adjustment shall similarly be agreed to.  . 
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( B )  Negot iate w i t h  the Cont rac t ing  O f f i c e r  t o  determine the  terms 
a d  cond i t i ons  under which any E isc losure  Statell lent charm. o t h e r  than ' 
changes under ( 4 )  ( A ) ,  abova, m y  b2 made. A change t o  a D isc losu re  Sta te-  
ment may be proposed by e i  t h ~  the Government o r  the  Contractor ,  provided, 
however, t h a t  no agreement nray be made under t h i s  p r o v i s i o n  t h a t  w i l l  
increase cos ts  pa id  by the  Uni ted States under t h i s  con t rac t .  

( 5 )  Agree t o  an adjustment o f  t he  c o n t r a c t  p r i c e  o r  c o s t  allowance, 
as appropr ia te ,  i f  he o r  a  subcontractor  fa1  1s t o  comply w i t h  an appl i c a b l e  
Cost Accounting Standard o r  Lo fo l l ow  any p r a c t i c e  d isc1 osed pursuant  t o  
subparagraphs ( a )  (1)  and ( a )  (2 ) ,  above, and such f a i l u r e  r e s u l t s  i n  any 
increased cos ts  pa id  by the  Un i ted  States.  Such adjustment s h a l l  p rov ide  
f o r  recovery of t he  increased cos ts  t o  the  Un i ted  Sta tes  together  w i t h  i n t e r -  
e s t  thereon computed a t  the  r a t e  determi ned by the  Secretary of t h e  
Treasury pursuant t o  P.L. 92-41 , 85 S t a t .  97, o r  7  percent  pe r  annuni, 
whichever i s  less ,  from the  t ime t h e  payment by the  Un i ted  Sta tes  was 
made t o  the t ime the  adjustment i s  ef fec.~ed.  

(b)  If the  p a r t i e s  f a i l  t o  agree whether the Cont rac tor  o r  subcontractor  
has complfed w i t h  an a p p l i c a b l e  Cost Accounting Standard, r t i l e ,  o r  regu- I 

! 
l a t i o n  of the Cost Accounting Standards Board and as t o  any c o s t  adjustment I 

demanded by the  Un i ted  States, such f a i l u r e  +o agree s h a l l  be a  d i s p u t e  con- ] 
cerning a quest ion  of f a c t  w i t h i n  the  nlzaning of the  Disputes c:ause of t h i s  
c o n t r a c t .  

( c )  Thc Cont rac tor  snal7 permi t  any au t h o r i  zed representa t ives  o f  the  
head of the  agency, the  Cost Accounting Standards Board, o r  t h e  Comp- 
t r o l l e r  Genera: of the Unixed States t o  exaninc and m3ke copies of any 
documents, papers, o r  recsrds r e l a t i  ng t o  c o m ~ l  i ance w i  t h  the  r e q u i r e -  
menrs o f  t h i s  clause. 

(d)  The Cont rac tor  sha7 1  i n c l  ude i n  a1 1  negot ia ted subcontracts which 
he enters  i n t o  thc  substance o f  t h i s  c lause e x c e ~ t  paragraph (b) ,  and s h a l l  
r e q u i r e  such i n c l u s i o n  i n  a1 1 o t h e r  s u b c o n t r ~ c t s  o f  any t i e r ,  except  t h a t  
t h i s  requi.rement s h a l l  apply on ly  t o  negot ia ted subcontracts i n  excess of 
$100.000 where the p r i c e  negot ia ted i s  n o t  based on: 

(1 ) Es tab l ished ca ta log  o r  market p r i c e s  of c o m e r c i a l  i tems s o l d  
i n  subs tan t ia l  q u d n t i t i e s  t o  the  general p u b l i c ;  o r  

( i i )  Pr ices  s e t  by law o r  r e g u l a t i o n .  

NOTE : . 
1 . Subcontractors s h a l l  be requ i red  t o  subrni t t h e i r  D isc losu re  Sta te-  

ments t o  the  Cont rac tor .  However, i f  a  subcontractor  has p r e v i o u s l y  
submitted h i s  D isc losure  Staterner~t t o  a Government Con t rac t i ng  O f f i ce r  
he nlay s a t i s f y  t h a t  requireen;ent by c e r t i f y i n g  t o  the  Cont rac tor  t h e  date  
of such statement and the  address o f  the Con t rac t i ng  O f f i c e r .  
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. 2. I n  anv case where a subcontractor  determines t h a t  t he  D isc losu re  
Ztatement i ;~format ion i s  p r i v i l e g e d  and c o n f i d e n t i a l  and dec l ines  t o  pro-  
v i d e  i t  t o  n i s  Cont rac tor  o r  h igher  t i e r  subcontractor ,  t h e  Cont rac tor  may 
au tho r i ze  d i r e c t  subniss ion of t h a t  subcont rac tor 's  D isc losu re  Statement 
t o  t h e  same Government o f f i c e s  t o  which the  Cont rac tor  was requ i red  to 
make submission o f  h i s  D isc losure  Statement. Such a u t h o r i z a t i o n  s h a l l  i n  
no way re1  i e v e  the  Cont rac tor  of 1 i a b i l  i ty as provided i n  paragraph (a)  (5 )  of 
t h i s  clause. I n  view o f  t h e  foregoing and s ince the  c o n t r a c t  may be s u b j e c t  
to adjustment under t h i s  c lause by reason of any f a i  1 u r e  t o  comply w i t h  
ru les ,  regu la t ions ,  and Standards of t he  Cost Accounti ng Standards Board 
i n  connect ion w i t h  covered subcontracts,  i t  i s  expected t h a t  the  Cont rac tor  
may wish t o  i nc lude  a c iause i n  each such subcontract  r e q u i r i n g  the  sub- 
c o n t r a c t o r  t o  a p p r o p r i a t e l y  i ndemni fy the  con t rac to r .  However, t he  i n c l  u- 
s i o n  of such a c lause and t i le  terms the reo f  a r e  mat ters  f o r  n e g o t i a t i o n  
and agreement between the  Cont rac tor  and the  subcontractor ,  provided 
t h a t  they do n o t  c o n f l i c t  w i t h  t h e  d u t i e s  of t he  Cont rac tor  under i t s  con- 
t r a c t  w i t h  t h e  Government. I t  i s  c l s o  expected t h a t  any subcont rac tor  
s u b j e c t  t o  such i n d e m n i f i c a t i o n  w i l l  genera l l y  r e q u i r e  s u b s t a n t i a l l y  
s im i  1 i a r  i n d e m n i f i c a t i o n  t o  be submitted by h i s  subcontractors.  

(e )  The terms def ined irr Sec. 331.2 of P a r t  331 o f  T i  tl e 4 ,  Code o f  
- Federal Regulat ions ( 4  CFR 331 .2) s h a l l  have the  same meanings here in .  

As the re  def ined,  "negot ia ted subcontract"  means "any subcont rac t  
except a f i r m  f i x e d - p r i c e  suocontract  made by a Cont rac tor  o r  subcon- 
t r a c t o r  a f t e r  r q c e i v i n g  offe'rs from a t  l e a s t  two f i r m s  n o t  associated 
w i t h  each o the r  o r  such Cont rac tor  o r  subcontractor ,  p r o v i d i n g  (1 ) the  
s o l i c i t a t i o n  t o  a l l  cc.r.;eting f i r m s  i s  i d e n t i c a l ,  (2 )  p r i c e  i s  the  o n l y  
cons ide ra t i on  i n  s e l e c t i n g  t i le  subcont rac tor  from among the  competing 
f i r m s  s o l i c i t e d ,  and (3 )  the  lowest  o f f e r  rece ived i n  compl i a n r e  w i t h  
the  s o l i c i t a t i o n  from among those s o l i c i t z d  i s  accepted." 

(End o f  Clause) 
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