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FOREWORD 

The f i s h i n g  i n d u s t r y  seems to  b e  " n a t u r a l "  f o r  H a w a i i .  Yet, i t  

a c c o u n t s  f o r  a r e l a t i v e l y  small p e r c e n t a g e  of t h e  S t a t e ' s  i n c o m e  a n d  

e m p l o y m e n t ,  a n d  o v e r  t h e  l a s t  d e c a d e  o r  s o  h a s  f a i l e d  t o  k e e p  p a c e  w i t h  

o t h e r  sectors o f  t h e  economy.  

The  p r e v i o u s  s t u d y ,  The  S k i u i a c k  Tuna  I n d u s t r y  i n  H a w a i i :  Some 

Economic  Aspects b y  D r .  Yung Cheng S h a n g ,  a n a l y z e d  t h e  e c o n o m i c  p r o b l e m s  

of t h e  i n d u s t r y .  It  c o n c l u d e d  t h a t  t h e  i n a d e q u a t e  p r o f i t  l e v e l s  were res- 

p o n s i b l e  f o r  t h e  c u r r e n t  p e r f o r m a n c e  o f  t h e  i n d u s t r y ,  a n d  t h a t  t h e  f u t u r e  

of t h e  i n d u s t r y  w i l l  d e p e n d  on  i t s  a b i l i t y  t o  i n c r e a s e  p r o d u c t i v i t y .  

One p o s s i b l e  way t o  a c c o m p l i s h  t h i s  t a s k  i s  t h r o u g h  t h e  d e v e l o p m e n t  

o f  new b a i t ,  a n  i m p o r t a n t  i n p u t  t o  t h e  i n d u s t r y .  The c u r r e n t  s t u d y ,  

s p o n s o r e d  j o i n t l y  b y  t h e  Economic  R e s e a r c h  C e n t e r  and  t h e  N a t i o n a l  M a r i n e  

F i s h e r i e s  S e r v i c e  H a w a i i  Area F i s h e r y  R e s e a r c h  C e n t e r ,  e v a l u a t e s  t h e  

e c o n o m i c  f e a s i b i l i t y  o f  p r o d u c i n g  t h r e a d f i n  s h a d  as l i v e  b a i t  f o r  Hawaii's 

s k i p j a c k  t u n a  f i s h e r i e s .  I t  c o n c l u d e s  t h a t  s u c h  a p r o d u c t i o n  would  b e  

e c o n o m i c a l l y  f e a s i b l e  i f  a y i e l d  o f  3 ,660  b u c k e t s  o f  s h a d  p e r  10-acre 

pond u n i t  c a n  b e  a c h i e v e d .  

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

s o l u t i o n  o f  t h e  i n d u s t r y ' s  p r o b l e m s  and  w i l l  b e  u s e f u l  i n  d i r e c t i n g  

f u t u r e  r e s e a r c h  e f f o r t s .  

Walter M i k l i u s  
Director  

J u l y  1 9 7 1  
H o n o l u l u ,  H a w a i i  
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I. I n t r o d u c t i o n  

The f i s h e r y  f o r  sk ip jack  tuna,  Katsuwonus pelamis, i s  t h e  most 

important  commercial f i s h e r y  i n  H a w a i i ,  producing about 5,000 tons p e r  

year .  

t h e  use of  l i v e  b a i t .  

i s  t h e  major s p e c i e s  of  b a i t  and c o n s t i t u t e s  about  92 percent  of a l l  

b a i t f i s h  u t i l i z e d .  

leav ing  f o r  t h e  f i s h i n g  grounds. 

c e n t  of f i s h i n g  time f i s h i n g  f o r  b a i t . '  

of f i s h i n g  t r i p s  t h a t  can be made dur ing  the  f i s h i n g  season. I n  a d d i t i o n ,  

the  nehu i s  a very  d e l i c a t e  f i s h  which s u f f e r s  a s u b s t a n t i a l  m o r t a l i t y  

rate.  

Fishermen u s u a l l y  f i s h  inshore ,  g e n e r a l l y  w i t h i n  90 miles from t h e  c o a s t -  

l i n e  o f  t h e  main i s l a n d s ,  s i n c e  they must use t h e  b a i t  before  m o r t a l i t y  

becomes heavy. 

The pole-and-l ine f i s h i n g  method used t o  c a t c h  the  s k i p j a c k  r e q u i r e s  

A small anchovy c a l l e d  nehu, Stolephorus purpureus,  

Nehu are caught by the  crew o f  the  tuna boat  before  

The local f l e e t  spends about 30-40 p e r -  

This  p r a c t i c e  limits the  number 

2 The m o r t a l i t y  rate averages about 25 percent  a day a f t e r  cap ture .  

Attempts have been made t o  e s t a b l i s h  a source of  b a i t f i s h  a v a i l a b l e  

t o  t h e  fishermen t o  minimize the  l o s s  of  tuna f i s h i n g  time. The Marquesan 

s a r d i n e ,  S a r d i n e l l a  marquesensis,  has been introduced i n t o  i s l a n d  waters; 

t i l a p i a ,  T i l a p i a  mossambica, has been c u l t i v a t e d ;  and a r t i f i c i a l  b a i t  has 

a lso been t r i e d .  However, these  a t tempts  have not  proved s u c c e s s f u l .  

'Rothschild,  Brian J. , and Richard N .  Uchida. "The 
of  t h e  Oceanic Regions of  t h e  P a c i f i c  Ocean," i n  D e  W i t t  
The Future  of  the  F ish ing  I n d u s t r y  of  t h e  United S t a t e s ,  
Univers i ty  o f  Washington, P u b l i c a t i o n s  i n  F i s h e r i e s ,  New 
S e a t t l e ,  Washington, 1968. 

.. 

Tuna Resources 
G i l b e r t  (ed.)  , 
pp. 19-51. 
S e r i e s ,  vo l .  4, 

L Brock, Vernon E . ,  and Richard N. Uchida. Some Operational Aspects 
of  t h e  Hawaiian Live-Bait  F ishery  f o r  Skipiack Tuna (Katsuwonus pelamis) , 
U.S. F i s h  and W i l d l i f e  Serv ice ,  S p e c i a l  S c i e n t i f i c  Report--Fisher ies  574, 
Washington, D.C . ,  1968. 
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Research conducted dur ing  the  p a s t  s e v e r a l  y e a r s  by t h e  Nat iona l  

Marine F i s h e r i e s  Serv ice  H a w a i i  Area Fishery  Research Center (NMFS, HAFRC) 

on t h e  t h r e a d f i n  shad, Dorosoma petenense,  has  shown t h i s  f i s h  t o  have 

cons iderable  p o t e n t i a l  as a s u b s t i t u t e  l i v e  b a i t  f o r  pole-and-l ine f i s h i n g  

f o r  s k i p j a c k  tuna.3 

to  t h e  nehu i n  i t s  tuna-catching a b i l i t y .  I n  a d d i t i o n ,  i t  can be  c u l t u r e d  

i n  f r e s h  water impoundments u n t i l  b a i t  s i z e ,  and then accl imated t o  sea 

water p r i o r  t o  t r a n s f e r  t o  t h e  f i s h i n g  boats .  

It i s  hardy, r e l a t i v e l y  easy  t o  handle ,  and comparable 

Although t h i s  r e s e a r c h  has e s t a b l i s h e d  t h e  t e c h n i c a l  f e a s i b i l i t y  of  

us ing  shad as b a i t ,  and provides  information on input  requirements for 

shad product ion,  t h e  economic f e a s i b i l i t y  o f  t h i s  product ion has y e t  t o  

be determined. I n  t h i s  s tudy  we present  an e v a l u a t i o n  o f  t h e  economic 

f e a s i b  

of  t h e  

output  

l i t y  of  shad product ion.  

p r i c e  o f  t h e  s u b s t i t u t e ,  nehu, i n  a d d i t i o n  t o  the investment and 

d a t a  f o r  t h e  shad product ion.  

This  e v a l u a t i o n  r e q u i r e s  a knowledge 

31versen, Robert T. B.  U s e  of Threadfin Shad. Dorosoma Petenense,  
as Live Bait dur ing  Experimental  Pole-and-l ine F ish ing  f o r  Skipjack Tuna, 
Katsuwonus velamis, i n  H a w a i i ,  U.S. Nat iona l  Marine F i s h e r i e s  Serv ice  
S p e c i a l  S c i e n t i f i c  Report--Fisher ies ,  No. 641, i n  p r e s s .  
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11. An Estimate of the Value of Bait 

The purpose of this section is to estimate the value of nehu to 

fishermen, and then to approximate the value of shad by comparing the 

tuna-catching abilities and mortality rates of nehu and shad. 

The Value of Nehu 

Due to the vertically integrated nature of the fishing operation in 

the local skipjack tuna fishery, no market exists for bait. Therefore, 

an estimate of the value of nehu to fishermen must rely on an indirect 

approach. 

Under certain circumstances, the value of nehu may be estimated by 

its productivity. This can be done by treating nehu as one of several 

input factors in the production function of skipjack tuna. The marginal 

value product of nehu would be its unit value. Due to the limited infor- 

mation available at present, however, a proper production function of 

skipjack tuna in Hawaii cannot be formulated. 

In this study, the value of nehu as a baitfish to local skipjack 

fishermen is estimated by its opportunity cost approach. The opportunity 

cost is what fishermen could have earned had they gone fishing instead 

of baiting. The procedure consists of estimating the income foregone by 

fishing for bait. This in turn requires estimates of the cost of fishing, 

the cost of baiting, the demand for bait, and the break-even price for bait. 

Ovvortunity cost. If the fishermen had gone fishing on the days 

spent baiting, they would have caught an additional quantity of skipjack 

tuna thereby producing additional income. This additional income would 

represent the opportunity cost of baiting time to fishermen. 
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However, t h e  expenses o f  f i s h i n g  and b a i t i n g  are d i f f e r e n t .  A 

f i s h i n g  t r i p  r e q u i r e s  more f u e l  and o i l  than  a b a i t i n g  t r i p .  This  d i f -  

fe rence  i n  expense should be deducted from t h e  oppor tuni ty  cost .  The 

n e t  oppor tuni ty  cost should be  c a l c u l a t e d  as fol lows:  

where 

Qa 

pt 

Db 

'd 

Qt 

Df 

V 

assuming f i s h i n g  rates to  be 
cons tan t  

= a d d i t i o n a l  poundage of s k i p j a c k  which could have been caught 

f i s h i n g  f u l l  t i m e  ( b a i t i n g  days e l imina ted)  

= average ex-vesse l  p r i c e  of  sk ip jack  tuna per  pound 

= average number of  days of  day b a i t i n g  annual ly  

= d i f f e r e n c e  i n  costs of f i s h i n g  and b a i t i n g  

- average amount of s k i p j a c k  caught annual ly  

= average number o f  days of  s k i p j a c k  f i s h i n g  annual ly  

- average ex-vesse l  va lue  of s k i p j a c k  caught annual ly  

T o t a l  amount of  b a i t  requi red .  I f  t h e  fishermen spend f u l l  t i m e  

f i s h i n g ,  they would have t o  buy t h e  b a i t  i n s t e a d  of ca tch ing  t h e  b a i t  

themselves. I n  order t o  c a t c h  t h e  a d d i t i o n a l  sk ip jack  tuna,  t h e  b a i t  

requirements  would a l s o  have t o  be increased.  It i s  assumed t h a t  t h i s  

i n c r e a s e  i n  b a i t  requirements  would be  i n  propor t ion  t o  t h e  a d d i t i o n a l  

time spent  f i s h i n g .  As mentioned ear l ie r ,  the m o r t a l i t y  ra te  of nehu is  

about 25 percent  before  being used a t  sea. I f  t h e  fishermen were t o  buy 
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t h e  b a i t  requi red ,  they would have t o  pay for t h e  p o r t i o n  which d i e s .  

Therefore ,  t h e  c a l c u l a t i o n  of  t o t a l  b a i t  requirement should be based on 

t h e  amount of b a i t  caupht,  or aboard the  f i s h i n g  v e s s e l s ,  r a t h e r  t han  

t h e  a c t u a l  amount used, as follows: 

B t  

or  B t  = 

Ba 

where 

B t  = 

Bd = 

Qa = 

Qb = 

0.25 = 

Bo + Ba 

(Bd + Ba) (1 f 0.25) 

t o t a l  amount of  b a i t  requi red  (buckets ,  one bucket of nehu 

is  approximately 7 l b s . )  

average amount of b a i t  caught annual ly  (buckets)  

a d d i t i o n a l  amount of b a i t  requi red  t o  ca t ch  a d d i t i o n a l  

s k i p  jack  (buckets)  

average amount of  b a i t  used (buckets)  

a d d i t i o n a l  sk ip j ack  which could have been caught f i s h i n g  f u l l  

time (day b a i t i n g  e l imina ted)  

average amount of sk ip j ack  caught p e r  bucket of b a i t  

m o r t a l i t y  rate o f  nehu 

Break-even (maximum) price of  nehu. How much would t h e  fishermen be 

w i l l i n g  t o  pay f o r  t h e i r  t o t a l  b a i t  requirement i n  o rde r  t o  f i s h  f u l l  time? 

I f  they  paid any amount less than the  oppor tuni ty  c o s t ,  they  would r e a l i z e  

a n  inc rease  i n  t h e i r  t o t a l  r e c e i p t s .  I f  t h e  c o s t  o f  b a i t  were g r e a t e r  than 

the  oppor tun i ty  c o s t ,  t he  to ta l  r e c e i p t s  would be reduced. The break-even 

p r i c e  of  nehu would be:  
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c O  - 
Bt  

(3) 

The r e s u l t s  o f  c a l c u l a t i o n .  The i n t r a -  and i n t e r - s e a s o n a l  c a t c h  

records  o f  s k i p j a c k  tuna and b a i t  f o r  1965-1969 f o r  t h e  e n t i r e  f l e e t  are 

summarized i n  Table  1, and t h e  est imated costs of f i s h i n g  and b a i t i n g  

are shown i n  Table  2. The d i f f e r e n c e  i n  c o s t s  between f i s h i n g  and b a i t i n g  

i s  about $34.5 p e r  t r i p .  

(1) - ( 3 ) .  The r e s u l t s  of  t h e  c a l c u l a t i o n  are summarized i n  Table 3. It 

i s  i n t e r e s t i n g  t o  note  t h a t  local fishermen are paying about $14 p e r  

bucket f o r  b a i t  dur ing  t h e  peak f i s h i n g  months and about $11 dur ing  t h e  

The d a t a  i n  Table  1 and 2 were used i n  equat ions  

o t h e r  f i s h i n g  months. 
4 

I n  1953, Brock and Takata used t h e  same concept t o  approximate t h e  

value o f  nehu. Thei r  f i n d i n g  was t h a t  nehu were worth a t  least $4.23 p e r  

pound or about $30 p e r  bucket to  t h e  fishermen. 

r e s u l t s  of  t h i s  s tudy  i t  i s  remarkably high. 

When compared w i t h  t h e  

The 1953 s tudy  was based on 

information f o r  only f o u r  boa ts  over  a per iod o f  one peak f i s h i n g  month 

of a good (above average) ca tch ing  year .  I n  a d d i t i o n ,  i t  was based on 

t h e  amount of  b a i t  a c t u a l l y  used r a t h e r  than t h e  amount caught.  

d i f f e r e n c e  i n  costs of  f i s h i n g  and b a i t i n g  was not considered.  

The 

Based on the  r e s u l t s  of  t h i s  s tudy ,  H a w a i i ' s  f ishermen pay much more 

than  those i n  Japan and C a l i f o r n i a  f o r  t h e i r  b a i t .  The Japanese tuna 

fishermen pay about $4.17 p e r  bucket f o r  t h e i r  l i v e  b a i t .  I n  C a l i f o r n i a  

l i v e  b a i t  i s  so ld  f o r  about $1 t o  $2 p e r  scoop (about 10 l b s ) .  

4Brock, Vernon E . ,  and Michio Takata.  Cont r ibu t ions  t o  the  Problems 
of  Bai t  F i s h  Capture and Mortality Together with Experiments i n  t h e  Use 
of  T i l a p i a  as Live Bai t ,  Div is ion  of  F i s h  and Game,  Board of  Commissioners 
of  A g r i c u l t u r e  and F o r e s t r y ,  T e r r i t o r y  of  H a w a i i ,  1955. 
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TABLE 1 

SUMMARY OF SKIPJACK TUNA AND BAIT  CATCH RECORDS, 
ALL BOATS COMBINED, 1965-1969 

T o t a l  number of f i s h i n g  t r i p s  

T o t a l  pounds of sk ip j ack  caught 
(1,000 lbs.) 

T o t a l  va lue  of sk ip j ack  caught 
($1,000) 

Total  number of days of day 
b a i t i n g  

T o t a l  buckets  of b a i t  caught 
(day and n igh t )  

Source: NMFS, HAFRC. 

Jan.  -Dec . 

10,223 

48 ,421 

7 ,384 

4,295 

16 3,844 

~~ ~ 

Peak Fish ing  
Months 

May-Sept . 

5,946 

35,395 

4,825 

2,428 

98,757 

Other F i sh ing  
Months 

Jan .  -Apr. ; 
0ct.-Dec. 

4,277 

13,026 

2,559 

1,867 

65,087 
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TABLE 2 

COSTS OF FISHING AND BAITING PER TRIP 

Item F i s hing Baiting 

a Hours of operation 14 3 hours day baiting 
5 hours traveling 

Fuel consumption per hour 
(gallons) 12.5 5 gallons during baiting 

12.5 gallons during 
trave ling 

Price of fuel per gallon $ 0.20 $ 0.20 

Price of ice $15. 

Total cost b $50.0' $15.5d 

a Fishing: 10 hours scouting-fishing and 4 hours traveling time 
(both ways) 

Baiting: 5 hours traveling--about 2 hours to Pearl Harbor, 
8 hours to Kaneohe Bay, both ways. 

bBaiting trip uses less time than fishing trip and allows for more 
leisure time. The value of leisure time of fishermen is not incorporated 
in the calculation. 

C (14 x 12.5 x $.20) + $15 = $50.0. 

d(3 x 5 x $.20) + (5 x 12.5 x $.20) = $15.5. 

Source: NMFS, HAFRC. 
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TABLE 3 

ESTIMATED BREAK-EVEN (MAXIMUM) PRICES OF NEHU BY SEASON 

Peak Fishing Other Fishing  
Year-round Months Months 

Average annual opportunity cost $588,734 $376,392 $212,342 

Total  amount (buckets) of nehu 
required annua 1 l y  46,513 27,260 19,253 

Break-even pr ice  of nehu per 
bucket $12.7 $13.8 $11 .0  
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Break-even (Maximum) P r i c e  o f  Shad 

Once t h e  break-even p r i c e  of  nehu has been determined, t h e  break-even 

p r i c e  of shad c a n  be der ived  by comparing i t s  m o r t a l i t y  rate and tuna 

ca tch ing  a b i l i t y  w i t h  t h a t  o f  nehu. 

on r e s u l t s  o f  pre l iminary  tes ts ,  i s  i n  t h e  range of 10-16 percent  compared 

w i t h  a 25 percent  m o r t a l i t y  rate of n e h ~ . ~  

jack us ing  shad i s  about equal  t o  nehu, as mentioned earlier.  

due t o t h e  lower m o r t a l i t y  of shad, t h e  o v e r a l l  c a t c h  rate of s k i p j a c k  p e r  

bucket of  b a i t  caught i s  presumed t o  be about 9-15 percent  h igher  w i t h  

shad than w i t h  nehu. The break-even p r i c e  of shad i s  also assumed t o  be 

9-15 percent  h igher  than  t h a t  of  nehu and i s  c a l c u l a t e d  as fol lows:  

The m o r t a l i t y  rate of  shad, based 

A t  sea, the  c a t c h  rate of s k i p -  

However, 

Ps = 1.15 (P,) i f  the  m o r t a l i t y  rate of  shad i s  10 percent  (4) 

P, = 1.09 (P,) i f  the m o r t a l i t y  rate o f  shad i s  16 percent  (5) 

where 

Ps = es t imated  break-even (maximum) p r i c e  of  shad 

Pn = es t imated  break-even (maximum) p r i c e  of nehu 

The r e s u l t s  of  t h e  c a l c u l a t i o n s  are shown i n  Table  4. Shad i s  worth about 

$15-16 per  bucket  dur ing  t h e  peak f i s h i n g  months and about $12-13 d u r i n g  

t h e  o t h e r  f i s h i n g  months. 

51versen, Robert T. B .  , and Jay 0. Puff inburger .  "Capture, Trans- 
p o r t a t i o n ,  and Pumping of  Threadfin Shad (Dorosoma petenense) ," NMFS, 
HAFRC (manuscript) .  
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Percent 
Mort a1 i t y 

of 
Shad 

TABLE 4 

ESTIMATED BREAK-EVEN (MAXIMUM) PRICE OF SHAD BY SEASON 

($ per bucket) 

Year Round Peak Fishing Other Fishing 
Months Months 

I 

10 

16 

14.6 15 .9  12.6 

13.8 15.0 12.0 
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111. Costs-Revenue Analysis of a Shad Enterprise 

Several measures are available in appraising the economic worth of 

investments. The two most widely used are the pay-back and the simple 

rate of return methods. The weakness of both is that they fail to take 

into account the timing of expected earnings or of expected outlays. 

most cases, a large amount of capital must be laid out at the beginning 

stage of investment, whereas the returns accrue to the investor over a 

period of time. A dollar in hand today is more valuable than a dollar 

to be received sometime in the future. Therefore, in this study, the 

profitability of investment in a shad enterprise is measured by the pres- 

ent value method. This method measures the present value of the associated 

stream of net receipts, discounted by the appropriate rate of interest, 

and subtracts the initial costs of the investment. This statement can be 

expressed mathematically as : 

In 

NPV = 

where 

NPV = 

Qs = 

ps = 

Io = 

co = 

ci = 

s =  

net present value 

expected quantity of shad to be produced 

expected price of shad 

other income 

initial construction costs of ponds and bait -holding facilities 

annual production costs 

salvage value of the assets in year n 
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r = discount  rate 

i = 1.. .n  (number of years )  

I f  t h e  c a l c u l a t e d  n e t  present  value is  p o s i t i v e ,  investment i n  a 

shad i n t e r p r i s e  would be p r o f i t a b l e  because t h e  present  va lue  of  n e t  cash  

inf low i s  g r e a t e r  than c a p i t a l  ou t lay .  On t h e  o t h e r  hand, i f  t h e  i n v e s t -  

ment has a nega t ive  n e t  present  va lue ,  i t  would be  undes i rab le  from a n  

economic viewpoint.  

Enumeration o f  Costs and Revenues 

I n i t i a l  costs. I n i t i a l  c o s t s  here  r e f e r  to  c o n s t r u c t i o n  c o s t s  of  

ponds, wells, and b a i t - h o l d i n g  f a c i l i t i e s ,  as shown i n  Table 5. The f u l l  

amount o f  t h e s e  c o s t s  is  t r e a t e d  as i n i t i a l  costs as of  t i m e  0. There i s  

no allowance f o r  annual  d e p r e c i a t i o n  and no charge f o r  i n t e r e s t .  

The c o n s t r u c t i o n  costs o f  ponds are est imated on two s i z e s :  (1) one 

10-acre  pond as one u n i t  and (2) t e n  1-acre ponds as one u n i t .  The l a t t e r  

costs more t o  c o n s t r u c t  and r e q u i r e s  more land area than t h e  former (Appen- 

d i x  Tables  A - 1  and A-2). Therefore ,  t h e  second case is  not  used i n  t h e  

c a l c u l a t i o n s .  

The c o n s t r u c t i o n  costs of ba i t -hold ing  f a c i l i t i e s  are es t imated  on 

two c a p a c i t i e s :  2,000 buckets  and 5,000 buckets .  For each case, f r e s h  

water can be purchased or  suppl ied  from a w e l l .  

would be h igher  f o r  the  l a t te r  case, whi le  t h e  o p e r a t i o n  costs would be  

lower. 

The c o n s t r u c t i o n  cost 

The i d e a l  s i te f o r  f ishponds has a ready source o f  f r e s h  water and 

is  not  too f a r  from t h e  harbor.  The s i t e  f o r  ba i t -hold ing  f a c i l i t i e s  



-14 - 

TABLE 5 

CONSTRUCTION COSTS OF PONDS AND BAIT-HOLDING FACILITIES 

1. Construction Costs of Pond 

One 10-acre Pond 

$63,457 

10 One-acre Ponds 

$87,463 

2. Uuvtruct ion Costs of Holdina Facility 

2,000 Buckets Holding Facility 5,000 Buckets Holding Facility 

Water from Well Water Purchased Water from Well Water Purchased 

$12,997 $2,456 $14,969 $4,401 

~- 

Source: Appendix Tables A-1 - A-6. 



-15 - 

should be  a d j a c e n t  to  t h e  harbor  o r  landing f a c i l i t y  where t h e  f i s h i n g  

b o a t s  t i e  up. Land on Oahu i s  q u i t e  expensive to  purchase f o r  t h e s e  pur-  

poses .  I n  t h i s  s tudy ,  i t  i s  assumed t h a t  t h e  land requi red  i s  leased .  

Product ion c o s t s .  Product ion costs inc lude  t h e  costs o f  o p e r a t i n g  

f ishponds and ba i t -hold ing  f a c i l i t i e s ,  lease r e n t a l ,  as w e l l  as t h e  c o s t s  

of  equipment. 

holding f a c i l i t i e s  and t h e  source o f  f r e s h  water (Appendix Tables  A - 1  - 
A-6). 

phys ica l  l i f e  o f  the  equipment (Appendix Table A - 7 ) .  

It v a r i e s  by t h e  s i z e  of  f ishponds,  t h e  c a p a c i t y  of  b a i t -  

T o t a l  c o s t  of  equipment v a r i e s  every  year  depending upon the  

Salvage value.  The normal phys ica l  l i f e  o f  ponds and wel ls  i s  es t i -  

mated t o  be about 40 years .  However, t h e  l o s s  of  value of  t h e s e  f a c i l i t i e s  

due to  changes i n  f i s h i n g  technology is f a r  less p r e d i c t a b l e  than t h e i r  

p h y s i c a l  l i f e .  I n  t h i s  s tudy we considered only t h e  p h y s i c a l  d e p r e c i a t i o n ,  

However, s h o r t e r  phys ica l  l i f e  per iods  (20 and 30 years )  are used t o  allow 

f o r  r i s k  and uncer ta in ty .  It is  assumed that t h e r e  i s  no Salvage va lue  

a f t e r  t h e  end of t h e  phys ica l  l i f e .  

Discount rate. The choice  of a proper  d iscount  rate is s u b j e c t  t o  

cons iderable  deba te .  The a p p r o p r i a t e  rate of  d i scount  is  t h e  rate o f  

r e t u r n  t h a t  might reasonably be expected i n  a n  a l t e r n a t e  investment.  I f  

e x p l i c i t  al lowance f o r  r i s k  and u n c e r t a i n t y  i s  made i n  t h e  estimates of 

costs and revenue, t h e  ra te  of  r e t u r n  in a r i s k l e s s  investment can be 

used f o r  d i scount ing .  This  rate i s  es t imated  t o  b e  i n  the 5-7 percent  

range. I f  s p e c i f i c  allowances f o r  r i s k  and u n c e r t a i n t y  are not  made i n  

t h e  cost and revenue estimates, a n  average allowance can be incorporated 

i n  the  base  d iscount  rate. This  rate i s  es t imated  i n  the  8-10 percent  
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range. The r i s k  and u n c e r t a i n t y  o f  investment i n  a b a i t  f i s h e r y  i s  assumed 

t o  be h igher  than  i n  o t h e r  i n d u s t r i e s  because (1) the  purse s e i n i n g  tech-  

nique could be s u c c e s s f u l  f o r  local s k i p j a c k  tuna f i s h i n g  i n  t h e  n e a r  f u t u r e .  

I f  t h i s  i s  t h e  case, no l i v e  b a i t  may be requi red ;  and (2) the  popula t ion  

of  s k i p j a c k  tuna may d e c l i n e  i n  the  f u t u r e  a f t e r  i n t e n s i v e  e x p l o i t a t i o n .  

Therefore ,  a 6-14 percent  range i s  used i n  t h i s  s t u d y  t o  test t h e  sensi- 

t i v i t y  o f  t h e  c a l c u l a t i o n .  

Product ion and Revenue. Product ion l e v e l s  of  shad are based on  a n  

assumed rate of  200 buckets  p e r  1-acre pond ( 1  bucket - ca. 5 - 7 l b s . ) .  

I n  a pre l iminary  experiment w i t h  no feeding,  bu t  w i t h  some f e r t i l i z a t i o n ,  

50 buckets  of  shad were produced i n  1969 i n  a pond a t  Makaha, Oahu, Hawaii. 

The pond had a s u r f a c e  area of 1.4 acres (6,328,000 g a l . )  when i n i t i a l l y  

s tocked and 1 . 2  acres (3,500,000 g a l . )  when seined 6 months l a te r .  The 

pond also y ie lded  420 pounds o f  t i l a p i a ,  T i l a p i a  mossambica. With 

advanced f i s h  c u l t u r e  techniques and a lack  o f  competi tors  and p r e d a t o r s ,  

i t  may be p o s s i b l e  to  produce 200 buckets  o f  shad i n  a 1-acre pond w i t h  

a depth  of  10 f e e t  and c o n t a i n i n g  2,432,000 g a l l o n s  o f  water. 6 

A t  t h e  present  time, i t  i s  less l i k e l y  t h a t  300 buckets  of  shad can  

be produced i n  a 1-acre pond, bu t  wi th  advanced f i s h  c u l t u r e  techniques,  

i t  may be p o s s i b l e  i n  t h e  f u t u r e .  Therefore ,  t h i s  high l e v e l  of product ion 

6This experiment and t h e  l e v e l s  of t h r e a d f i n  shad product ion reported 
by Swingle i n d i c a t e  t h a t  f u r t h e r  r e s e a r c h  i s  necessary t o  determine i f  
product ion of  200 buckets  p e r  1-acre pond i s  a t t a i n a b l e .  Swingle obtained 
a n  average n e t  product ion  of  t h r e a d f i n  shad of 122 l b s .  p e r  acre over  a 
five-month per iod i n  Alabama us ing  two 0.25-acre ponds and t w o  1-acre ponds. 
H i s  ponds a lso produced l a r g e  amounts of unwanted s p e c i e s ,  averaging 234 
lbs .  p e r  acre. (Swingle, Hugh A .  Ms., "Production and Growth of  t h e  Thread- 
f i n  Shad, Dorosoma vetenense (Gunther), Alone and i n  Combination w i t h  
P isc ivorous  Species ,"  Thes is ,  Auburn Univers i ty ,  Auburn, Alabama, 1967). 
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is  a l s o  included i n  t h e  c a l c u l a t i o n .  

The above assumed product ion  l e v e l s  would r e s u l t  i n  2,000 and 3,000 

buckets  of shad p e r  u n i t  o f  t en  1-acre ponds. 

and 3,660 buckets p e r  one 10-acre pond were ex t r apo la t ed  on t h e  b a s i s  of 

increased  volume of  water i n  one 10-acre pond compared t o  t en  1-acre ponds 

due t o  p r o p o r t i n a l l y  smaller requirements f o r  l evees  i n  the  10-acre pond. 

Production l e v e l s  of 2,440 

Annual revenue s es t imated  by mul t ip ly ing  the  t o t a l  amount so ld  

by the  p r i c e  of  shad and adding income f r m  o t h e r  sources ,  as shown i n  

Table 6.  "Other income" r e f e r s  t o  t h e  r e n t a l  of t h e  t r a c t o r - t r a i l e r  and 

mobile c rane  du r ing  the  months they  are not  used t o  haul  b a i t .  T o t a l  

revenue i s  es t imated  a t  two l e v e l s  of  production: 2,440 and 3,660 buckets 

p e r  u n i t  o f  10-acre pond; and by two rates of m o r t a l i t y :  

Shad spawn i n  t h e  win te r  and sp r ing  i n  H a w a i i  and ba 

a v a i l a b l e  i n  q u a n t i t y  from May or June through September. 

based on a 4-month per iod ,  June through September. There 

10 and 16 percent .  

t - s i zed  f i s h  are 

Revenues are 

would be no 

revenues t h e  rest of  t h e  yea r ,  except those r e s u l t i n g  from t ruck  r e n t a l .  

However, i t  i s  poss ib l e  t h a t  t he  fishponds could be used t o  raise f r e s h -  

water shrimp, Macrobrachium rosenbe ra i i ,  t o  i nc rease  income without 

a f f e c t i n g  t h e  production of shad. Fu r the r  r e sea rch  is needed, however, 

before  d e f i n i t e  s ta tements  can be made about t h i s  p o s s i b i l i t y .  

The Resu l t s  of  Ca lcu la t ion  

The p resen t  va lue  c a l c u l a t i o n  of  shad ope ra t ion  w a s  done i n  two ways: 

(1) on a p e r  u n i t  b a s i s ,  and ( 2 )  t h e  e n t i r e  ope ra t ion  as one e n t e r p r i s e .  

Resu l t s  of  t h e  c a l c u l a t i o n  are summarized as fo l lows:  

_I- 
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TABLE 6 

ESTIMATED ANNUAL REVENUES OF SHAD OPERATION BY SOURCES, 
LEVELS OF PRODUCTION, AND MORTALITY RATES 

A .  V a l u e  of Shad Production 

Levels o f  Mort a li ty  Break-even V a l u e  of 
Production Rate P r i ce  Product ion  

10% $15.9 $34,916 

16% $15.0 $30,744 
2,440 buckets 

3,660 buckets 10% 

16% 

$15.9 $52,375 

$15.0 $46,116 

B.  Other Income (Rental of t r a c t o r - t r a i l e r  and mobile crane during 
off season) 

$11,480 
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On a p e r  u n i t  b a s i s :  One 10-acre  pond w i t h  one 2,000-bucket b a i t  

holding f a c i l i t y  . 
The n e t  present  va lues  are a l l  nega t ive  w i t h  t h e  product ion of  2,440 

buckets  (Table 7 )  and are a l l  p o s i t i v e  w i t h  t h e  product ion of  3,660 buckets ,  

except  when t h e  m o r t a l i t y  rate of  shad i s  16 percent  and t h e  d iscount  rate 

i s  14 percent  (Table 8 ) .  

On t h e  e n t i r e  o p e r a t i o n  as one e n t e r p r i s e :  T h i r t e e n  or nine  u n i t s  

of 10-acre ponds and s i x  u n i t s  of 5,000-bucket holding f a c i l i t i e s .  

The u n i t s  requi red  t o  produce enough b a i t  f o r  t h e  e n t i r e  f l e e t  dur ing  

t h e  f i s h i n g  season are  c a l c u l a t e d  by d i v i d i n g  t h e  t o t a l  b a i t  requirement 

by the  amount of  b a i t  produced p e r  u n i t ,  which i s  one 10-acre pond. 

meet t h e  to ta l  b a i t  requirement a t  t h e  peak f i s h i n g  season (as es t imated  

i n  Table  3),  t h i r t e e n  or n i n e  10-acre  ponds are required w i t h  a u n i t  

product ion of  2,440 o r  3,660 buckets ,  r e s p e c t i v e l y .  

holding f a c i l i t i e s  requi red  i s  der ived  by d i v i d i n g  t h e  t o t a l  amount of 

b a i t  produced by t h e  c a p a c i t y  of  a 5,000-bucket holding f a c i l i t y .  

is  about s i x  u n i t s .  

To 

The number of  b a i t -  

This  

The n e t  p r e s e n t  v a l u e s  are p o s i t i v e  only  w i t h  a d iscount  rate of  6 

percent  and w i t h  30 years  o f  o p e r a t i o n  when t h e  product ion i s  2,440 

buckets  (Table 9 ) .  With t h e  product ion of shad 3,660 buckets ,  the  n e t  

p r e s e n t  va lues  are a l l  p o s i t i v e  (Table 10 ) .  

As expected,  t h e  choice  of varying d iscount  rates and t h e  m o r t a l i t y  

rates of shad make a s i g n i f i c a n t  d i f f e r e n c e  i n  c a l c u l a t i n g  t h e  n e t  present  

va lue .  The h igher  t h e  rate of d iscount  used, t h e  lower t h e  n e t  present  

w i l l  be;  and t h e  lower t h e  m o r t a l i t y  rate used, t h e  h igher  the  n e t  present  
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TABLE 7 

NET PRESENT VALUE OF INVESTMENT I N  ONE 10-ACRE POND 
W I T H  AN ANNUAL PRODUCTION OF 2,440 BUCKETS OF SHAD AND ONE 

2 , 000 -BUCKET BAIT -HOLDING FACILITY 

Mortal i ty  rate of Mortal i ty  ra te  of 
shad = 10 percent shad = 16 percent 

Discount Years of 
ra te  operat ion Well water Water purchased Well water Water purchased 

($1,000) ($1,000) Percent ($1,000) 

6 20 
30 

-54 
-47 

-5 2 
-46 

-105 
-105 

-103 - 104 

8 20 
30 

-6 3 
-6 1 

-6 0 
-59 

- 104 
-108 

-101 
-106 

10 20 
30 

-7 1 
-7 1 

-6 9 
-68 

-107 
-110 

-105 
-107 

1 2  20 
30 

-77 
-7 1 

-7 2 
-6 7 

-109 - 105 
- 104 
-101 

14 20 
30 

-8 2 
-8 1 

-7 6 
-76 

- 109 
-110 

- 103 
-105 
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TABLE 8 

NET PRESENT VALUE O F  INVESTMENT I N  ONE 10-ACRE POND 

2,000 -BUCKET BAIT-HOLDING F A C I L I T Y  a 
W I T H  AN ANNUAL PRODUCTION OF 3,660 BUCKETS OF SHAD AND ONE 

Mor ta l i t y  rate of Mor ta l i t y  rate of 
shad = 10 percent  shad = 16 percent  

Discount Years 
rate ope ra t ion  Well water Water vurchased Well water Water vurchased 

($1,000) Percent  ($1,000) ($1,000) 

6 20 
30 

146 
194 

148 
195 

75 
107 

77 
108 

8 20 
30 

111 
136 

114 
138 

46 
65 

49 
67 

10 20 
30 

7 8  
94 

80 
97 

24 
35 

26 
38 

6 1  
73 

6 
19 

11 
23 

12 20 
30 

56 
69 

14 20 
30 

34 
41  

40 
46 

-8 
-3 

-2 
2 

a 
A 2,000 bucket capac i ty  b a i t  f a c i l i t y  would have t o  be expanded somewhat t o  

process  3,660 buckets  of shad but  t he  a d d i t i o n a l  c o s t s  are a minor p o r t i o n  of t he  
o v e r a l l  c o s t s .  
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TABLE 9 

NET PRESENT VALUE OF INVESTMENT I N  THIRTEEN 10-ACRE POND UNITS 
WITH AN ANNUAL PRODUCTION OF 2,440 BUCKETS OF SHAD PER UNIT AND 

SIX 5,000 -BUCKET BAIT-HOLDING F A C I L I T I E S  

Mortality rate of Mortality rate of 
shad = 10 percent shad = 16 percent 

Discount Years of 
rate operation Well water Water purchased Well water Water purchased 

Percent ($1,000) ($1,000) ($1,000) ($1,000) 

6 20 -19 
30  18 6 

-8 5 
92 

8 20 -198 -246 
30 -76 - 142 

10 20 -338 -37 1 
30 -265 -309 

12 20 -45 0 -47 1 
30 -405 -43 3 

14 20 -539 -550 
30 -511 -5 27 

-64 1 -707 
-560 -654 

-731 -779 
-686 -752 

-8 00 -833 
-776 -8 20 

-855 -876 
-842 -870 

-8 98 -909 
-891 -907 
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TABLE 10 

NET PRESENT VALUE OF INVESTMENT I N  NINE 10-ACRE POND UNITS 
WITH AN ANNUAL PRODUCTION OF 3,660 BUCKETS OF SHAD PER UNIT AND 

SIX 5,000-BUCKET BAIT-HOLDING FACILITIES 

M o r t a l i t y  r a t e  of 
shad = 10 p e r c e n t  

M o r t a l i t y  rate of 
shad = 16 p e r c e n t  

D i s c o u n t  Years of 
r a t e  o p e r a t i o n  Well w a t e r  Water purchased  Well water Water purchased  

P e r c e n t  ($1,000) ($1,000) ($1,000) ($1,000) 

6 20 1,453 1 ,383 8 07 737 
30 1,916 1,818 1,140 1,042 

8 20 1,100 1 ,050 
30 1 ,374 1,306 

10 20 8 26 7 9 1  
30 996 950 

547 497 
7 40 67 2 

347 312 
46 5 419 

12 20 6 15 584 18 7 164 
30 7 14 68 4 260 230 

14 20 43 1 4 18 58 45 
30 498 481 104 87 
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value (F igure  1). A 30-year ope ra t ion  r e s u l t s  i n  a h ighe r  ne t  p re sen t  

va lue  than  a 20-year ope ra t ion .  However, t h i s  d i f f e r e n c e  i s  narrowed down 

when a higher  d i scoun t  rate i s  used (F igure  2 ) .  Fresh wa te r  suppl ied from 

a w e l l  a l s o  r e s u l t s  i n  a h ighe r  n e t  p re sen t  value than  when water i s  pur-  

chased. But t h e  d i f f e r e n c e  is  r e l a t i v e l y  small (F igure  3 ) .  To ope ra t e  

t h e  b a i t  s t a t i o n  on a l a r g e  scale ( a s  one e n t e r p r i s e )  i s  more p r o f i t a b l e  

than  on a small scale.  The l a r g e  scale ope ra t ion  needs fewer but l a r g e r  

ba i t -ho ld ing  f a c i l i t i e s .  The cons t ruc t ion  and ope ra t ing  cos ts  of one l a r g e  

ba i t -ho ld ing  f a c i l i t y  are less than t h a t  of a number of  smaller ones.  

The Break-even (Minimum) P r i c e  o f  Shad Operation 

The break-even p r i c e  est imated i n  Table 4 was der ived by t h e  opportu-  

n i t y  cos t  approach and i t  i s  t h e  maximum p r i c e  fishermen would be w i l l i n g  

t o  pay f o r  shad. That p r i c e  was used i n  t h e  ne t  p re sen t  va lue  c a l c u l a t i o n  

i n  t h e  p rev ious  s e c t i o n .  

Now, g iven t h e  cons t ruc t ion  costs (ponds and ba i t -ho ld ing  f a c i l i t i e s ) ,  

t h e  product ion cos ts ,  t h e  l e v e l  of  product ion and t h e  discount  ra te ,  i t  

is p o s s i b l e  t o  c a l c u l a t e  ano the r  set  o f  break-even p r i c e  o f  shad, which i s  

t h e  minimum p r i c e  r e s u l t i n g  i n  a z e r o  n e t  p re sen t  value of  shad ope ra t ion .  

By assuming NPV = 0,  then  equa t ion  (6 )  can  be r e w r i t t e n  as:  

S ince  t h e  average l e v e l  o f  product (Qs) and o t h e r  income (I,) are 

assumed cons t an t  ove r  time, equa t ion  (7) can  be  r e w r i t t e n  as :  
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r 

The minimum break-even p r i c e  c a l c u l a t i o n  of  shad ope ra t ion  w i l l  no t  

be  made f o r  those  estimates w i t h  nega t ive  n e t  p re sen t  va lues  i n  t h e  p re -  

v ious  s e c t i o n .  When t h e  n e t  p re sen t  va lue  i s  nega t ive ,  t h e  break-even 

p r i c e  o f  shad ope ra t ion  would be  h ighe r  than t h e  maximum p r i c e  t h e  f i s h e r -  

men are w i l l i n g  t o  pay. Th i s  i s  not  f e a s i b l e  from a n  economic viewpoint.  

The minimum break-even p r i c e  i s  c a l c u l a t e d  on ly  f o r  those  estimates w i t h  

a p o s i t i v e  ne t  p re sen t  va lue  i n  t h e  previous sec t ion .  The r e s u l t s  of  t h e  

c a l c u l a t i o n  are summarized i n  Tables  11 and 12. The est imated minimum 

break-even p r i c e  of shad ranges from about $11 t o  $15 pe r  bucket.  
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TABLE 11 

ESTIMATED BREAK-EVEN @fINIMUP$ P R I C E  O F  SHAD OPERATION FOR ONE 10-ACRE 
POND WITH AN ANNUAL PRODUCTION O F  3,660 BUCKETS OF SHAD, AND ONE 

2 , 000 -BUCKET BAIT-HOLDING F A C I L I T Y  

Mortality rate of Mortality rate of 
shad = 10 percent shad = 16 percent 

Discount Years of 
rate operation Well water Water purchased Well water Water purchased 

(%I (years) ($ per bucket) ($ per bucket) 

6 20 12.0 12.3 12.8 12.8 
30 11.6 11.6 12.5 12.5 

8 20 12.6 12.5 13.5 13.4 
30 12.2 12.2 13.1 13.1 

10 20 13.1 13.1 14.1 14.0 
30 12.8 12.7 13.7 13.6 

12 20 13.7 13.5 14.7 14.5 
30 13.7 13.5 14.6 14.5 

14 20 14.3 14.1 15.4 15.1 
30 14.1 13.9 15.1 14.9 
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TABLE 1 2  

ESTIMATED BREAK-EVEN(MINIMUI$ PRICE OF AN ENTIRE SHAD OPERATION (INCLUDING N I N E  
UNITS OF 10-ACRE PONDS AND SIX UNITS OF 5,000 BUCKET BAIT-HOLDING FACILITIES) 

W I T H  AN ANNUAL PRODUCTION OF 3,660 BUCKETS OF SHAD PER POND UNIT 

Mortal i ty  r a t e  of Mortal i ty  r a t e  of 
shad = 10 percent shad = 16 percent Discount Years of 

r a t e  operation Well water Water ourchased Well water Water purchased 

($ per bucket) 

6 20 11.6 11.8 12.5 12 .7  
30 1 1 . 2  11.4 12.0 12.3 

8 20 12.1 12.3 13.0 13.2 
30 1 1 . 7  11.9 12.6 12.8 

10 20 12.6 12.7 

30 12.3 12.5 

12  20 13.1 13.2 
30 12.9 13.0 

14 20 13.7 13.7 
30 13.5 13.5 

13.5 13.7 
13.2 13.4 

14.1 14.2 
13.8 14.0 

14.7 14.8 
14.5 14.6 
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I V .  Harvest ing Shad from the  Ex i s t ing  Reservoir  

The Wahiawa Reservoir  is  i n  a n  a g r i c u l t u r a l  r eg ion  i n  the i n t e r i o r  

of  Oahu. This  r e s e r v o i r  has an a r e a  of 302 a c r e s  (3 b i l l i o n  g a l . )  and 

i s  used f o r  i r r i g a t i o n  and s p o r t  f i s h i n g .  Shad is w e l l  e s t a b l i s h e d  and 

t h e  r e s e r v o i r  probably con ta ins  a t  l e a s t  5,000 buckets  of  shad i n  t h e  

summer. These shad could be used a s  a b a i t  supplement assuming there i s  

no c o n f l i c t  w i th  s p o r t  f i s h i n g  i n  the  r e s e r v o i r .  

The economic worth of investment i n  ha rves t ing  shad from the  reser- 

v o i r  i s  evaluated by t h e  same methodology developed i n  t h e  previous 

s e c t i o n s .  The  c o s t s  of ha rves t ing  shad a r e  summarized i n  Appendix Table 

A-8 and t h e  c o s t s  of a b a i t  f a c i l i t y  (5,000 buckets)  a r e  the same a s  shown 

i n  Appendix Tables A-5 and A-6. Since most of t h e  important equipment have 

t o  be replaced every 5 o r  10 yea r s ,  t he  p re sen t  value c a l c u l a t i o n  i s  based 

on a 10-year span. 

The r e s u l t s  of p r e s e n t  value c a l c u l a t i o n s  are shown i n  Table 13. I t  

i s  noted t h a t  a l l  t he  p re sen t  va lues  a r e  p o s i t i v e .  However, i t  should be 

mentioned t h a t  t he  s o c i a l  c o s t s  of t h i s  ope ra t ion  due t o  p o s s i b l e  c o n f l i c t  

with s p o r t  f i s h i n g  a r e  not  included i n  t h e  c a l c u l a t i o n .  

The  break-even p r i c e s  of  shad ope ra t ion  from a n  e x i s t i n g  r e s e r v o i r  

c a l c u l a t e d  by using equat ion (8) are summarized i n  Table 14. A l l  of them 

are much less than t h e  maximum p r i c e  the  fishermen a r e  w i l l i n g  t o  pay. 
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TABLE 13 

NET PRESENT VALUE O F  INVESTMENT I N  HARVESTING SHAD FROM AN 
E X I S T I N G  RESERVOIR WITH ONE 5,000 BUCKET BAIT-HOLDING F A C I L I T Y  

Mortal i ty  r a t e  of 
shad = 10 percent 

Mortal i ty  r a t e  of 
shad = 16 percent 

Discount 
r a t e  Well water Water purchased Well water Water purchased 

Percent ($1,000) 

6 108 105 45 42 

8 93 92 35 34 

10 79 78 27 25 

12  68 67 19 18 

14 57 57 13 13 

TABLE 14 

ESTIMATED BREAK-EVEN (MINIMUM) P R I C E  O F  SHAD OPERATION 
FROM AN E X I S T I N G  RESERVOIR 

Mortal i ty  r a t e  of Mortal i ty  r a t e  of 
shad = 10 percent shad - 16 percent Discount 

rate Well water Water purchased Well water Water purchased 

($  per  bucket) ($  per bucket) 

6 10.1 10.2 10.8 10.9 

8 10.3 10.3 11.0 11.1 

10 10.5 10.5 11.2 11.3 

1 2  10.7 10.7 11.5 11.5 

14 10.9 10.9 1 1 . 7  11 .7  
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V. Summary and Conclusions 

Since no market e x i s t s  f o r  b a i t  used by t h e  commercial sk ip j ack  

f i s h e r y ,  the va lue  of b a i t  (nehu) i s  c a l c u l a t e d  i n d i r e c t l y  by t h e  oppor- 

t u n i t y  c o s t  method. The  value of shad is, i n  tu rn ,  de r ived  by comparing 

the  tuna-catching a b i l i t i e s  and t h e  m o r t a l i t y  rates of nehu and shad. 

The economic worth of  investment i n  t h e  shad c u l t u r e  ope ra t ion  is 

measured by t h e  p re sen t  value method. The c r i t e r i o n  is  t h a t  i f  t h e  cal-  

cu la t ed  n e t  p re sen t  va lue  i s  p o s i t i v e ,  investment i n  a shad e n t e r p r i s e  

would be p r o f i t a b l e .  On t h e  o t h e r  hand, i f  t he  investment h a s  a nega t ive  

n e t  p re sen t  va lue ,  i t  would be undes i r ab le  from a n  economic viewpoint.  

The c a l c u l a t i o n s  were made a t  two l e v e l s  of  product ion,  2,440 and 

3,660 buckets  of shad p e r  10-acre pond 

r a t e  of shad, 10 and 16 pe rcen t ;  f i v e  l e v e l s  of d i scoun t  r a t e ,  6 ,  8 ,  10, 

1 2 ,  and 14 p e r c e n t ;  two sources  of f r e s h  water ,  from w e l l  and t o  be 

purchased; two terms of  ope ra t ion ,  20 and 30 y e a r s ;  and two ways of 

ope ra t ion ,  on a p e r  u n i t  b a s i s  and on t h e  e n t i r e  ope ra t ion  a s  one e n t e r -  

p r i s e .  

u n i t ;  two Levels of m o r t a l i t y  

The r e s u l t s  of t h e  c a l c u l a t i o n s  i n d i c a t e  t h a t  t he  shad ope ra t ion  is  

f e a s i b l e  w i t h  an annual product ion of 3,660 buckets  of shad pe r  10-acre 

pond u n i t  and w i t h  t he  s e l e c t e d  range of d i scoun t  rates (6-14 pe rcen t ) .  

However, i t  i s  no t  f e a s i b l e  with an annual product ion of 2,440 buckets .  

The r a t e s  of discount  and m o r t a l i t y  of shad and terms of ope ra t ion  have 

a s i g n i f i c a n t  e f f e c t  on t h e  p r o f i t a b i l i t y  of  the ope ra t ion ,  while  t he  

sources  o f  f r e s h  water make no s i g n i f i c a n t  d i f f e r e n c e  i n  p r o f i t a b i l i t y  

of the ope ra t ion .  It can be suppl ied from a w e l l  o r  purchased. TO 
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opera t e  t h e  b a i t  s t a t i o n  on a l a r g e  s c a l e  ( a s  one e n t e r p r i s e )  i s  more 

p r o f i t a b l e  than  on a small scale. 

but l a r g e r  ba i t -ho ld ing  f a c i l i t i e s .  The cons t ruc t ion  and opera t ing  c o s t s  

of a l a r g e  ba i t -ho ld ing  f a c i l i t y  are less than those  of a few smaller ones. 

The r e s u l t s  of p re sen t  va lue  c a l c u l a t i o n s  a l s o  i n d i c a t e  t h a t  t h e  

The l a r g e  scale opera t ion  needs fewer 

investment i n  harves t ing  shad from an e x i s t i n g  r e s e r v o i r  is  p r o f i t a b l e  

i f  t h e r e  i s  no c o n f l i c t  w i th  s p o r t  f i s h i n g .  

S ince  most of t h e  d a t a  used i n  t h i s  s tudy  are based on pre l iminary  

estimates, f u t u r e  r e sea rch  should be d i r e c t e d  i n  t h e  following areas: (1) 

study t h e  p o s s i b i l i t y  of r a i s i n g  f r e s h  water shrimp o r  o the r  spec ie s  i n  

t h e  ponds t o  i nc rease  income; (2) test t h e  a c t u a l  m o r t a l i t y  r a t e  of shad 

on commercial f i s h i n g  boa t s ;  (3) determine t h e  maximum production of shad 

i n  va r ious  s i zed  ponds; and (4) s tudy  t h e  f e a s i b i l i t y  (both t e c h n i c a l  and 

economic) of cons t ruc t ing  l a r g e r  s i z e  ponds and h igher  capac i ty  b a i t  

f a c i l i t i e s  t o  reduce c o s t s .  
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APPENDIX 

Table A - 1 .  Costs--One 10-acre Pond (Depth: 10 f e e t )  

COSTS OF CONSTRUCTION:a 
Engineering design 
Excavation and levee construct ion 
Well (12" diameter,  150' deep) 
Access road (500' long, gravel  topped) 

b 
Pump (800 gpm) and motor (10 hp) 
Pipes,  valves,  etc.  (8" cast i ron ,  6" pvc) 
I n s t a l l a t i o n  of pipes ,  pump, e tc .  
Fence (0.67 miles, 4-strand barb w i r e )  
Surfacing of levee (grass) 
Boat and motor 
Harvest equipment 

COSTS OF EQUIPMENT: 

Fish pump, portable ,  on t ra i le r  
Seine 
Fish t r a n s f e r  hoses 
N e t  handling system (tow-bar) 

Pickup truck 
Water ana lys i s  k i t  
Works hed -8 torage house 
Miscellaneous 

ANNUAL OPERATION COSTS : 
Cost of pumping ( e l e c t r i c i t y )  
Fish food 
F e r t i l i z e r  
Labor 
Pickup t ruck ,  5,000 miles a t  .10/mile 
Land lease r e n t a l  (13.5 acres )  
Maintenance (pond and equipment) 

Cost 
(do l l a r s )  

8,959 
41,698 
10,800 
2,000 

63,457 

1,442 
839 
448 

1,000 
5 00 
631 

3,600 
1,770 

18 0 
365 

2,800 
250 

1 , 000 
5 00 

15,325 
78 782 A 

586 
2,928 

244 
11,550 

500 
2.700 

766 
19,274 

a 

bTotal c o s t s  of equipment v a r i e s  every year  depending upon the  physical  

15 percent of cos t  of construct ion and selected equipment. 

l i f e  of equipment (Table A-7). 

The  value of a g r i c u l t u r a l  land ranged from $4,000 t o  $30,000 an acre. C 

I n  t h i s  study a $10,000 pe r  acre value i s  used. 
centage o f  land value ranged from 2 percent t o  6 percent on Oahu. A 2 
percent rate is  used i n  t h i s  study. 

Land lease r e n t a l  as a per-  

Source: NMFS, HAFRC. 
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Table A-2.  Costs--Ten 1-acre Ponds (Depth: 10 f e e t )  

c o s t  
(do l l a r s )  

COSTS OF CONSTRWTION: a 
Engineering design 
Excavation and levee construct ion 
Well (12'' diameter, 150' deep) 
Access road (500' long, gravel  topped) 

b 

Pump (800 gpm) and motor (10 hp) 
Pipes,  valves,  etc.  (8" c a s t  i ron ,  6" pvc) 
I n s t a l l a t i o n  of pipes ,  pump, e t c . )  
Fence (0.7 -ai., 4-strand barb wire) 
Surfacing of levees (grass) 
Boat and motor 
Harvest equipment 

COSTS OF EQUIPMENT: 

Fish pump, portable ,  on t r a i l e r  
Seine 
Fish t r a n s f e r  hoses 
N e t  handling system (taw-bar) 

Pickup truck 
Water ana lys i s  k i t  
Works hed -8 torage house 
Miscellaneous 

ANNUAL OPERATION COSTS : 
Cost of pumping ( e l e c t r i c i t y )  
Fish food 
F e r t i l i z e r  
Labor 
Pickup t ruck,  5,000 miles a t  .10/mile 
Land lease r e n t a l  (14.6 acres)  
Maintenance (ponds and equipment) 

See footnote a of Table A - 1 .  a 

bSee footnote b of Table A - 1 .  

See footnote c of Table A - 1 .  C 

13 , 053 
61,610 
10,800 
2,000 

87,463 

1,442 
6,552 
2,016 
1 , 100 

500 
631 

3,600 
600 
18 0 
365 

2,800 
250 

1,000 
5 00 

21,536 
108.999 

548 
2,400 

200 
11,550 

500 
2,920 

783 
18,901 

Source: NMFS, HAFRC. 
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Table A-3. Cost s --2 , 000-bucke t Threadfin Shad -holding F a c i l i t y  , 
Fresh Water from a Well 

cos t  
(do l la rs )  

COSTS OF CONSTRUCTION: a 
Engineering design 
S i t e  preparat ion 
Well (10" diameter,  150' deep) 

b COSTS OF EQUIPMENT: 
Pump (200 gpm) and motor (5 hp) f o r  f resh  water 
Pump (300 gpm) and motor (3 hp) f o r  salt water 
Pipes,  valves,  etc. 
Holding tanks (3) 
I n s t a l l a t i o n  of tanks and water system 
Fence (chain l ink)  
S a l t  water f i l t e r  
Bait t r a n s f e r  hose 
Pickup truck 
Mobile crane 
Trac to r - t r a i l e r  combination ( t o  haul b a i t )  
Portable  f i s h  tanks ( including metal bases) 
A-frame t o  l i f t  tanks 
Oxygen system 
Works hed -s torage house 
M i s  c e  1 lane ous 

ANNUAL OPERATION COSTS: 
Labor 
Cost of pumping ( e l e c t r i c i t y )  
Fish food 
Oxygen 
Vehicles 

Pickup t ruck 5,000 miles a t  .10/mile 
T r a c t o r - t r a i l e r  (summer only) 2,000 miles a t  

Mobile crane (summer only) 
.3O/mile 

Land lease  r e n t a l  (7,500 square f ee t )  
Maintenance 

2,997 
1,000 
9.000 

1 2  , 997 

1,270 
1,057 
1,831 

825 
1,552 

945 
1,500 

120 
2,800 

12,000 
27,800 

5,500 
200 

1,050 
1,000 

9,487 
28 9 
200 
300 

500 

6 00 
100 

1,500 
6 09 

13 , 585 

See footnote a of Table A - 1 .  a 

bSee footnote  b of Table A-1 .  

'Land value i n  harbor a rea  is estimated about $10 per  square foot .  

Source: NMFS, HAFRC. 

Lease 
r e n t a l  is estimated about 2 percent of the  land value.  



-38 - 
T a b l e  A -4. C o s t s  --2 , 000 -bucke t  T h r e a d f i n  Shad - h o l d i n g  F a c i l i t y  , 

F r e s h  Water P u r c h a s e d  

c o s t  
( d o l l a r s )  

COSTS OF CONSTRUCTION: a 
E n g i n e e r i n g  s e r v i c e s  
S i t e  p r e p a r a t i o n  

b COSTS OF EQUIPMENT: 
Pump (300 gpm) and m o t o r  ( 3  hp) f o r  s a l t  water 
P i p e s ,  v a l v e s ,  etc.  
H o l d i n g  t a n k s  (3) 
I n s t a l l a t i o n  of t a n k s  and water s y s t e m  
F e n c e  ( c h a i n  link) 
S a l t  water f i l t e r  
Bait t r a n s f e r  h o s e  
P i c k u p  t r u c k  
T r a c t o r - t r a i l e r  c o m b i n a t i o n  ( t o  h a u l  b a i t )  
M o b i l e  c r a n e  
P o r t a b l e  f i s h  tanks, i n c l u d i n g  metal b a s e s  
A-frame t o  l i f t  t a n k s  
Oxygen s y s t e m  
Workshed -s t o r a g e  house  
Misce 1 l a n e o u s  

ANNUAL OPERATION COSTS: 
F r e s h  water (8 .64  m i l l - m  g a l l o n s  
L a b o r  
C o s t  o f  pumping ( e l e c t r i c i t y )  
F i s h  food  
Oxygen 
V e h i c l e s  

1 , 4 5 6  
1 : 000 

2,456 

1 ,057  
1,831 

8 2 5  
1 , 5 5 2  

945 
1 ,500  

120  
2 ,800  

27 ,800  
12 , 000 
5 , 500 

200 
1 , 050 
1 , 0 0 0  

500 
58 .680  

1 , 250 
9 ,487  

155  
200 
300  

P i c k u p  t r u c k ,  5 , 0 0 0  miles a t  . 1 0 / m i l e  5 0 0  
T r a c t o r - t r a i l e r  (summer o n l y )  2 , 0 0 0  miles a t  .30 /mi .  600  

Land lease r e n t a l  (7 ,500  s q u a r e  f e e t )  1 , 500 
M a i n t e n a n c e  302 

M o b i l e  c r a n e  (summer o n l y )  100  

14 ,394  

See  f o o t n o t e  a o f  T a b l e  A - 1 .  a 

bSee  f o o t n o t e  b o f  T a b l e  A - 1 .  

‘See f o o t n o t e  c o f  T a b l e  A - 3 ,  

S o u r c e :  NMFS, HAFRC. 
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Table A-5. Costs--5,000-bucket Threadfin Shad-holding Facility, 
Fresh Water from a Well 

COSTS OF CONSTRUCTIONi 
Engineering costs 
Site preparation 
Well (10" diameter, 150' deep) 

b COSTS OF EQUIPMENT: 
Pump (300 gpm) and motor (10 hp) for fresh water 
Pump (700 gpm) and motor (10 hp) for salt water 
Pipes, valves, etc. 
Holding tanks (7) 
Installation of tanks and water system 
Fence (chain link) 
Salt water filter 
Bait transfer hose 
Pickup truck 
Mobile crane 
Tractor-trailer combination (to haul bait) 
Portable fish tanks (includes bases) 
A-frame to lift tanks 
Oxygen system 
Works hed -8 torage 
Miscellaneous 

ANNUAL OPERATION COSTS : 
Labor 
Cost of pumping (electricity) 
Fish food 
Oxygen 
Vehic les 

Pickup truck, 6,000 miles at .10/mile 
Tractor-trailer (summer only) 4,000 miles at .30/mi. 1,200 
Mobile crane (sumer only) 100 

Land lease rental (11,550 square feet) 2,310 
7 16 Maintenance - 

See footnote a of Table A-1. a 

bSee footnote b of Table A-1. 
'See footnote c of Table A-3. 

Source: NMFS, HAFRC. 

cost 
(dollars) 

3,969 
2,000 
9.000 

1,454 
1 , 369 
3,501 
1 , 925 
2 , 768 
1,445 
2,000 

120 
2,800 
12 , 000 
27,800 
5,500 
200 

1,050 
1,000 
500 

9,487 
792 
45 0 
750 

600 

14,969 

65,432 
80,401 

16 405 
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Table A-6. Cos ts--5,000-bucket Threadfin Shad -holding F a c i l i t y ,  

Fresh Water Purchased 

Cost 
( d o l l a r s )  

COSTS OF CONSTRUCTION: 
Engineering c o s t s  a 
S i t e  p repa ra t ion  

b COSTS OF EQUIPMENT: 
Pump (700 gpm) and motor (10 hp) f o r  salt  water  
P ipes ,  va lves ,  etc.  
Holding tanks (7) 
I n s t a l l a t i o n  of tanks and water  system 
Fence (chain l i nk )  
S a l t  water  f i l t e r  
Ba i t  t r a n s f e r  hose 
Pickup t ruck  
Mobile c rane  
T r a c t o r - t r a i l e r  
Po r t ab le  f i s h  tanks ( inc ludes  bases)  
A-frame t o  l i f t  tanks 
Oxygen system 
Workshed -8 to rage  house 
Miscel laneous 

ANNUAL OPERATION COSTS: 
Labor 
Cost of pumping ( e l e c t r i c i t y )  
Fresh water  (21.6 mi l l i on  ga l lons )  
F i sh  food 
Oxygen 
Vehicles  

Pickup t ruck ,  6,000 miles a t  .10/mile 
T r a c t o r - t r a i l e r  (summer only)  4,000 miles a t  
Mobile c rane  (swmner only) 

Land lease r e n t a l  (11,550 square f e e t )  
Maintenance 

aSee footnote  a of Table A-1 .  

bSee footnote  b of Table A-1 .  

CSee footnote  c of Table A-3. 

Source: NMFS, HAFRC. 

2,401 
2,000 

4,401 

1,369 
3,501 
1 , 925 
2,768 
1,445 
2 , 000 

120 
2,800 

12 , 000 
27,800 

5,500 
200 

1 , 050 
1 , 000 

500 
63.978 
68,379 - 

9,487 
478 

2 ,731  
450 
750 

600 

100 
2,310 

3O/mile 1 , 200 

349 
18 , 455 
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Table A-7. Estimates of the  Useful L i f e  of Equipment Associated wi th  
Bait-holding F a c i l i t i e s  and wi th  Raising Shad i n  Ponds 

Item Useful l i f e  

Years 

Pickup t ruck 
Mobile crane 
T r a c t o r - t r a i l e r  t ruck 

Well 

Pumps 
Pipes ,  valves  

Earthen ponds 

Fence (barbwire, around ponds) 
Fence (chain l i n k ,  around b a i t  f a c i l i t y )  
Boat 

Outboard motor 
Por tab le  f i s h  pump 
Seine 
Trans f e r  hoses 

Tow-bar system 
Water ana lys i s  k i t  

Workshop-s torage house 

T r a i l e r  f o r  s k i f f  
Diving gear  

B a i t  barge 
€io Id ing  tanks 
S a l t  water f i l t e r  
Por tab le  f i s h  tanks 
A -frame 
Oxygen system 
Miscellaneous items 

5 

10 

10 

25 

18 

30 

40 
5 

10 

5 

5 

10 

3 

5 

5 

5 

15 
10 

5 

5 

3 

5 

7 
7 

5 
2 
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Table A-8. Costs of Seining Threadfin Shad from Exist ing Reservoirs 

cos t  
(do l la rs )  

a 

Seine s k i f f  
Trailer f o r  s k i f f  
Bai t  se ine  
Outboard motor 
Fish pump, por tab le ,  on t ra i ler  
Pickup t ruck 
Diving equipment 
Bait t r a n s f e r  hoses 
Miscellaneous (ne ts ,  buckets,  e t c . )  
Water ana lys i s  k i t  
B a i t  barge 

COSTS OF EQUIPMENT: 

ANNUAL OPERATION COSTS : 
Labor 
Vehicle,  pickup, 4,000 miles a t  .10/mile 
Compressed a i r  f o r  diving 
Comcnercial f i sh ing  l icense  
Maintenance 

2,000 
1,000 
1,170 

750 
3,600 
2,800 

950 
18 0 
300 
250 

1,500 
14,500 

24,750 
400 
500 

10 
33 7 

25 , 997 

a Tota l  c o s t s  of equipment vary every year depending upon t h e  physical  
l i f e  of equipment. 

Source: NMJ?S, HAFRC. 




