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ECONOHIC RESEARCH CENTER PUBLICATIONS POLICY

The Economic Research Centet was established as an integral part of
the university of Hawaii. by Act 150 of the 1959 Legislative Session. Its
functions, as prescribed by law, are:

"l. To evaluate and secure evidence on the economic effects of

proposed and ense ted leg is let i,on.

2. To perform basic economic research necessary for the operations
of various government agencies.

3. To perform continuing economic and statistical research for
the welfare of the cosssunity as a whole.

4, To evaluate the effects of national legislation and national
and international developments on the economy of Hawaii,

5. To promote understanding of our economy."

As a university research agency, the Econasic Research Center seeks
to perform these functions in an entirely objective manner. This means
the approach in each case must be from the viewpoint of the general
welfare and not from that of any social, economic, or political interest
group.

Each research study is carried out under the direction of a person
judged to be professionally competent according to the usual academic
standards. In keeping with the tenets of academic freedom, the Economic
Research Center encourages the full and free development of views on the
part of its research personnel, subject to the broad constraint of main-
taining scienti.fic objectivity. Such a pol.icy means that any opinions
expressed are those of the authors alone and do not necessarily represent
the views of the Universi.ty of Hawaii nor any of its administrative or
academic subdivisions,
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The Fishery Research Center tanks in the foreground are being uti i ized to test the
efficiencies of various food mixtures for increasing prawn production.



A f j st ful of p month old juveni le prawns. These few are a part of the estimated
one and a hal f mi 'l l ion reared at the State Anuenue Fisheries Research Center thi s
year foe eventual distr lbut ion to cooperat ive pond owners.



State Fishery personnel harvest a net full of prawns at Ota's Pond in Punaluu.



it takes approximately one year to rear market-sized prawns weighing one
hal f pound in operating ponds.



State Fish and Game Di vision personnel sampling prawns
 above! and col iecting data  below! at Punaluu pi lot
pond.



Part icipants and instructors of the aquaculture training program which took place
during the summer of 1972. Kneel lng from left to right are Takuji Fijimura  State
Fish and Game Division!, Philippe Siu  Tahiti!, Prak Tha  Cambodia!, and Gary Dura
 Marine Option Program!; standing in the first row are Bin Jaafar Mahmood  West
Ma'lays ia!, Beejayechundre Jugnarain  Mauritius!, Pras i t Kessunchai  Thai land!,
Kenneth Kato  Pacific Aquaculture Corporation!, and Songchai Sahavacharin  Thailand!;
and standing in the back row are Col in Nash  Oceanic Inst i tute!, Tin Taing Heang
 Cambodia!, Howard Oeese  Marine Opt ion Program!, Ni col aas Luykx  East-West Food
institute!, and J. Thomas Stuart  State Office of the Marine Affairs Coordinator!.
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I . INTRCIUCT ION

The increasing pressure of vorld population expansion and the shot'tage

of animal protein in many parts of the vorld have ted to more intensive

exp loi tat ion of the fishery resources of the vorld' ~ oceans. Hovever, the

vorld ocean fishery resources are not only relatively limited but are

coaeon-property in nature. These have resulted in overfiehing for some

species. ! t. ia estimated that the ma]or species presently being fished vill

reach the point of maximum sustainable supply in the 1985-2000 period. The
1

need for a substanti.al increase in the vorld supply of animal protein and

the rapid increase in price of some of the fishery product ~ have ~ timuiated

interee t in aquaculture in recent years.

Pish farming i ~ usual.ly done by collection of fry or baby fish from the

~ e& and feed i ng them in protec ted enc losures unt i 1 t hey are reedy for market-

ing. This catching and rearing of ]uveniles have proved an effective method

of producing marketable fish and shellfish but ia only a modest improvement'

over hunting adult fish at see. During the 1950s some success vse achieved

in cultivating marine epeciea from captive patent stock. Since these euc.

ceases, the intensive cultivation of atiuatic animals has been the ob]ect of

a great deal of laboratory research throughout the vorld. One of th» most

successful researches vas that done by the Pish and Came Division of the

State of Havaii vith l4alayslan pravn culture.

l Frederick W. Be 1! and assoc iatee, The Puture of the ldorid 'a Piaher
Resources' Division of Economic Research, Rational Marine Fisheries Service,
Morking Paper 7l-l, 1970.
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The pish and Game Division of the State of Hawaii imported 3b

freshwater pravns  Hacrobrachium rosenber ii from Halaysia in 1965, 2

a thorough investigation of the physical and biologicaL characteristics a�d

after numerous rearing trials, s mass rearing technique was developed,

state scientists can now hatch eggs and rear them through the life cycle.

To date, more than 2 million prawns, comprising five generations, have been

produced from the 36 originally imported prawns. The «dvantages of this

particular species over many other crustaceans sre:  I! Tt readily adapts

to a wide range of salinity, �! it is amenable to culture techniques, �!

it breeds throughout the year under natural conditions, �! s large female

can produce as many as 80,000 eggs, �! the female carries and cares for eggs

thus resulting in relatively high hatching success, �! it has a relativeLy

short larval life, �! it is a fast growing omnivore, feeding on both animal

and plant materials, and  8! taste test done by an independent laboratory in

Hew York indicated that the frosen freshwater prawn was more delectable then

frosen salt water shrimp.

hlthough it ia technically feasible to produce prawns in Hawaii, the

economic feasibility of this production has yet to be determined. The major

objective of thi ~ ~ tudy is to evaluate the economic feasibility of freshwater

prawn production in Hawaii. It is hoped that this study will. serve as the

first attempt to analyse the economic problems of the industry.

The study is divided into six sections. The method of evaluating invest-

ment worth is presented in Section II. Section TTI estimates the cost of

2
T. Pujimura and H. Okamoto, Notes on Pro ress Hade in Develo in a Nasa

C~utturtn Technt c for Nscrohrechtue Rosenher ii in Reusii, Division of
pish and Game, State of Hawaii, 1910.



Juvenile praline vhila eaction IV eaaeurae the econaaic worth of the invaetaant
in preen farming, Tha prnepacta of tha induetty and a e~ry and conclveioae
are praeantad in Sactione V and Vl.



II. NRHOD OP BVALUATING IHVRSTHKFT CNORTH

!n aoet inveetaent prnceaaee a large aaovnt of capital ovtlay ia

neceeaery at the initial etage of inveataent with returna accruing to the

inventor over ~ period of tiae. A dollar in hand today ia nore valuable

than e dollar to be gained enaetiae in the future. Therefore, the profita-

bility of inveataent in pron faraing ia naaeured by the present value

aethod in thia atudy. Thin aethod aeaeurea the exceaa of the diacounted net

caeh infler over the capital coat of the fere. There are four aajor atepa

involved in thin aethod.

�! Deteraination of an appropriate diacount rate. The diacount rata

~ hould reflect the rata of return that aight reeeonably be expected in an

alternative invaataent. Deciaion aakera uaa different diacount retee for

different clnaaea of expnnditvree to reflect differencee in the degree of

rink involved. Tha diecovnt rate choaen by the deciaion aaker repreeenta the

"cut-off criterion" in judging vbathnr or not an invaetaant ia deeirable.

�! Coapvting the preeent valve of the nat caah inf loan that is expected

to reeult if the capital expenditure ia aade, The net caah infirm ia a par-

ticular year ie the difference bet@ann total revenue and total cont. The

total coat inclvdea actval euaa expended on eqvipaent, labor, aateriala,

taxee, etc. The a~tion of the diecovnted annual net caeh inflcw ia the

preeent value of the net caeb infirm. It ia ~ leo poaaible to diacovnt

independently the atreaa of annual receipta and coot' ~ and to calculate the

preeent net caeh inflow by eiaply evbtracting the ava of the latter froa

that of the foraer. The preeent value of the net ceah inf loan repreeenta



the maximum amount thaC a firm could afford to pay for the investment

opportunity without being f inane ially worse off�.

�! Computing the present valve of the cash outlays required by the

investment. Nost of the capital outlays associated with investmenC occur

immediately. In this case, the present value of the outlays is merely tha

net amount of capital needed when the investment is made  since the preeenC

value of a dollar expended today is $1.00! . If the feei li ties constructed

 or purchased! have salvage value st the end of the analysis period, the

capital cost would be tha difference between the construction cost and the

discounted salvage value.

�! The present value of the capital outlays, ae determined in ~ tep 3,

is subtracted from the present value of che net cash inf Love, as determined

in step 2. The difference i ~ referred to ae the net present value of the

investment. These statements can be expressed mathematically as:

Qi P n Ci S
Npv K +

i I �+r! i o  ]+r! �+r!"

HPV ~ net present value of investment

Q ~ annual production

P price

C ~ production cost

S salvage value of the assete in year n

r ~ discount rate

i ~ L...n, number Of yeara in OperatiOn
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Since production cost  C! consists of �! initial construction costs  C !,
0

�! equipment costs  C !, and annual operating costs  C !, equation �! can

be rewritten as

n i i n Ce n CQ P
SNPV C~+ E ~+ L + �!

�+r! x 1 �+r! i 1 �+r! �+r!

By assuming annual revenue and operating costs to be constant, equation �!

can be again rewritten as

NPV Q ~ P - C + + C , 'j I

+
S

 lyr! n

The criterion of this measurement is that if the calculated net present

value is positive, investment in this industry would be profitable.

Given the production cost, the level of production and the discount

rate, it is possible to calculate the break-even price by using the present'

value formula. The break-even price is the minimum price resulting a zero

net present value. By assuming NPV ~ 0, equation �! can be rewritten as

n n C nq p llll+r c + g e + < 1111r s
r i~ 1 �+r! a r �+r! n

  1+r! n SC + ~ + C ~P a Eo i~i i~ 1 a t �+r!"
n Q

�!



The criterion of thia meaaureeent ie that if the expected farm price
ie higher than the calculated minimum price, inveetment in thia <nduetry
~ould be profitable.
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III. THE COST OF JUVENILE PRAWNS

There are two major steps involved in prawn production on a commercial

scale:  l! producing juvenile prawns  eggs to etockable size! in a hatchery

and �! rearing etockable juvenile prawns in ponds to market- ~ ice. Prawn

farmers have to either produce juvenile prawns froca their own hatchery or

buy it fry a comearcfally operated hatchery.

The purpose of this section ia to estimate how much it will cost the

farmers to produce  or to pay for! juvenile prawns. The production of juve-

nile prawns involves the construction of tanks, a laboratory, and purchasing

various kinds of equipment. There are also annual costs to operate the

hatchery. By giving all of these costs and production levels, the mlnfmum

price of juvenile prawns can be calculated by using equation �! .

t on of oat

n t al ca t ost. The initial capital cost here refer ~ to the

construction costs of plankton culture tanks, larval rearing tanks, wells 3

and laboratory-hatchery building  includfng an office, laboratory, workshop,

~ garage and hatchery! aa shown fn Table l, The full amount of these expenses

is treated as the fnitial cost as of time 0. Since the full amount hae

already been counted, any allowance for annual depreciation and any charge

for annual interest would be double counting,

E uf nt costs. Hatchery equipment include various kinds of pumps,

3 If domestic water fs not available at the location wells are necessary
to provide potable water.  This is in addition to the salt ~ster well.!



CostItems

$112,000

Ie,000

$164,000

169,000

TABLE 1

ESTIMATED INITIAL CAPITAL COSTS
OP HA'%HERY PACILITIES

Laboratory - hatchery building
�1,200 sq. ft. at $10 per sq. ft.!

6 plankton culture tanks
�8' dia. x 8' depth, �,000 gal. capacity!

16 larval rearing tanks
� ' wide x 30' long x 3 ' deep!

Wa t e r t ran smi as ion s ye tee

Salt water wel1

Freshwater well

Total -- without freshwater welk

with freshwater ~ll

24,000

S,OOO

5,000

5,000
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4freeser, laboratory equipment, toole, trucks, etc., as shown in Table 2.

The useful life of all of these equipment is estimated at about 10 years,

except the truck, which haa a useful life of g years, At the lith year

 every five Years for the truck!, ne~ equipment have to be purchased, at a

higher cost, to replace the old onme if the operation is to last for 20 years.

Annual roduction- At present, the annual production of such a hatchery

is estimated to be 16 million juvenile prawns after a 50 percent mortality

rate which has been the current experience. Observations made during the

experiments suggest that four important factors affect the mortality rate

of Juveniles: �! The water temperature--the larvae must have a certain

temperature range for survival. Ideal temperature is 84 degrees F, with a

range from 77 to 87 degrees. One degree beyond that range in either direc-

tion will result in mortalities. �! The salinity of the water--this species

of prawns is basically a fresh wmtmr creature. However, the larvae require

brackish water ranging in salinity from 6 to 21 parts per thousand  the

salinity reccimsended for rearing larvae in a hatchery ie 17 o/oo!. �! The

amount of food-Mecompoaition of mxcmss food causes water pollution and

increases the mortality rate. �! Tha amount of shade--overexposure to direct

sunlight causes the larvae to eat lees than usual and slows down growth.

With more experience and improved techniques, the mortality rate may be

lowered to 40 percent with an annual production of 19.2 million ]uvenj,le

prawns.

Another possible improvement in prod"ction is to reduce the length of

the production cycle. At the prmment ~ 10 production cycles a year are

4 Such as saline meter, pg meter. water testing equipment, etc.
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possible. Each cycle lasts for about 35 days. With the proper af3gount and

kind of food and the proper ~ster temperature the growth rate will be increased

and the juveniles may reach stockable size ~ithin 30 days. In this case,

12 production cycles yielding annual production of l9.2 million juvenile

prawns are possible. If both mortality and length of production cycle can

be reduced, the annual production would be about 23.0 million. In thi.s study

the production level of l6, 19.2 and 23.0 million are used,

Annual o erati costs. Labor is the highest operating cost followed

by electricity, food, water, maintenance and repair. Labor cost is estimated

at 3,993 man hours annually at $4 per hour plus a manager's salary of about

5$20,000 annually. The cost of electricity for equipment used in rearing

larval prawn is calculated by multiplying the operating time  hours! by the

horsepower and the rate paid �.834 per kilowatt-hour!. The cost of water

is estimated on 50 percent potable water and 50 percent salt water, and at
6

33f par 1,000 gallons of potable «ater Pla.nkton  natural culture!, ~ate ta

n~ulii, and prepared fish flesh  skipjack tuna! are the food items used for

larval rearing, Food costs about $0.54 per thousand poet-larvae. The

hatchery site should be close to the beach ~here salt water is available.

Lease rent is estimated about $100 per acre per year. Host of these costs

are estimated based on the results of the actual operation of the hatchery

owned by the state.

5h hatchery can be either an independent operation selling of juvenile
prawns only, or a combined hstcheryfarm operation. In the case of a cibined
hatchery-farm operation, one capable manager can take care of both of these
functions. There is a savings by sharing the manager s salary between hatchery
and farm.

6The cost of salt ~ster is the cost of electrici.ty for the pump.
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ThSLE 3

ESTINATRD hNNUhL OPRRhT7NQ Cp$T$ pF HhTt.11gRy

16.0 23.019.2

$35,974

8,640

$35 ~ 974

11,730

$35,974

9,792

Labor

Food

5,2904,4163,680

180180 180Using well water

17,480

19,550Using well water

1,000

3,000

505050

5,0005,000

Total

79,524

76,484

73,824

71,316

69,504

67,444

Using domestic water

Using well water

Mater
Using domestic water

Electricity

Using domestic water

Naintenance and repair

Fuel or electricity for heating

Rental  one-half acre!

Niscellaneoua  insurance, license
permits' office supplies, etc.!

12,160

13,600

1,000

3,000

Production Level
in Nillions of Juveniles

14, 592

16,320

1,000

F 000
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Discount rate. The choice of a proper discount rate is subject to

considerable debate. The appropriate rate of discount is the rate of return

that might reasonably be expected in an alternate investment as mentioned

earlier. If explicit allowance for risk and uncertainty ia made in the

estimates of cost and revenue, the rate of return in a riskless investment

can be used for discounting. This rate is estimated to be in the 5-6 percent

range. If specific allowance for risk and uncertainty is not made in the

cost and revenue estimates, an average allowance can be incorporated in the

base discount rate. Thi.s rate is estimated in the 8-10 percent range. The

risk and uncertainty of investment in prawn farming is assumed to be higher

at present than in othe» well developed industries. In this study, a 6 -14

percent range is used to test the sensitivity of the calculation.

to be about 20 years. However, the loss of value of these facilities due to

changes in farming technology is far less predictable than their physical

life. In thi ~ study we consider only the physical depreciation. It is

assumed that. there is no salvage value at the end of the physical life.

The Results of Calculation

The estimated costs and production in Tables 1 - 3 were substituted

into equation �! . The calcuations were done for two sources of water sup-

ply: domestic water and well water; three levels of production: 16, 19.2,

and 23.0 million of juvenile prawns; and five levels of discount rate: 6,

10, 12, 14. The results are sumaarised in Tables 4 and 5 and Pigure 1,

The choice of varying discount rates makes a difference in the

calculation. The higher the rate of discount used, the higher the minimum
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TABLK 4

Discount Rate

P rod uc t i on Leve 1 IO'X 1 2'X

a Per thousand .

TASLK 5

Discount Rate

Production Level

16. 0 million

4.93 5.084.7819 2 4.64

4.34 4.674.2223.0 4.10

a Per thousand.

16.0 million

19.2

23.0

ESTIMATED MINIMUM PRICK OF JUVENILE PRAWNS
USING DOMESTIC WATER

$5,42 $5.58 $5. 76 $5. 94

4. 74 4.88 5. 02 5. 17

4.21 4.32 4.44 4.56

KSTIHATED MINIMUM PRICK OF JUVENILE PRAWNS
USING WELL WATER

$5.33 $5.49 $5.67 $5.86
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Hinimum price
of j«veni le pravn

per thousand

S

e.o

5.0

4.0

FIGURE 1

RELATIONSHIP AHONG HINIHUH
PRODUCTION LEVEL

PRICE OF JUVENILE PRAVH
AND DISCOUNT RATE
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price resulted. The minimum price of !uvenile pravns ranged fran $4.2l to

$6.12 per thousand for domestic vater and $4.10 to $6.05 for vali vater

betveen the discount rate of 6-14 percent, The minimum price is Lover by

using veil vater instead of domestic mater. Hovever, this difference ia

rather small, less than $0.10 per thousand. The level of production makes

s significant difference in the results of the calculation. The difference

in calculated minimum price is over $1,20 per thousand of !uvenile pravna

betveen the production levels of 16 and 23.0 million.
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IV. NEASUREKKNT OF THE ECONOMIC WORTH OF
INVESTMENT IN PRAWN FARHINC

In this section we appraise the economic wor .h of investment in prawn

farming by calculating the net present value and the minimum price of prawns

under various cost and production conditions,

Enumeration of Cost and Produ tion

Initial ca ital cost. Initial capital cost here refers to the construc-

tion costs of fish ponds, wells, workshed and storage as shown in Table 6.

The full amount of these expenses is again treated as the initial cost as of

time 0. There is no allowance for annual depreciati.on and no charge for

interest .

The present harvesting techniques require the pond sise to be about 110

feet wide and about 400 feet long with bottom sloped from 2.5 to 4.5 feet deep.

The construction cost varies with the aslope, type of soil and the amount of

clearing work  trees, cover grass, etc.! . On t.he average, it is estimated

that the cost of construction is in the range of $3,000-$3,500 per acre

 including engineering design, access road and drainage system!,

The number of wells needed is based on the volume of water required.

It is estimated that about 36.5 million gallons of water are required per

acre per year. It is also estimated that a well with a pump of 700 gpm

 gallons per minute! with 10 hp. can supply 10 acres and s pump of 1,500 gpm

with 20 hp. can supply about 25 acres.

E ui ent costs. Equipment on the farm level include pumps, net, truck,

All of the cost of equipment for the different farm sixes are estimated
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TABLE 6

ESTIMATED IHITIAL CAPITAL COST OP PISH PONDS AND PACILITIKS

Mell

$ 35,000 $ 5,000 � veil $1,000 $ 41,000
8" dia., 110' deep!

10

4,000 199.000175,00050

300, 000100
5, 000 345, 000

6,000 516,000450,000150

+ Conetruction coat ia eatiaated about $3,500 per acre for 10-acre fare
and $3,000 for the reat of the fere aiae, including engineering deaign, acceaa
road and drainage ayatea.

Total
Acreage

Conatruction

Coat /
of Ponda�

20,000 � valla
12" dia., 150' deep!

40,000 � belli
12" dia,, 150'deep!

60,000 � +ella
12" die., 150 ' deep!

Morkshed-

Storage
Rourke Total
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tant operating costa as shown in Table 7. It is estimated that one man can

take care of 10 acres. However, in large scale operations, the efficiency

of labor is expected to increase and one man is assumed to take care of more

than 10 acres. Labor cost is estimated at 40 hours per man per week at $4

per hour.

The estimation of the cost of feed  Cf! is based on the levels of pro-

duction  Y!, the conversion ratio of feed to prawn  R! and the price of feed

 Pf! as follows:

�!Cf ~ Y R ~ Pf

Two levels of production are used: 3,000 lbs. per acre and 4,000 lbs, per

acre. The average conversion ratio of feed to prawn is estimated about 3.3:1,

The estimated price of feed ranges from 6W cents per pound depending on

vol<me purchased.

The estimation of the cost of electricity  Ce! is based on the volume of

water required per acre  G!, the number of hours operated  T!, the horsepower

of the pump  8! and the rate of electricity per kilowatt-hour  P ! .e

C ~ G-T-H ~ P
e e

�!

T ~ � + 60G
gpm

and listed in hppendix Tables 1 -4. The number of pumps required corresponds

to the number of wells. The capacity of pumps is based on the volume of water

required. New equipment will have to be purchased to replace the old ones if

the operation is to last for 20 years.
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where

gpm  gallons per minute! is the capacity of pumps.

land.

Three kinds of taxes are involved: �! gross income tax  G.I.T,!, �!
property tax  P.T.! and �! corporate tax  C.T.! or individual income tax.
They are estimated ae follows:

G.I.T. ~  Gross Income! 0.5X
 9!

where

0.5X ~ gross income tax rate

P.T, on land ~   $25.6 + 6X! 70Xj 1.92X
�0!

where

$25.6 ~ annual rent of land

6X ~ percentage used to capitalize the market value of land by
the State Taxation office

It is estimated that about 36.5 million gallons of water are required per

acre per year. The rate for electricity is about 3.83 cents per kilowatt-

hour. This rate varies by islands end by amount used.

The cost of juveniles is obtained from Table 5. It is assumed that prawn

farms have to buy juvenile prawns from coamercially operated hatcheries at

a price 30 percent higher than the calculated minimum price. It is estimated

about 70,000 juvenile prawns are needed per acre per year.

Land is very expensive in Hawaii. The value of agricultural land ranges

from $4,000 to $25,000 per acre. It is assumed in this study that land is

leased from the state. The lease of state agricultural land is about $25.6

per acre per year. h one-acre pond with access road requires 1.25 acres of



707, Percentage of assessment value to market value

1.92 proPeity tax rate on Oahu. lt is 1.50'. or> Kauai

and Maui and 1.79K on Hawaii

p. T. on improvements ~  Replacement cost of improvements

Depreciation! + property tsx rate

 same with that of lard property tax! �1!

C.T. Net annual income x 50X �2!

where

50K ~ approximate corporate income tax rate

again about 50 percent. Observations made during the experiments suggest
7

that si x important factors af feet the mortality rate of prawns: �! amount

of shade and shelter available to the prawns, �! amount of predation by

dragonfly nymphs and birds, �! temperature of water, �! food supply. �!

stocking density, and �! disease. With more experience and research, the

mortality rate may be reduced and an annual production of 4,000 pounds per

acre may be possible.

7 por detail see Fu]fmura, o~. cit.

The estimated taxes are sumaarized in Appendix Table 5.

Annual roduction and revenue. In demonstration ponds, Juvenile prawns

have been reared to marketable sizes in s period of seven months. Under a

cycling system, 3,000 pounds of marketable prawns per acre per year have been

attained. The mortality rate of prawns during the pond rearing period i ~
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Annual revenue ii estimated by multiplying the total amount of production

by the farm price of prawns. The farm price of live prawns from demonstration

ponds is about 03.00 per pound. The price of prawns is expected to drop aa i

result of large scale production. The wholesale price of imported frozen

prawne ia about 42.00 per pound with heads-on and the import price of shrimp

of comparable siae is about $2.40 per pound with heads-off, which ie equiva-

lent to about $1.20 per pound with heads-on. In this study, figures of $1.20,

51.60 and 02.00 per pound with heads-on are used.

Again, a 6-14 percent discount rite is used to test the sensitivity of

tha calculation. The normal physical life of the ponds and wells is also

eatiss.ted to ba about 20 years. It is assumed that there is no salvage value

at the end of the physical life.

e u i of

~ n v ue. The estimated coats and revenues are substituted in

equation �!. The calculationa were dona for three levels of price: $1.20,

$1.60 and $2.00 per pound in live weight: two levels of annual production:

3,000 pounds and 4,000 pounds per acre; five levels of discount rate; and

four farm eiees. 10-acre, 50-acre, 100-acre and 150-acre. The results are

a~riaed in Tables S - ll and Figures 2 - 5.

The levels of price sake a significant difference in the calculation.

calculated nat preaent values are negative it the price levels of $1.20

end 	,60 per pound for a 10-acre farm. and at the price level of $1.20 per

pound fot a 50-acre farm at the present level of production. The net present

va]uas are all positive for «00 « l50-acre farm at all price levels.
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Level of
Pradvctioa

Per Acre

Discount Rate
Price
Level 6l,

 Ibe.!  $1,000!

-1041133,000

4,000

$l. 20 -136 -123

- 32 - 35- 34 36- 30

- 14 - 18 21$1.60 93,000

4,000 62 25

$2.00 32 23 15593,000

4,000 158 129 106 87

TASLE 8

ESTINATED NET PRESENT VALUE OF INVES'DQÃl' IN A 10-ACRE
PEAHEN PARN UNDER SELECTED CONDITIONS
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TABLE 9

ESTIMATED NET PRESENT VALUE OP IHVESTNENT IN h 50"hCRE
PRhMN FARM UNDER SELECTED CONDITIONS

Diacount Rate
Price

Level 1446X

 $1,000! lb@.!

- 81- 45$1. 20 - 65

4982123

163 120362 280$1.60 215

313379695 565 462

386469705 572 318$2.00

978 8201, 178 591

Level of
Pr oduc t 5.on

Per here

3,000

4,000

3,000

4,000

3,000

4,000

13 - 19

339 174
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TABLE lP

EST&%TED NET PRESENT VALUE OP INVEgggrNT IN A IPP-ACRE
PRAWN PARK UNDER SELECTED CONDITIONS

Discount Rate

BX 141

 Ib@.!  $1,000!

238 154 1882 27$1.20

399 312809 639

369725 580 464$1. 60 909

1,734 1,431 1,192 1,001

$2. 00

Price
Level

Level of
Production

Per Acre

3,000

4,000

3,000

4,000

3,000

4,000

1,607

2,638

1, 323

2,205

1,098

1,863

919 773

1,590 1,368
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TABLE 11

ESTIMATED NET PRESENT VALUE OF INVESTMENT IN A 150-ACRE
PRAMN FARM UNDER SELECTED CONDITIONS

Discount rate
Price
Level 8X 147.121

 $1000! lb@.!

421$1.20 584 292 107190

641980 7931, 2131,509

$1.60 859 700

1,647 1,399

$2.00

Level of
Production

Per Acre

3,000

4,000

3,000

4,000

3,000

4, 000

1,610

2,821

2,637

4, 179

1,300

2,336

2, 179

3,499

1,055

2,053

1,817

2,961

1.528 1,293

2,531 2, 183
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Net preeent
value

acre

r acre

200

100 ~ couat
rate

0

-100

FIGURE 2

REIATIONSHIP AMONG NET PRESET' VhIUE, PRODUCTION LEVEL
AND DISCOUNT RATE FOR h 10-ACRE FARM
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1,200

1,000

600

.00

400

.60
200

-200

FIGURE 3

Net preaent
value

 $1, 000!

REIATIONSHIP AHONG NET PRESENT VALUE, PRODUCTION LEVEL
AND DISCOUNT RATE FOR A 50-ACRE FAM

r acre

r acre

iacouat
rate

.,20
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Net present
value

 $1,000!

3,000 ~ ere

acre

2,500

2,000

1,500

1,000

eo

500 . 20
recount
rate

FIGURE 4

RELATIONSHIP ANONG NET PRESENT VALUE, PRODUCTION LEVEL
AND DISCOUNT RATE FOR h 100-ACRE FAM
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Net preaeat
value

 $1,000!

5, 000 er acre

er acre

4,000

3,000

2,000 00

.601,000 ,20
iacount

rate

FIGURE 5

REIATIONSHIP ANONG NET PRESENT VALUE, PRg!gCTION
AgP PySCPggT RATE FOR A lSG-ACRE FA~
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The higher the discount rate used, the lower the net present value result,

The levels of production also make a significant dif ference in the calcula-

tion. A higher level of production results in a higher net present value.

Tbe large scale operation is more profitable than a small scale.

Ninimum rice of rawns. The estimated costs and production are substi-

tuted in equation �!, The calculationa were done for two levels of produc-

tion: 3,000 and 4,000 pounds of prawn per acre; four farm sizes: 10. 50, 100

and 150 acres; and five levels of discount rate. The results are summarized

in Table 12 and Figure 6 .

The higher level of production and larger farm size reduce the minimum

price significantly. The break-even price of prawn is about $1.81 per pound

for a 10-acre farm compared with $1.13 per pound for a 150-acre farm at a

discount rate of 10 percent at the production rate of 3,000 pounds per acre.

When production increases from 3,000 to 4,000 pounds per acre, the break-even

price of prawn will reduce to $1.44 and $0.93 per pound respectively for 10-

acre and 150-acre farms at the same discount rate. The discount rate does

not make a significant difference in the calculation. The difference in the

calculated minimum price is less than 9 cents per pound between the 6 and 14

percent discount rate used.

The results of the calculation suggest that in order to increase the net

present value or to reduce the minim~ price of prawn, the level of production

should be increased by reducing the mortality rate.
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TABLE 12

ESTIMATED HINIHUN  BREAK-EVEN! PRICE OF PRAWN BY
FARM SIZE, LEVEL OF PRODUCTION AND DISCOUNT RATE

Discount Rate

12T.87. 107. 14'X
Fare Sise

 dollars per lb.! lbs.!

10-ac re

50-acre

100-acre

Level of
Production

Per Acre

3,000

i,ooo

3,000

4, 000

3,000

4,000

3,000
150-acre

4, 000

1.76 1.78 1.81 1.83 1.86

1.41 1.43 1.44 1.46 1.48

1. 39 l. 41 l. 43 1. 45 1. 48

1. 10 1. 12 l. 1.3 1. 15 1. 17

117 1.19 121 123 125

.96 .97 .98 1.00 1.01

1.09 1.. 11 1. 13 1. 15 1. 17

.90 .91 . 93 . 94 .96
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Mini mum
price of

prawn r acre
r acre

2,0

0-acre

1.5 0-acre

00-acre
50-acre

Discount
rate

PIGURE 6

RELATIOHSHIP AHOHG HIHIHUH PRICK OP PRAQH, PRODUCTIOH LEVEf,,
FARH SIZE AHD DISCOUNT RATE
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V. PROSPECTS OF THE PRAWN INDUSTRY IN HAWAII

The calculations in the previous section indicate that prawn farming

in Havaii would be profitable for a farm size of 50-150 acres at the farm

price of $1.60-2.00 per pound. However, the prospects of this industry

depend on the market demand of prawns.

It is estimated that over 2.2 million pounds  live weight equivalent!
8of shrimp and prawns were consumed i.n Ha~aii in 1971. It is also estimated

that over' one million pounds of rav shrimp and prawns  live weight equiva-

lent! vere imported from foreign countries and the rest imported from the U.S.

mainland. The wholesale price of raw pravns from foreign countries i.s about

$2.00 per pound with heads-on which is equi. valent to about $4.00 per pound

vith heads-off. Since locally produced prsvns are of better quality  fresh!,

they should be able to compete vith those imports at comparable prices. How-

ever, vhen compared with the import price of shrimp of comparable size �0-15

count! which is in the range of $2.30-2.50 per pound with heads-off, prawns

are a luxury food item and would be purchased mainly by restaurants and hotels.

lt is estimated that the local demand for prawns at the price range of $1,60-

2.00 per pound in live weight would not be over one-fourth of the total shrimp

consumption which is about half a million pounds. It requi.res less than 170

or 125 acres with an annual production of 3,000 or 4,000 pounds per acre

respectively. If the price of prawns is about the same with that of shrimp

8
Esti.mated by using the national per capita consumption data which vas

about 2.8 pounds in round weight in 1970.
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of comparable size ~ which is equivalent to about $1.20 per pound in live

weight, the local consumption may be over 0.5 million pounds under an ade-

quate market promotion program,

There is a potential. market for prawns on the U. S. mainland. The income

elasticity of demand for shrimp in the United States is about 1,70. Due to

the rapid increase in income and population, total consumption climbed frtxs

approximately 400 million pounds in 1961 to about 700 million pounds  round

weight! in 1971. It is pro jected that total consumption wil! reach 1,000

mi I lion pounds by L980. Over 50 percent of the U. S. supply is imported.9

Imports to the U. S. decreased sharply since 1971 due mainly to the fact that

Japan has been aggressively buying shrimp in the world market to sati ~ fy its

growing demand. In order for Havaii to share in the mainland market, the

following necessary conditions must be met by the local prawn industry.

P<+C < P or

�3!
P P - C

where

P< ~ local farm price of prawns

C ~ marketing, and transportation costs from Hawaii to the mainland

P> West Coast farm price on ex.vessel price of shrimp of comparable

size

The average ex-vessel price of shrimp of 10-15 count, which is comparable

to prawns, on the U.S. mainland is estimated about $1.50 per pound with

9Basi Economic Indicators: Shrim ~ Division of Econasic Research,
Sureau of Cosssercial Fisheries, 1970,
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hesds-off between 1969 and 1971, The transportation cost of frozen prawns
10

from Hawaii to the West Coast alone is about five cents per pound, There-

fore, in order to compete with mainland produced shrimp of comparable size,

the farm price of locally produced prawns should be less than $0.70 per

llpound with heads-on. When compared wi.th minimum prices calculated in the

previous section, it appears unlikely locally produced prawns can be exported

to mainland markets unless production costs are reduced significantly.

Besides domestic markets, there is also a potential market for prawns

in Japan. The wholesale price of 16-20 count imported frozen shrimp st

Tokyo i.ncreased from $1.78 per pound in 1970 to about $2,50 per pound  heads-

off! in 1971. The freight cost of frozen prawns from Hawaii to Japan is12

about 5.3 cents per pound. If the price of shrimp maintains its increasing

trend there in the future, and if the production cost can be reduced, it may

be possible to ship locally produced prawns to Japan.

The market potential of prawns in the local and outside markets mentioned

above was estimated under the assumption that fresh vster pravns are closely

competitive vith shrimp of comparable size. However, these two products are

not strictly comparable. The taste test indicated, as mentioned earlier,

10Matson Navigation Company, Honolulu, Hawaii.

11One may argue that wholesale price, rather than ex-vessel price, on
the mainland should be compared. The wholesale price of shrimp of 10-15
count on the mainland is estimated about $1.10 per pound in live weight. At
the present level of production it is still unlikely that locally produced
prawns can compete with shrimp of compareble size at the mainland markets,
However, if production of 4,000 per acre per year can be achieved, the cost
of production would be reduced and there is a good chance for the large scale
farms to export their prawns to the mainland markets.

12 Shellf ish Situation snd Outlook Annual Review, 1971. National Narine
pisheries Service, U. S, Department of Cossserce.



that freshwate r prawns are more dele cta le than salt water shrimp and may
cotmoand a higher Price. The market potential f o prawns in the local as vol.L

as outside markets should be investigatedga e more closely in the future.

The world suPPly and demand for shrimP aPpear to hold some promi.se for

prawn farming in the future - Shrimp prices on all levels have bean increas-

ing during, the past few years in the United States as well as in the world

market. Nuch of the rise relates to increased demand and relatively stable

supply. The shrimp populat ion in the world 's fishing grounds is relatively

fixed. Though one female shrimp lays up to a million eggs, only about 0.5

perce~t survive predators and other hasards to become adult shrimp. Kn

addition, the world shrimp resource is comaon property in nature. Wi.th demand

for shrimp outpacing supply and boosting price, more and more fishing boats

are competing for the available supply, This wiLL eventually lead to over-

fishing and reduce the shrimp stock. Preliminary reports indicate that the

L3
world catch of shrimp may have been off somewhat since 1970. ALL of theme

factors are favorable to prawn farming.

Ibid.
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VI, SUHMARY AND COCCI.USlONS

Two major steps are involved in prawn production on a commercial scale:

�! producing juvenile prawns  eggs to stockable sire! in a hatchery and

�! rearing stockable juvenile prawns in ponds to market size.

Juvenile prawns are ao important input to the industry. The costs of

producing juvenile prawns are estimated and the break-even price of juvenile

prawns i s calculated. The calculation is done by using the present value

formula under various conditions. The level of production is the only vari-

able that makes a significant difference in the results of the calculation.

The calculated break-even price of juvenile prawns ranges from $5.33 -6.12 per

thousand based on an annual production of 16 million and from $4. 10-4.69 on

an annual production of 23 million. Production could be increased by reduc-

ing the mortality rate and the length elf the production cycle.

The economic worth of investment in prawn farming is also measured by

the present value method. The net present value and Che break-even price of

prawn farming are calculated. The criteria are that �! if the calculated net

present value is positive, investment in prawn farming would be profitable,

and �! if the calculated break-even price is lower than the expected farm

price of prawn, investment in prawn farming would also be profitable. The

calculations are done by two levels of production: 3,000 and 4,000 pounds

per acre per year,' four sizes of farm: 10-acre, 50-acre, 100-acre, 150-acre;

five levels of discount rate: 6, 8, 10, 12, 14; and three levels of farm

price  present value calculations only!: $1.20, $1.60, $2.00 per pound.

Except for the 10-acre farm at the price of $1..20 and $2.00 per pound and
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the 50 and 100-ecre farms et $1.20 per pound, the calculated net present

values are ell positive. The calculated break-even price of prawn varies

with the farm size and the discount rate used. It is in the range of $1.09-

1.86 per pound when the annual production is 3,000 pounds per acre, and in

the range of $0.90-1,48 per pound if the annual production i.s 4,000 pounds

per acre. As one would expect from the cost data, there are economies of

scale. The large scale operation is more profitable than the small ones.

The minimum price of prawns for e 150-acre farm is about 50 percent lower

than those for a 10-acre farm.

The prospects of this industry depend on the market potential of prawns.

It is estimated that the local market potential is less than half e million

pounds at the price range of $1.60-2.00 per pound with heeds-on. It requires

less than 170 or 125 acres with an annual production of 3,000 or 4,000 pounds

per acre respectively. If the price of prawns is about the same with that

of shrimp of comparable size, which is equivalent to about $1.20 per pound

in live weight, the local consumption mey be over 0.5 million pounds under an

adequate market promotion program.

There is e potential market on the U.S. mainland and in Japan. However,

it is unlikely that locally produced prawns can compete with shrimp of com-

parable size in those markets at the present unless product ion cost is reduced

and/or the price of shrimp is still increasing there. With demand for shrimp

outpacing supply, shrimp prices have been increasing rapidly during the past

few years in the United States as well as in the world markets. This appears

to hold some promise for prawn farming in the future.

Since there are no commercially operated prawn farms in existence here,

most of the data used in this study are based on preliminary estimates. The
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estimates of the production costs of Juvenile prawns are based largely on

the actual data of the hatchery o~ned by the state, while the estimates of

prawn farming are based on several sources. The former estimates are

considered more reliable than the latter.

The value of agricultural land ranges from $4,000 to $25,000 an acre.

It is assumed in this study that land is leased from the state. The rent

of state agricultural land is relatively low, about $25.6 per acre per year.

Such an assumption would bias the estimation on the high side  on the low

~ ide for break-even price estimates! in the case of land purchased or leased

from other sources.

Preshwater prawn is a new product. Little information is available at

the present concerning the price and demand for prawns. It is assumed in

this study that prawns are closely competitive with shrimp of comparable

~ ize, However, these two products are not strictly comparable. The taste

test indicated that frozen freshwater prawns were more delectable than

frozen salt water shrimp, and may cosssand a higher price. The market

potential of prawn in the local aa well as outside markets should be inves-

tigated closely in the future.

The farming method described in this study is a labor intens ive operation.

Harvesting and feeding are all done manually. The cost of production would

be reduced significantly if the farm could be mechanized and if a better and

cheaper coiercial feed could be developed. Since labor and feed are the

most important cost items further research to cut these costs seems necessary.

pish farming generally requires a higher level of management than conven-

tional agriculture in the sense that the technology as yet lies mainly in the
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realm of art rather than science, For any individual ar f inn embarking on

a commerc isl prawn rest ing venture, it is essential that the operation be

headed by or closely advtsed and supervised by a person specifically trained

in the culture of prawns. At present, only a few persons have this competence

within the state. Traini.ng of management personnel seems necessary before a

commercial prawn industry is started.
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APPENDIX TABLES
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1 Pump
�00 gmp

10 hp.! Fence Truck TotalKiecel.NetYear

3, 0002, 000 1,000 6,945345 600

345

3,6003, 000 600

345

345

7,3003,0001,2002,500

12

34513

14

15

3 ~ 9456003,00034516

18

19

20

APPENDIX TABLE

ESTBlATED EgUIPNENT COSTS FOR 10-ACRE PARH
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Nisce l.TruckNet TotalYear

4,000 19,3251,725 3,000 2,0008,600

1,725 1,725

3,000 2,000

1,725

10 1,725

4,50010,000 3,GOG 2,000

12

13 1,725 1,725

14

15

16 1,725 3,000 2,000 6,725

17

18

19

20

APPENDIX TABLE 2

ESTIMATED EQUIPNKNT COSTS FOR 50-ACRE FARN

2 Puepa
�500 gmp
20 hp.! Fence

5,GOO

1,725

1,725

19,500
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APPENDIX TABLE 3

ESTIMATED EQUIPMENT COSTS FOR 100-ACRE FARH

Ni see I. TotalNet

3,000 36,80017,200 8,000 2,600 6,000

2,6002,600

3,000e,ooo

2,600

2,60010

3,0006,0009,00020,000

12

2,6002,60013

14

15

3,000 11,6006,0002,60016

18

19

4 Pueps
�500 gmp

20 hp.! Fence
2

Trucks

9,000

2,600

2,600

38,000
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APPENDIX TABLE 4

ESTIHATED EQUIPNENT COSTS FOR 150-ACRE FAPA

TotalMisce l.NetFenceYear

49,2504,0006, 0003,45025,800 10,000

3,4503,450

4, 0006, 000

3,450

3,45010

4,00011,000 6, 00030,000

12

3,450 3,45013

14

15

3,450 6,000 4,000 13,450

ls

19

20

6 Pumpe
�500 Emp

20 hp.!

2

Trucke

10,000

3,450

3,450

51,000
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