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Abstract.

Roberts, Kenneth J. and Larry L. Bauer.
Costs and Ret.urns for Hacrobrachium
Grow-Out in South Carolina,

The costs and returns for r.he grow-
out phase of producing Nacrobrachium
were estimated for South Carolina. The
technical coefficients and yields were
based on research results from experi-
mental ponds. Estimates weze made on
a per pond basis assuming a module of
ten ponds each being 0. 41 ha � acre!
in size.

Items of r.ost included feed, elec-
tricity, labor, fertilizer, repair and
mainr.enance, interest on operating capi-
tal and on pond investment. and depre-
ciation. Total costs were estimated
to be $984.14 per pond, 72 percent of
which are variable in nature, and 28
percent are fixed. Feed made up 42
percent of the estimated total, labor
comprised 16.5 percent, and deprecia-
tion amounted to almost 16 percent of
the total. Based on 1976 yield data,
net revenue per pond was -$62.16, The
1977 data resulted in an estimated nei.
return of $312.74 per pond. The diffe-
rence between the two years is the
result of better feed conversion and
improved size distribution in 1977.

Introduction

The climate of coastal South Carolina
provides suitable conditions for the pro-
fitable growth of many agricultural crops,
In 1972, the South Carolina Sea Crant
Program initiated a small project to ex.�
plore the teel.nical feasibility of
Hacrobrachium culture in this temperate
zone, The support focused on extensive
grow-out. A parallel project funded by
the Coastal Plains Regional Commission
sought to develop the technology for
efficient production of postlarvae via
an indoor recirculating seawater system
and high density rearing ot juvenile
prawns in a nursery system  Sea Grant,
1977!. The development of the system
has progressed to the point where four
distinct phases are identifiable  Sandifer
et al., 1976!: �! a late winter/early
spring indoor hatchery phase y1elding
postlarvae; �! a similar period of high
density rearing of juveniles in a nursery
phase; �! a mid-spring through mid-fall
pond production phase to produce market-
able prawns; �! maintenance of brood
stock to provide postlarvae for the next.
growing season.

v1ewed from inception as an alternative crop
opportunir.y for food producers currently
growing agricultural crop~, catfish and/or
eels, As such it must meet profitability arid
risk competit.ion of other crops witliin an
agriculturist 's enterprise alternatives. The.
establishment of a prawn culture inrlustry
distinr t from conventional food prorluctiun
svstems in coastal South Carolina is riot en-
visioned  Sea Grant, 1978!. Consequently, tire
monitoring of the pond grow � out operation was
conducted within Lhe framework of a financial
budget, Financial budgets exist. for alterna-
Live crop upLions in South Carolina. A com-
parison of the pond grow-out. plrase with exist-
ing alternatives is thereby facilitated.

I.n addition, an economic snapshot of i.he
pond grow � out phase wss necessary prior to
expending resources t.o determine. the feasi-
bility of hatchery and nursery phases. The
conc.lusions drawn from i.he financial budget
point to a near break even situation. Addi-
tional effort is zcr~uired to determine the
r.onditions neccssarv for cost effective delivery
of stocking animals. Tlie financial budget
was prepared for a product module of ten
pond of 0,41 ha � acre! each, The assump-
tion made and r.echnical coefficients used are
based on observations and experience obtained
Irl the management of ponds in coastal South
Carolina. The production data is based on
1976 and 1977 yields from the ponds.

Technical Coefficients and Assumptions

The r.echnical coefficients and assumptions
identified in the. appendix are the foundation
of this analysis. Although some of these are
briefly discussed in the narrative their uripin
and detail are reserved for the appendix. Costs
of production are based on fall. 1977 prices.
Prices for use 1n calculating total revenue
are based on a three year average �975-1977!
ex-vessel price for marine shrimp in South
Carolina

Variable Co. ts

Variable costs are those that vary with
the amount of output, produced. The variable
costs for a 0.41 ha pond are presented in
Table 1. The assumed yield of 500 kg gross
weight per pond, or 255 kg of tail.s are
based on the 1976 pzoduc.tion trials.

Based on 1976 experimental dar.a, a feed
conversion rate of 2.5:1 was used. To produce
500 kg of biomass, 1250 kg of feed would be
necessary. The cost of feed was based on
an experimental marine ration. Delivered
cost 1n the fall of 1977 was $.33 per kg.
C,iven this base, the feed cost was estimated
to be $412.50 per pond.

In 1977 the program entered a grow-
out demonstration phase at Laurel Hill
Plantation in Beaufort, South Carolina
 Sea Grant, 1977!. The experiments in
the four ponds �.113 � 0.376 ha!
�.28 � 0,93 acres! provided the initial
opportunity to begin economic monitoring.
Prawn culture in South Carolina has been

The electricity needs were estimated to
be 442.4 kwhr for the initial filling of the
pond, 151,3 kwhr to replace, net of average
rainfall, the water lost by evaporation and
seepage, and a maximum of 236.2 kwhr for
aeration.

Discussions with power companies in the



coastal area of South Carolina indicate a
representat.ive rat.e of S.04 per kwhr, There-
fore, tire estimated total cost. of the 829,9
kwhr is $'33,20.

lhc lrumlr and assemblv fvr a l22 m deep well
was esLimutcd tv cosL $2,tr82. The assumed life is
12 years so the dcprec iat ion cost. spread over ten
ponds is 8 l/31 vr $27,50 per pond per year.

The labor needs are estimated on the
basis of a 180 day production period for t.he
ten pond operation. Stocking is estimated
to require two hours per pond. The checking
ot water quality, i.e., temperature ar>d dis-
solved oxygen, requires �.1 hour per day or
18 hours per pond for the season. Likewise,
feeding is estimated Lo require 0.1 hour
per day for each pond. The labor associaterl
with aeration and management is estimated
to require an average of 15 minutes per day
for all ten ponds, or 1,5 minutes per day
per pond. This amounts to 4.5 hours per
pond for the season. It is estimated that
the total labor need for pond and equipment
maintenance is 36 hours for ten ponds, or
3,6 hours per pond for the season.

It is assumed batcir harvesting is em-
ployed and that it requires eight hours per
pond, Labor cost for the total of 54. 1 hours
at $3 per hour is $162.30.

The equivalent of 45 kg of 10-10-10 fer-
tilizer is used in each pond at the cost of
$.15 per kg.

Repair and maintc.nance costs were esti-
mated to he $55 per pond while miscellaneous
costs were estimated to be $20 per pond.

These items total to $684.75 of operat-
ing costs. To estimate the average invest-
ment over the six month season, the total
is divided by two. At an annual interest
rate of 9%, the interest charge would bc
4.5% for the season. The charge for in-
terest on operating capital. ia therefore
$15,52.

The total variable costs per pond are
estimated to be $705.27 per pond, or $2.77
per kg of tail produced  Table 1.!. 'Aot in-
cluded is a cost for seed stock, postlarvae
or juveniles. The climatic situation in
South Carolina is such that the develop-
ment will result. into no more than a cottage
industry. As such, it likely will be depen-
dent on receiving seed stock from, fvr exam-
ple, a state-owned hatchery similar to the
present tree nurseries or trout and bass
hatcheries. Progress is being made toward
estimating the cost of a state-owned hatchery
and developing a pricing strat.egy for seed
stock.

The estimated fixed costs, those that
are incurred regardless of production, are
presented in Table 2.

Using the drainage system of harvesting,
a harvest basin and drain is needed for each
pond. This consists of an 0,20 m diameter
corrugated metal barrel with a 0.4 m dia-
meter flashboard riser, 2.1 m high riser and
12.2 m of 0.20 m pipe and with a 15.3 by 15.3
m drainage basin. This was estimated to cost
$530. Useful life is 12 years so depreciation
is 8 1/3% or $44.17 per year.

.15 m dis-
cost of

It was estirrated that about 24 m of
tributivn tripe would be necessary. At
$6.55 per meter the estimated total cost
mately Sl,fr00. With a useful life of 12
Lhc depreciation is 8 1/3% vr $13.33 per
year.

is approxi-
years,
pond per

h ~mall four roster boat wnrrl d cost approxi-
mately $330, With a»sefrrl life of ten years, t.lre
annual. delrr ec i a t i on is 10%, o r 1% for eac h of Lhc
ten ponrls. Beprer iat ion i or a boat. would t. lre re-
fore be $1.10 per pond per year,

A 1,600 po»nri capacitv PTO feeder and 10
short tons of storage would cosL S836 and $1,284
respectively. Each is assumed trr have a use-
ful lile of ]0 years, or depreciation of 10%
per year. Therefore, depreciation is 1%, or
$21,40 per pond per year.

The total cnst of instruments ncccssary for
testing water quality is cstimat.ed t.v be $510.
These instrument.s are est imated trr have a. use-
ful lifo of five years, so depreciation oi
21 per pond per year would be $10.20.

A seine, with an expected life vf five
years, cost.s $400, so depreciat.ion would he
$8 per pond per year.

IL is assumed an aerator woulrl be needed
for every two ponds, since it is unlikely t.haL
all ponds would have oxygen problems at the
same time, A floating aerator and necessary
power corri costs $350 and has an expected life
of five years. The depreciation per pond would
therefore be S35 per year.

The est inrat.e vf tire necessary ponrl invest-
ment. is baaed on a 10-pond module with each
pond having water surface dimensions of 122 nr
by 33.5 m or approximately 0,41 ha, The levees
have 3rl slope. The total land needed for
ponds, drainage, ditches, access, etc. was es-
timated t.o be 6,3 ha, lhe estimated total in-
vestment for pond construction and levee stabi-
lization is $1535 per pond. Using 8% repre-
sentative of returns from alternative invest-
ments, the annual fixed cost is $122.80 lrer pond,

Total Coat.s

The total costs per pond are S984.14. The
cost. per kg of t.aila produced in 1976 and the
percentage breakdvwn bv cvst item are presented
in Table 3. Variable costs comprise about 72
percent of total costs and fixed costs approxi-
mately 28 percent . The largest singl.e item
is feed, 42 percent of all costs, while labor
and fixed costs it.erne vf depreciation and
interest make up 16.5, 15.8 and 12.5 pert.ent,
reaper.tively.

Total Revenue

The ponds in South Carolina would likely

The estimated total fixed costs are $278.87
or $1.09 per kg of tails produced in 1976  Table 2!.
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Yield:

Feed cost:

$,3'3/kg

B. Ponds and levees

Summer and Conclusions

Levee Stabilization

he h,rrvest ed by <lr,iin1ng rather than seler.�
tive seining. Estimated production, based
vrr 1976 lrvnd lrrvductivn drta, is presented
in table 4, alorrg with perrentage break-
downs hy size r lasses of produc:tion and
value. Th» estimat.cd t.otal revenue from
255 kg of tails is $921.98.

Gross recei pts c-orrld be increased if
the size distribution were improved, This
would iiave a mare beneficial imlract: on
L otal reveriue titan would a yielcl increase
with the size riistrihrrt ion in Table 4.
Researc.h on inc.reasing size as well as
on selcctivc harvest.ing i.s cvnLinuing.

Set revenue is presented in Table 5.
The net revenue. per pond for 1976 was es-
tirnated to he $-62.16, or $-.243 per kg
of tails. As have been mentioned, t.hc
est.irnates do nvt. include the cvst of
seed stock nor a larid charge. The
.lac:rohrachium enterprise is considered
as an alternative for South Carolina
farmers already in t.he food producing
business with land resorrrces available.
The net revenue can be comparr d Lv t.he
rct.urns t.o land and management from
other craps and enterprises making use
of land.

1977 Pond Grow-Out Results

The 1977 grow-out tests conducted
on a pilot scale level yielded two re-
sults which have a beneficial impact on
 he previous financial analysis. The
size distribution of prawns at harvest
shifted significantly to the larger
market classes  Table 6!. EsLimated
t.ot.al revenue increased from $921.20 to
$1,184.50 per pond. Tv achieve the in-
crease in total revenue per pond of
$263.30 with the percentage size dis-
tribution from 1976  Table 4!, an increase
in yield of 30 percent or 149 kg would be
required, Increased feed efficiency
was also achieved in 1977. The feed
conversion was 1,83:1 as compared to the
2.5:I in 1976. The cvmbirred influence
of large.r average prawn size on total
revenue and the reduced feed conversion
on costs results in a positive net reve-
nue of $312.74 pcr pond or $1.28 per kg
of Lail  Table 7!.

This indicates that Macrobrachium
culture experiment.s in South Carolina
are producing results favorable to
continued pond grow-out development.

The estimat.es of costs presented
here are based on experience with
severa1 experimental ponds in thc
coastal area af South Carolina. The.
estimates of gross receipts presented
here are based on harvest data from
1976 to 1977, The 1976 data indicate
a negative net return, $-62.16 per .41
ha pond. This is based on a 2.5:1 feed

conversion ratio, ln 1977, the estimated
net returns were $312,74 per pond. This
is based on an inrli cat ed imprvvernerrt. in the
feed convers1on ratio to 1.83;1, and on an
improvement in the size distribrrtion, i.e.,
even Llivugh t.he t.oLal tail production dr-
Creaaed,r greater number vf Larger trrri!rralS
were produced which would sell i vr a higher
lrrice and thereby increase total revenue.
Both vf thcsc changes have a positive effect.
rirr net revenue. I.t was assumed all the costs,
exc.ept for teed, would be the same in both
years.

The c:ost estimates include no rharge for
land, therefore the net revenue is a return
tv land and management. Al.so, no cost. was in-
cl rrrled for seed stock,

It would be premature ta predict econvmic
feasibiliLy vn Lhe basis of t.hese results, As
will,rll enterprises, Macrvbrachium culture
must yield competitive returns with comparable
risk in order to artract investment capit.al.
Additional grow-vut trials over the next few
years will be nec.essary t.v establish the range
of variability in yield, prawn size at harvest.,
and far d conversion. The availability vf such
information will allow an entrepreneur to make
an investment decision based on the risks and
returns from Nacrobrachium in comparison
wit.h other enterprises.

A, Feed urrd yield
Feed conversion:

2,50rl 1n 1976
1.83rl 1n 1977

500 kg/pond, 255 kg of tails in l976
500 kg/pond, 244 kg of t.ails in 1977

Ponds are "dug type" pond 0.41 ha in
size, Type A levees have 3.6 m tops
and are 1.8 m high. Type B levees have
2.4 m tops and are 1.8 m high. Both
lcvr es have 3:1 sLopes. The levees of
each pond are to be constructed via
excavation af an average of 1.2 m. The
charge used in tho budget for excavatirig
and shapirig the soil was 0,79 per m
Type A and B levees require 9.02 and
7.5 m per m of levee respectively. The
t.otal cosL of est.ablishing tire levees
containing 18,243 m3 of excavated soil
was est.imated tv be $14,412.

The 221 m of levee to be surfaced
with 55 m3 of crushed limestone at
$15.20 per rn3 results in a cost of
$836.00. Vegetative stabilization
of levee slopes requires establishment



of grass cover through seeding and
fertilization. The 1,211 m of type A
levee involve covering 993 m ta a
width of 5 m and 2221 m to a width
of 2.5 m. The 976 m af type B levee
involve covering all 976 m to a
width of 2,5 m. The total 0,80 ha
which requires vegetative cover
results in a total cost of $98.31
when the establishment cost is
$122.89 per ha.

D. Water use factors

Filling:

The pand is assumed ta be 0.41 ha
with an average depth af 1,15 m, i.e.,
it contains 4715 ma af water. At 1000
liters per m3, the capacity of the
pond is 4,715,000 liters.

A 20 horsepower pump with a
capacity of 2650 liters per minute
would require 29.65 hours to fill
the pond. One English horsepower
is by definition equivalent to
746 watts, so a 20 horsepower
motor would use 14,920 watts per
hour. The total for 29.65 hours
would be 442,378 watt hours or
442,4 wkhr..

Replacement:

Based on information in the
National Climatic Atlas estimated
evaporation in the coastal area
of South Carolina would be 117 cm
per year. Data from the National
Weather Service Office at the
Charleston, South Carolina Airport
indicate an average annual evapora-
tion-precipitation deficit of
13.10 cm  Appendix Table 1!. For
a 0,41 ha pond this amounts to
537.1 m3 for 537,100 liters. The
2650 liter per minute pump would
require 3.38 hours over the year
for replacing water, or approxi-
mately 50.43 kwhr.

It is assumed that the water
lost by seepage is twice the amount
lost by evaporation; therefore,
the total electricity to replace
water lost by evaporation and
seepage is three times 50.43
or 151,3.

Aeration:

It is assumed that the maxi-
mum aeration needs would be 8
hours per day for 120 days.
Aeration is to be accomplished with
1/3 horsepower floating aerators
with a capacity of 1,330 liters
per minute. When equipped for
floating operation and a 45 m
power cord, the cast is approxi-

mately $350. With a 1/3 horsepower motor,
246 watts per hour would be used. The
total usage would therefore be 236.2 kwhr,

Water requirements can be met by use
of surface supplies fram waterways in
the state's coastal region.

The cost of drilling and casing a
well ta meet water supplies was esti-
mated. For this reason well costs are
included in the appendix in the event
subsurface water must be used. However,
the use of a well will nat necessarily
require modification of the financial
budget, The reason that depreciation
af the well's cost would not be in-
cluded in the fixed cost section of
the budget has to do with the United
States Internal Revenue Service regu-
lations relating to water wells. Internal
Revenue regulations 1,67  a!-6 b! per-
mit a reasonable deduction for depre-
ciation of water wells only if it can
be demonstrated that the well has
a limited useful life. Useful life
must be demonstrated on a case by case
basis, Water wells are routinely
treated as capital improvements ta
land. As such the cost must be capi-
talized into estimating the basis of
the land upon sale. For an instance
where the well could be demonstrated
to be of limited life, the authors
utilized a 25 year life to provide
insight to the depreciation charge
which would be experienced. A well
of 122 m depth in a location where the
water table is 30,5 m was estimated
to cost $21.66 per m for drilling and
$21.66 per m for casing. The total
cast of $3,303 depreciated over 25
years results in an annual deprecia-
tion charge of $132 for the 10 pond
module or $13,20 per pond,

The cost of establishing the pond
and levee system as previously esti-
mated in part B af the appendix was
used to serve as the base for calcu-
lation of a charge for interest and
pond investment. This method was
chosen due to the complexity of the
United States Internal Revenue Service
regulations regarding deductions for
nondepreciable earthern structures
such as dikes and levees. Regulations
1,182-1, 1.182-2 and 1.182-3 deal
with tax treatment of expenditures
for nondepreciable items. A deduction
for construction costs of levees is
allowed in the tax year of the expendi-
ture subject to a limit of the lesser
of $5,000 or 25 percent of the taxable
income derived from farming during
the tax year. Expenditures in excess
of this amount for the tax year must
be treated as capital expenditures and
shall constitute an adjustment ta the
basis of the land, An aquaculture
operation as a separate entity will



likely not have sufficient taxable in-
come in the first year of operation
from which to deduct levee expendi-
tures under these regulations. This
points to treatment of the expendi-
ture as an item to be capitalized
into the purchase price of land.
Thus, interest on the expenditure
would remain the correct economic
cast to include. A culturist com-
bining prawn culture with existing
farm enterprises may have. taxable
income from conventional farm
crops to which rhe above deduction
limits can be applied. There being
no method by whi.ch to identify an
acceptable target figure, the
authors proceeded as identified
in the budget.
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Table 1. Variable production costs for Macrohrachium, .41 ha pond, 500 kg.
gross production, 255 kg tail production, South Carolina.

Price
Quantity Cost per

tai.l wer~ht
Cost per
~ond

Uni tItem per
unit

412.50.33 1250kg.Feed

.04kwhr.Electricity

442,4 .06917.70Fill

,0246.05151.3Replacement

Aeration 236.2 9.45 .037

hr.Labor

,0246.00

18 .21254.00

54.0018 .212

4.5 . 05313.50Aeration 6 management

,04210.803.6Pond 6 equip. maint.

.09424. 00Harvest

.0266.7545,15Fertilizer

.21655.0055

.07820,0020

. 06115.52344.88.045Interest on op. cap.

2.766705.27

Stocking

Water quality

Feeding

Repair 6 maintenance

Miscellaneous

 $/kg!

1.618



Price Cost Cost
Unit pcr Quantity per pcr

unit ~dt ' 1 ~ht
Item

$  $/kg!

Depreciation

.083 44.16 .173

20,68 .081

13.33 .052

3.30 ,013

21.40 .084

l0.20 .040

8,00 .031

35.00 ,137

122.80 .482

278.87 1,093

Harvest basin and drain 530

.0083Pump and assembly 2482

1600.0083Pipe

.Ql 330Boat

.01Feeder and bulk storage 2140

.02Inst:rumcnta 510

.02 400Seine

.01Aerator 350

,08Interest on pond investment

Total Fixed Costs

1535

Table 2. Fixed costs of production for Hacrobrachium, .41 ha pond, 500 kg
gross production, 255 kg tail production, South Carolina.



Table 3. Total cost items per unit of Macrobrachium tail produced, percentage
break-down, ,41 ha pond, 255 kg tail produced, South Carolina,

Item
 8/kg!

41.91,618Feed

3.4.130Electricity

16.51.abc r

.026Fertilizer

Repair and maintenance .216

2.0.078Miscellaneous

1. 6Interest on operating capital .061

71.7Total Variable Costs 2.766

15.8. 611

12.5.482

1.093

100. 03.859

Depreciation

Interest on pond investment

Total Fixed Costs

Total Costs

Cost per
tail weight

Percent of
total cost



Table 4. Composition of total revenue from Macrobrachium, 500 kg per pond,
255 kg tails, South Carolina, 1976.

CumulativeTail Tail
count/kg production

Percent
of

value

Ma rke. t
class

Percent
of

product
Price Value percent

of value

 $/kg!  $! kg!

2,07 113. 8521,6 12.3 12.355154Micros

49.737.445.9117Small

63.211,0 13,5Medium

20. 7 83. 934 13. 3barge

95,56.3 11.616dumbo 35-57

8.22 41.10 4.5 100.02.035Whopper

Total 921.98255

Table 5. Net revenue per .41 ha pond, 500 kg gross production, 255 kg of tails,
South Carolina, 1976.

$/kg$/Pond

3.616 '921.98Total Revenue

Costs
Variable 2,766705. 27

278.87 1.093Pixed

3.859984.14

62.16

Total Costs

.243Net Revenue

112 � 154

79-112

57-79

2.95 345.15

4.45 124.60

5.60 190.40

6.68 106.88



Percent
of

product

Cumulative
percent

of value

Percent
of

value
Tail

production
Tail

count/kg
Ma rk et
ci.aas

Price Value

7.4 2. 07 3. l3.137.2618154Micros

|1..5 2.95 82.60

4.45 404.95

5.60 308,00

6.68 320.64

8.22 32,88

1,186.33

7,0jl2-154

79 � 111

57-78

Small

34.1 44.237.391Medium

22.5 70.226.055Large

97.227.019.735-56Jumbo

100,0Whopper

244Total

Table 7, Net revenue per .41 ha pond, 500 kg gross production,
�44 kg of tails!, 1977 pilot scale harvest results,
South Carolina.

8/kgS/Pond

4.8621,186.33Total revenue

Costs

2,437594.72

278.87

Variable*

1.143Fixed

873.59 3,580

1. 282312.74Net revenue

* Includes a reduction of feed costs to reflect a 1,83:1 feed conversion.

Tahlc 6, Composition o f total revenue from Macrobrachium, 500 kg yield per pond, 244 kg yield per pond,
244 kg tails, South Carolina, ] 977.



Appendix Table l. Average annual precipitation, evaporation, and deficit, by month,
coastal South Carolina

Jan. Feb, Mar, Apr. May June July Aug. Sept. Oct. Nov, Dec. TotalMonth

precipitation  cm! 7.62 8.41 9.25 6.96 8.94 l3.49 18,34 17.25 12.73 8.05 5.74 7.26 124.04

evaporation 5 5 9 10 12 12 13 12 9
 % of annual!

8 5 0

deficit  cm! 1,42 4,72 5.03 .48 l.. 35 . !.0 � 13. !.0

evaporation  cm! 5.84 5.84 10.67 11.68 13.97 13.97 15.24 l3.97 10.67 9,40 5.84 0 ll7,09


