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INTRODUCTION

The fishery hstory of the white sturgeon {Acinerser
transmontanus) and related sturgeon species dates back to
the 19th century in the United States. Prior o the end of
the century, the amnual stvgeon harvest of the Unfted
States was 25 million pounds, bt overfishing and the
damming of rivers serving as spawning grounds led to a
severe decline m stusgeon population, The current commer-
cial catch (where stll permitted} is estimated 0 be less
than $ million pounds annually (McGuire, 1979).

Since the late 1970s, University of California, Davis,
researchers have investigated the physiology and growth of
wiite sturgeon it an effort to mitigate this decline in
popatation through enthancement programs and the devel-
opment of sturgeon aquaculture. This study s part of thai
effort; its goal is to assess the economic feasihility of the
arificial propagation and intensive culture of white
sturgeon based on current binlogical data and aguaculure
techmiques. While long-run planning by Bos frequently
centers around considenation of economies of size, the
confined production of sturgeon offers 2 more complex
situation; size & just one dimension which must be
mcorporated into the plaoning process. Because the
sturgeon can be marketed at different stages of growth—
newly hatched larvae, T-month-old fry, 3-month-old
fingerlings, or as larger adult fish-—the commercial
hatchery can become a multi-product firm, The strategy
with which the sturgeon are marketed defines the muly-
product nature of the firns Therefore, this study will
consider the sturgeon hatchery in its mult-product format
and evaloate the vanouws measures of economic perfor-

mance —cost, profit and rate of returmn—for such a firm.,

To achieve this ohjective, a quantitative systems model
of sturgeon haichery and growout Bcflities was developed
relying on the major biological and physical input-output
relztionships reflected in the research by the UC Davis
aquaculiural facility. Engineering economics techniques
were used to establish the systerns model)

In addifion to datr on the economic measures
mentioned above, the systemns model also provides
information on requirements for capital investment and
annual operating cosis during the start-np and subsequent
operation of a facility over 2 10-year period. Compuier
simalation technigees then are apphied o the model in
order to study the economic outcome of varving manage-
ment decisions. Figure 1 presents an overview of the
modeling process ntilized in this stagdly and the information
derived therefrom.

This report is divided into three main sections. The first,
the Natwre of Commercial Sturgeon Production, discusses
the techmical and economic aspects of Infense production
of sturgeon. The format of the systems model which will
be used in the analysis is slso described. The second
section, Fmpirical Estimation of the Model, reports the
quantification of the systems model for a base model
facility from which the remainder of the analysis is
developed. The third section deals with the sinudations
used to evaluate economically the scale and product mix
dimensions of sturgeon production. Fmally, the conclusions
secticn considers further implications and possible addition-
al rescarch necds,

THE NATURE OF COMMERCIAL STURGEON PRODUCTION

Sturgeon to date have not been bred successfully in
captivity. Therefore, commercial production relies on
obtaining breodstock from their natural habitat during the
spawning season. Eggs are removed from the females and
hand fertilized with the sperm taken from the males. After
hatching, the fish are reared to various ages in progressively
larger holding tanks.

The primary featwre of sturgeon production which
distinguishes it from many other livestock or aguacultural
operations i s multi-product nature, Fish can be
produced to several stages of growth and either marketed
as fioal products at any of these stages or retained as inpuls
for Further production. Thus, when the firm determines at
which one or more of the several stages of growont it will
market its output and in what amounts, it has defined

urdquely its multi-product dimension. We shall refer o this
decision as the far’s *marketing strafegy” The next step is
10 designate the sive of operation. While other operational
dimensions are important in evaluating plant economics
(e.g., stocking density of fish per pond or tank), the focus
of this study will be on size and marketing strategy.

Plant size may be measured in terms of either input or
output capacity. In the case of the sturgeon facility,
defiming capecity in terms of final prodect s not as
meaningfol a8 a measure in terms of some mput capacity
because a given single ouiput value might result from
more than one marketing stratepy. Thus, size of facility is
specified as the totl number of broodstock handled each

Spawning sEAson,

See Alien o al, for a comprehensive sview of modelling methods and thelr application in the exanvination of economic aspects of squacalinre of wricos organisms,
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Figure 1. Overview of the modeling process. The biological functions, production input-output relations and operating
conditions are the major comnponents of the model. The modet sehsequently derived provides information on input

reqquirements, costs, production levels, and revenue,

The multi-product characteristic of sturgeon production
also creates problems of joint costs and how they should
be allocated to the individual products for purposes of cost
analysis. Generators, waler trearment equipment, and
office squiptent are examples of such inputs whose use s
not particular to any given product. Allocation of such
costs when necessary s, of course, arbitrary, but the
method of the allocation may itself affect the relative costs
and profitsbility of the various products.

In the analysis which follows, the cost estimates
sepresent peints of the long-nin cost surface. The effects of
short-run variation of eatput are not considered. When the
marketing strategy of the firm chanpes—even though
plant capacity (broodstock numbers} is unchanged — the
input requirements including building, holding tanks, and
other investment items will also change—-hence the long-
run nature of the cost points.

The Systems Model

A systern s simply a set of integrated elements which
together perform some teal world process or function. Our
system, for example, encompasses the set of hatchery and

growoul operations required o produce sturgeon of
VATiOUS ages, i.¢., it transforms inputs into outputs.

Development of a systerns model of sturgeon production
in the context of size and market strategy dimensions
utilizes three fundemental components: (1) operating
procedures and operating conditions, {2) biological fure-
tions regarding fish growth and mortality, 4nd (3} input-
outpui relationships.

The operating procedures specify the stepwise colture
process in a technical semse and directly follow the
hatchery and growout techniques developed at UC Davis
and a private facility, These procedures define how the
brood fish are collected, how the eges are obtained,
fertiized and hatched, and how the newly hatched fish are
raised to the varous stages of growth. A detailed
discussion of these aspects of the production process i
presented in Appendix A.

Operating conuditions chatacterize the wehnical and
econemic environment i which the firm operates.
Economic factors mclude the pricing mechanisms for
purchasing inputs and marketing final outputs and certain
costs affected by location {eg., property taxes, utilities,



etc.). Techpical conditions include the physical input-
outpur relations such as vield of hatchlings from a given
spawn. In this semse, the size amd marketing strategy
dimensions along with the operating procedures and
conditions form the specifications which characterize the
firm.

The biological functions (sec Figure 2) provide the
driving mechanism for the systems model by quantifying
the physical response of anirnals to the culture environment
specified above. Different Runctions, based on data rom
the UC Davis aquaculture program, relate o growth,
mortality, feed consumption and stocking densities for
different ages of fsh. Growth, feed requirements, and
mortality are each detersrined by the interactions of many
factors but in this study are expressed as a function of age
in months. This approach provides a wsefil means of
tracking these biological components of the model over
tine. These Tanctions are described in detail in Appendix
B

Whether the operating procedares and the biological
functions incorporated in the model represent optimal
culture conditions is not known. They do reflect the
general efforts at the UC Davis aguaculture facility o

maintain fish in an overall healthy state, and are, therefore,
specific to the particular culture systern employed.

The biclogical functions provide the means for caleulat-
ing the physical input-output requirements from which the
costs are developed. Given the assumption of ad libitum
feeding practices, messuring growth of the fish as a
function of age is appropriate. Feed requirernents then are
estimated on the basis of maximum growth for the
particular operating procedwies applied. Mortality alse is a
funcion of age. Growth and maturity coupled with a
stocking density relationship for different weights of fish
provide the basis for specifying the number of various sizes
of holding tanks which in turn sets the stage for developing
other input requirements (water, mechanical feeders,
wilities, etc).

The systems model s designed 1o evaluate various size
and preduct mix combinations in terms of costs and
revenues. Cost per fish is caleolated for each of the
production stages to permit analysis of the effects of
changing the plant specifications on relative costs of the
individual outputs, From the output of the systems model,
the rate of return on investment can be determined.

EMPIRICAL ESTIMATION OF THE MODEL

Ays indicated earlier, the objective of the study is to
analyze the nature of costs, profits and rates of return on
investment for sturgeon facilities with differing dimensions
of size and marketing strategy. To acoomplish this end, the
general operating conditions confronting the facility,
regardiess of size and marketing strategy must be
stipulated. Then, a base model for a particidar production
operation i developed which is subsequently expanded to
mclude the differing dimensions of size and marketing
Srategy.

Operating Conditions

For any plant size {capacity} specification, the brood-
stock are assamed 1o be maintaired in the ratio of 60
percent female and 40 percent male. The average fernale
body weight is specified to be 36 kilograms with an
average spawn of 9,075 eges per kilogram of body weight.
A fertilization rate of 75 percent and a hatch rate of 35
percent resudt in a yiekd of about 135000 hatchlings per
brood female fish.

From these specifications, the mortality function permits
calculation of the number of surviving fish at subsequent
stages of growoul

As discussed earbier, mansgement decisions W the
planning process focus on size, marketing strategy and
stocking density. These items all constrain the production
process and hence the regquirements of inputs. In this
analysks, such decisions remain constant from vear to year
during the H-yvear horizon over which operations are
modelfed.

The medel stipulates that the production from a given
cohort of fish may be sold at four age categories: Stage [,
newly haiched {nonfeeding) larva; Stage 11, l-month-old
fry, Stage I, 3-month-old fingerling, and Stage 1V, 3
years of age. However, all fish of a given cobort must be
sold by the end of the third year of growout? The
marketing strategy determines the proportion of surviving
prixluct to be sold at each of these selling stages. For the
first three selling stages {ponfeeding larva, fry, and
fingerling), the proportion of surviving animals sold {P}
may range from O to L. In the case of 3-year-old fish, P
always gquals 1 since all retained fish are soid at the end
of three years of growout,

Al the end of the first year of operation, the facility will
have I-year-old fish only (provided some newly hatched
larvae are retaimed for growout), At the end of the second
year of operation, the fcility will have 2-year-old fish

Hecnuse the available biologea! date at the time of U8 study sacladed Gsh no preater than three years of age, the production facilities in ths stady werg restrained 10 handle &b
wilkin that age range. As additional dofa became available, the economic costs und benefits of growion fish to larger weights can be analyzed.
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the equations.



(provided some fry and fingerlings are retained) and 1-
year-old fish resulting from the current year’s spawn. By
“the end of the third vear of operation, the facility will have
3-year-old fish ready for sale, 2-year-old fish (from the
second year's spawn), and the newest cohort of 1-year-old
fish. Since the size of the facility and marketing strategy
remain constant, operations in year 3 are replicated during
years 4 through 10.

The location of a facility affects the cost of items such
as property taxes and utitities. The model incorporates cost
conditions appropriate to Davis, California, and uses a
state property tax rate of 1 percent and a utility rate
comprised of a demand charge of $1.82 per KW per
month and $.064 per KWH. Thus, the costs of production
for other geographic locations would have to be altered
when such cost items differ from those specified here.

The initial start-up and operating costs of the facility
may be supported by debt, equity, or some combination
of debt and equity financing. Interest payments on debt
are tax deductible and hence affect after tax earnings and
measures of investment value. The model assumes 100
percent equity financing.

Base Model Facility

Operating conditions were initially defined for a base
model facility, whose production costs subsequently serve
as a point of reference. The base mode! facility obtains 10
broodstock (six females, four males) per season for
Spawning purposes.

The base model facility marketing strategy stipulates
that 50 percent of all newly hatched larvae is sold
immediately. One month Iater, 50 percent of the surviving
fry is sold. An additional two months later, 50 percent of
the surviving fingerlings is sold. At the end of three years
growout, all remaining fish of a particular cohort are sold.
Although actual prices for the different ages of fish
typically are varable, the following price schedule was
employed here: $.15 per newly hatched larva, $.45 per
I-month-old fry, $1.25 per 3-month-old fingerling, and
$4.00 per pound for (whole) 3-year-old fish. This schedule
reflects average 1984 prices received at commercial
facilities and information available from wholesale distribu-
tors. A federal income tax rate of 46 percent and a labor
wage rate of $6.00 per hour are used.

Input-Owiput Relationships

Based on a given number of broodstock, and the haich
and fertilization rates, the growth and mortality functions
determine the individual weight and surviving number of
fish at vadous ages. Operating procedures (such as
stocking density) and operating conditions built into the

model link these biological functions to associated require-
ments for physical inputs {(eg., tanks, feed, etc.). In the
short run, some inputs are available only in fixed supply.
Typically, equipment, buildings, and land are fixed inputs.
The use of other inputs varies with the production level. In
this study, the major varable inputs include feed, Iabor,
and utilities.

The four production stages defined above serve as
subsets of the production process for purposes of analyzing
input requirements. Thus, for example, production Stage 1,
hatchery operations, encompasses all activities culminating
in the production of hatchlings: fishing for broodstock,
spawning of broodstock (ie., collection of eggs and sperm,
and #n vifro fertilization), and incubation of the fertilized
eges. The other stages include those activities required for
production required for production of 1-month [ry, 3-
month fingerlings, or 3-year fish, respectively.

Equipment requirements specific to each stage of
production are determined for a 10-year period of
operation. Broodstock fishing operations use a 16-foot, flat
bottom boat. Three gill nets are used for fishing for
broodstock and are assumed replaced every “season.
Broodstock are transported back to the facility in a
partitioned rectangular, fiberglass fish hauler (304-gallon
capacity) which can accommodate two fish. The incubation
system has a capacity of 700,000 eggs per incubation; or,
5.6 million eggs per 8-week spawning season (assuming
the incubation system operates at capacity each incubation
run, and each incubation period is equal to one week). At
the beginning of production stage IT (hatch to 1-month
growout) larval tanks are initially stocked at a constant
level of 25,000 larvae per tank.

The semi-moist diet (fed during the first 1% wecks of
feeding) requires storage at 4°C to prevent spoilage.
Freezer requirements, sufficient to store enough feed for
one spawning season, are calculated assuming each freezer
has a capacity of 23 cubic feet, and 50 pounds of feed
requires three cubic feet of storage space. Dunng
production stages IIT {I- to 3-month growout) and IV (3-
month to 3-year growout), the stocking density function
determines the number of fish stocked per tank and hence
the required number of tanks. Beginning with production
stage T food is dispensed from automatic feeders (2
feeders per tank). The various types of tanks used in the
production process have different aeration requirements as
determined by the water depth and total water volume per
tank (Appendix 1). The aeration systems associated with
the different types of tanks are described in Appendix 2.

Buildings consist of prefabrcated, corrugated sheet
metal pole barns; the roofing for outdoor tanks is similarly
constructed, but without walls. Building space requirements
reflect the square footage needs of the incubation system(s)

n this study the federal income 1ax rate is not a function of gross taxable income; instead, it s fixed at the maximum marginal corporate income lax rate. Stale income Laxes are not

considered,



and the larval and mdoor 12-foot diameter tacks, An
additional 2,400 square feet of building space is designated
for office, laboratory, and living quarters, Roofing require-
ments for outdoor tanks are based on the number and
aress of outdoor 30-foot diameter tanks to be sheltered
{Appendix 4). The land needed by the faclity & 2
conservative estimate and incorporates only the acreage
required for buildings and roofing for cutdoor tanks.

Joint equipment items are not specific to a particular
phase of operations; but rather contribute to all production
siages. The emergency generator system musi be capable
of supporting the entire aeration system in case of power
fallure; hence its capacity is based on the combined KW
requirements of the aeration systems (Appendix 2). The
number of wells required is a function of the maximum
water requirements of the facility at any given time and
the production capacity per well {see Appendix 61 for
calculation of well requirements for the base model
facility}.

The quantities of the variable inputs of labor, utilities,
and feed required are also determmined for gach production
stage. Labor requirements for each production siage (a8
esfimated from discussions with operators of private
fagilities and the UC Davis squaculiure facility) are listed
in- Appendix 5. Fuel consumed curing the fishing
expedition is computed on the basis of distance of the
facility from the fishing site and bours spent fishing. Truck
el ileage is assumed to be 15 miles per gallon; one
hour of boat operation uses six gallons of fuel.

Electric utility service is vsed to pump water and to
operate the aeration systems and awtomatic feeders. Total
water requirements for a given stage of production are
determined on the hasis of flow rates per tank, the number
of tanks used, and the number of days tanks are occupied.
Water requiremnents for the base model facility are shown
in Appendix 3. Given engineering specifications as to well
head (tofal feet water is lified) and overall efficiency of the
well pump, the KWH required o pump the water can be
determined (see Appendix 6b). KW regquirements for
operation of acration systems arg based on manufacturers
specifications {see Appendix 2). Auvtomatic feeders are
assumed to operate a total of one hour per 24-howr period
and draw .88 KW. Feed requirements are determined by
the feed function and the number of fish retained at each
production stage.

The input requirements and their respective prices
define the total expenditores for capital {fixed) investments
(ie., equipment, bullding, and land) and operating
expenses (labor, feed, and uiilities), Total anmual labor costs
are based on a specified hourly wage rate of $6.00 plus an
overhead expemse {emploves benefiis and workman's
compensation} of 30 percent of wagss.

Capital investments give rise f¢ the gnnual coss of

maintenance, insurance, taxes, and depreciation. Amnual
mainienance costs are set at (L5 percemt of the origingl cost
of equipment. Annuval insurance cogts for buildings and
equipment are estimated sccording to the schedule in
Appendix 7. Property taxes ars assessed a1 | percent of the
original cost of equipment and buildings. The accelerated
cost recovery system (ACRS) of depreciation is used 1o
allocate the costs of equipment and buildings on an mmnual
basis over the 10-vear pericd of operations. Depreciable
property may be classified as having a fife of 3, 5, 10 or 15
years {see Appendix 8a). Based on the life of an asset, the
ACRS determines the recovery percentage for each vear of
the asset’s lifetime (see Appendix 8b). For a given class of
asset, the ACRS depreciation schedule may not be
constant from one year to the next, consequently, the
annual depreciation cost of an asset as defermined by the
ACRS may not be constant,

Expenditures for capital investments {exchuding joing
equipment} and operating expenses have been separately
specified for each of the bur production stages. Because
joint equipment items contribute to all phases of produc-
tion, their cost is apportioned equally among the four
production stages

Model Validation

The pupose of model validation i to determine
whether inferences made about the production wansforma-
tion process incorporated in the model are representative
of the actual real world process. Naylor and Finger (1967)
consider modet specification and validation a multi-stage
process which begins with: (1) specification of model
components and funciions] relationships, followed by (2}
attempis io validale these components and functional
relationships built into the model, and {3} comparisons of
“mput-output tramformations generated by the model o
those generated by the real workd” (Van Hom, 19710

There i little empirical data regarding sturgeon produce-
tion at the present stage of industry development. Thus,
siatistical comparisons between model and teal world
input-output data camot be made. As inpu-ouiput data
from commercial Bacilities become available, such compari-
sons can b2 made and validation can proceed further.
Until such time, validity of the present systems model is
based on the credibility of the model as determined by the
reasonableness of the components (ie, operating proce-
dures and biclogical functions) which drive the model
nternatly.

The operating procedires and biologica] functions built
into this model were based on information from researchers
and operstors of private facilities. Hence, these model
components are “reasonable” in that they reflect current
culfure practices and the aseociated biolpgical responses of
amimals,

*THis &5 2 reasonabie asumpsion for office snd laboratory equipmenl, samill wols, and trucks, In folare studies & would be move renlistic to apporsion the oot of the emergency
genarator, wells, acd sinpping sowss among the foor production stages according 1o the proportion of eruip cigiecity wapd by o pertonfar sage of production




Model Output and Measures of Performance

The total cost associated with a given stage of
production is determined annually for years 1 through 10
of operations and consists of the annual cost of (1)
depreciation of equipment and buildings, (2) property
taxes on land, equipment, and buildings, (3) insurance for
buildings and equipment, (4) utilities for pumping water
and operation of the aeration systems and automatic
feeders, (5) feed, (6) labor, and (7) maintenance. Items 1
through 3 are fixed costs, 4 through 7 are variable costs.
Maintenance has both fixed and variable components;
some maintenance is required even if buildings and
equipment are unused. However, usage of these ilems adds
significantly to the required upkeep. Therefore, in this
study maintenance has been treated as a variable cost item.
In addition to the preceding items, total cost for
production stage I also includes the cost of fuel for travel
to and from the fishing site and operation of the boat, and
the cost of pituitary extract required for induction of
gonadal maturation.

The average total cost per unit of output (ATC) for the
production of hatchlings, fry, fingerlings, or 3-year-old fish
is also determined annually for years 1 through 10 of
operations. ATC for a particular production stage in year i
is calculated by dividing the total annual cost in year 1 for
that production stage by the number of animals retained
by the facility which survive to the end of that stage. The
average variable cost (AVC) is similarly calculated for each
stage produced, but incorporates only the vamable input
costs of feed, labor, utilities, and maintenance.

In the growout process, outputs from earlier stages of
production serve as inputs for later stages. In calculating
average costs per unit for each stage, the production costs
of those outputs serving as inputs must be incorporated
into the production costs of subsequent outputs. If the
proportion of product sold at a particular production stage
(as specified by the marketing strategy) is P, then the
proportion of that stage’s total production costs to be
passed along to the next stage of production is 1-P.

Production costs, per se, do not determine the economic
feasibility of the sturgeon culture system. Information on
revenue or product demand in the form of prices
obtainable for hatchlings, fry, fingerlings, and 3-vear-old
fish is also needed, Given a price schedule and marketing
strategy, the revenue generated from each production stage
can be calculated and total annual revenue for the facility
obtained. For a facility, net income {or loss) before taxes
in year i is:

Net income;=Revenue;— Equipment depreciation;—
Building depreciation; Property taxes;- Maintenance;
- Insurance;— Operating costs;

where revenue and all cost figures are the annuat totals for
the facility derived from all four production stages.
Operating cost is the total variable cost in year i for labor,
fuel, pituitary extract, feed, wtilities (for pumping water and
operating the aeration systems and automatic feeders), and
maintenance.

Federal income taxes are assessed on nef income earned
by the facility; in the case of a negative net income, or net
operating loss (NOL) there is no income tax liability. A
NOL also can be uvsed to reduce taxable income in other
tax years. It may be carried back to an earlier tax year (up
to three years before the NOL year) or carried forward up
to 15 years after the NOL year. Property which is
depreciated under the ACRS is eligible for an investment
tax credit of 10 precent of the investment. The total annual
credit allowable is assumed to be limited to the income tax
liability of that year. As with a NOL, investment (ax
credits may alsc be carried backward (up to three, years)
or forward (up to 15 years} to reduce the tax liability in
other years, Thus, federal income tax is assessed on net
imcome after adjustments for any NOL. The resultant
income tax liability is then reduced by any investment tax
credits (up to the amount of the tax lability itself) in order
to determine the federal income tax liability for that year.

In order to evaluate further the economic performance
of a sturgeon culture system, the cost and revenue
information is used to measure the potential internal rate
of return of the investment.

The rate of retum, the measure used in this study, is the
discount (interest) rate that equates the present value of
cash inflows with the present value of cash outflows
{Bierman and Smidt, 1975; Osteryoung, 1979; Clark,
Hindelang, and Pritchard, 1979). The rate of retum of an
ivestment is determined iteratively when the annual flows
of cash outlay and mcome are not uniform. The model
assumes cash inflows occur at the end of each annual
period, while cash outflows occur at the beginning. A4
different timing of inflows and/or outflows will alter the
rate of return values.

In this study, expenditures for capital investments
represent cash outflows; cash inflow is represented by
annual net income after tax, but with annual charges for
equipment and building depreciation added back. There
are 10 annual time periods.



BASE MODEL PRODUCTION, COSTS AND REVENUES

Itx reflect the dynamic pature of the sturgeon production,
the systems model evaluates the operation every 10 days
for fish op to six momhs of age and every 20 days
thereafter. The biclogical fundlions are evaluaied for the
midpoint of the time mwiervals and these values form the
basis for extrapolating feed requivements, ete., for the rest
of the time pericd.

The biological ocutput of the base model facility
resulting from one year's spawning activity is summarized
mn Table 1. Each female yields 326,700 eggs, of which
245,025 (75 percent} are successfully fertilized i vitre: of
these, 134,763 (55 percent) successfully hatch, Thue, six
ferales produce BOB,S82 hatchlings, 50 percent of which
are sold immediately. The 404,291 hatchlings retained

number of hstchtings {in this case the 404,291 hatchlings
retained) which have died at a given age. For example,
cumulative mortality at 1 mouth of age is approximasely
37 percent; hence 234007 L-month-old fry survive from
the original retained hatchlings population of 404,291, At
the age of 1 month, the base model sells 5O percent of the
254007 surviving fry {ie., 127004} and i left with a total
of 24,13 kg production (0.19 gram/fryx 127,004 fryx 1
kg/1000 grams). The following equation is used to
determine the propartion of the population at ime t which
dies during the interval from { to ¢+ N (where N is some
positive number of monthsk

Proportion of population at time ¢ CM,, n-CM,

weigh a total of 646 kg The mortality function fﬁ’ff;ﬁﬁg the time mterval Fom =~ —epp—
determines the cumulative proportion of the ariginal
Table 1
Base Model Faclility Production? {Per Cohort of Fish)
Total Number of Broodstock:
Marketing Strategy: 50 percent
Age Body Welght Humber Produced Number Sold Productionl
{grams/fish) (kg)

Hatchling 0.016¢% 808,582 404,291 6.46
1 month 0.19 254,007 127,004 24,13
3 months 19.08 95,021 47,511 906.49
6 months 162.80 47,502 g 4,873.59
12 months 537.32 47,502 0 25,523.98
18 months 1,4615.41 47,502 0 67,234.97
24 months 2,814.08 47,502 g ' 133,674.59
30 months 4,795,52 47,502 0 227,796.,73
36 months 7,412.82 47,502 47,502 352,124.02

4For all stages after hatch, the number produced takes into account morrality
amd any previous production sold.
bProduction retained for continued culture
CBased on mean welght of 12 larvae at hatch (Beer, 1981).

-



where CM is the cumutative mortality as determined
by the mortality function. The numerator represents
the proportion of the original population which dies
during the time interval from t to t+N. The
denominator s the proportion of the original
population alive at time t.

During the growout period from one to three months of
age, approximately 74.82 percent of the retained 1-month-
old fry (based on the preceding equation) survive to the
age of three months, resulting in 95,021 fingerlings. After
selling 50 percent of the fingerlings, 47,510 are retained for
continued growout to three years of age, at which time all
are sold. Mortality is small between the ages of three and
six months (about 0.02 percent), and becomes insignificant
from six months to three years of age. The 906.49 kg of
fingerlings retained will yigld 352,124.02 kg of 3-year-old
fish,

Capital Investments and Operating Cost

The type, amount required, and total cost of equipment
specific to each production stage over the 10-year period
are presented in Table 2. Table 3 lists similar information
for the joint equipment items which are not specific to any
one production stage. Land and building requirements for
each production stage are found in Table 4 (see Appendix
4). Fish are raised indoors up to the age of 6 months, At 6
months of age, fish are transferred to the outdoor tanks
which are sheltered by roofing. Essentially all capital
investment in equipment, buildings, and land is made
during the first three years of operation (as shown in Table
5). The $1,500 expenditure for fishing equipment in years
2-10 represents the annual replacement cost of fishing
nets. The total investment cost of equipment (including
fishing nets) and buildings is converted into annual cost
figures for years 1 through 10 of operations by the ACRS
method of depreciation. The annual depreciation costs for
equipment and buildings are listed in Tables 6 and 7,

Operating costs of the variable inputs are shown for
each production stage in Table 8. In the present systems
model, the production of a facility is constrained by size
(capacity) and marketing strategy. During the 10-vear
period over which operations are modelled, these two
characteristics of the facility are assumed to remain
constant. Hence production from each years spawning
activities is identical to that described in Table 1. As a
result, annual operating costs are constant after the
hatchery reaches full operation in the third year.

Production Costs

The annual average total costs (ATC) per fish for the
production stages of hatch, fry, fingeriing, and 3-year-old
fish are summarized in Table 9a. Over the 10-year horizon,

annual ATC decreases as equipment and buildings become
fully depreciated. In contrast, the average variable costs
(AVC) per unit for the four production stages remain
constant through vear 10 at the values shown in Table 9b.
In Table 10 the vanable costs of labor, utilities, and feed
per fish for each production stage are separately identified.
For 3-year-old fish {weighing about 7.25 kg) these costs
can be represented in dollars per kg {of whole fish): (1)
labor cost=%$.040 per kg, (2) utilities cost=$1.78 per kg,
and (3) feed cost=$1.91 per kg. The sum of the vanable
costs of labor, utilities, and feed is slightly less than the
AVC values listed in Table 9b because the latter also
include the costs of hormone injections and fuel used by
the truck and boat in broodstock fishing and maintenance.

Total annual production costs for the base model facility
are listed in Table 11, The total variable cost increases over
years  through 3 because the facility does not operate at
full capacity until the third year. In the first year, the total
variable cost of $120,509 represents the cost of variable
inputs required to cultivate only one cohort of fish to one
year of age. In the second year of operation, total variable
cost increases to $483,893, and includes the variable cost
of raising a second cohort of fish to one year of age (ie,
production from the current year’s spawn) plus the
variable costs of growout from one to two vears of age (for
fish resulting from the previous year’s spawn). The total
variable cost of $1,360,910 in the third year of operations
includes the variable costs of culture for three cohorts of
fish, each at a different phase of growout. At the end of
the third year, facility operations reach a steady state.

Revenue, Income and Investment Analysis

Table 12 presents the revenue associated with each stage
of production under the base facility marketing strategy.
Total annual revenue over a 10-year horizon is shown in
Table 13. Annual revenue of $177,184 occurs in the first
and second year of operations and resuits from the sale of
hatch, fry, and fingerlings only in both vears, At the end of
the third year of operations 3-year-old fish are sold for the
first time. Thus annual revenue increases to $3,282,353 in
the third year and remains at this level for subsequent
years. Annual cost deductions from revenue result in net
losses for the first two years of operation and positive net
income (before taxes) thereafier. As indicated in Table 13,
no income ax is paid by the base model facility until the
sixth year of operation.

Table 14 summarizes the cash inflows and outflows of
the base model facility over 10 years of operation. A rate
of return of 1.26 percent is associated with the base model
facility, While the rate of return for the base model plant is
small, the base model facility is an arbitrarily selected point
of reference and is not necessarily an optimal point of
operation as will be seen later,



Table 2

Equipment Requirements

Total Number of Broodstock: 10
Marketing Strategy: 50 percent

Humber Required

Equipment for Years 1~10 Total Cost
: (dollars)
Production Stage I
Boat 1 16,000
Fishing nets 30 15,000
Fish hauler 1 1,108
Brood tanks 4 6,380
Incubation system i 3,600
Aeration gystem T 1,972
Total 44,052
?roduction Stage 11
Larval tanks 9 4,050
Freezer 1 600
Aeration system 1 1,622
Total 6,272
Production Stage ITJ
12-foot diameter tanks 135 131,625
Automatic feeders 270 93,150
Aeration system 17 35,003
Total 259,778
Production Stage TV
12~foot diameter tavks 134 130,650
30-foot diameter tanks 451 2,255,000
Automatic feeders 1,170 503,650
Aeration system (12-fool tanks) 17 35,003
Aeration system (30-foot tanks) 113 265,889
Total 3,090,192

10



Table 3

Joint Equipment Requirements

Total Number of Broodstock: 10
Matketing Strategy: 50 percent

Number Required

Joint Equipment for Years 1~10 Total Cost

(dollars)
Emergency generator 1 72,180
Wells 10 646,120
grripping towers 10 40,000
Office and laboratory equipment 16,000
Small tools 2,000
Trucks 2 22,500
Total 792,800

11
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Table 4

Land and Building Requirements

Total Number of Broodstock: 10
Marketing Strategy: 50 percent

Land Building and Roofing
Square Teet
Production Perilod Acres Required Total Cost Annual Tax Required Total Cost Annual Tax
memmme——edollarg=—————— = ——m———— dollars——==m=—=
Hatch production 0.02 69.02 1 1,002 25,050 251
Hatch to 1 month growout 0.02 61.99 1 900 22,500 225
1 to 3 month growout 0.77 2,324.70 23 33,750 843,750 8,438
3 month to 1 year growout 5.24 15,714.97 157 163,350 1,497,987 14,980
1 to 2 year growout 5.84 17,523.07 175 169,600 856,162 8,562
2 to 3 year growout 14.55 43,642.37 436 422,400 2,132,328 21,323
Office and lab building 0.07 206.64 2 2,400 139,872 1,399
Total 26.51 79,546.124 795 793,402 5,517,649 55,178

4sum of column may not equal total because of rounding.
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Total Number of Broodstock: 10
Marketing Strategy: 50 percent

Table 5

Annual Investment

Year of Operaticon

Item 1 2 3 4 5 6 7 8 9 10
dollars
Fishing equipment 18,600 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500
Incubation system 3,600 0 0 0 0 0 0 0 0 0
Brood tanks 6,380 0 0 0 0 0 0 0 0 0
Larval tanks 4,050 0 0 0 0 0 0 0 0 0
12-foot tanks 262,275 0 0 0 0 0 0 0 0 0
30-foot tanks 405,000 530,000 1,320,000 0 0 0 0 0 0 0
Automatic feeders 241,500 73,140 182,160 0 0 0 0 0 0 0
Aeration systems 123,013 61,178 155,298 0 0 0 0 0 0 0
Emergency generator 72,180 0 0 0 0 0 0 0 0 0
Freezer 600 0 0 0 0 0 0 0 0 0
Wells 646,120 0 0 0 0 0 0 0 0 0
Stripping towers 40,000 0 0 0 0 0 0 0 0 0
Office and lab equipment 10,000 0 0 0 0 0 0 0 0 0
Tools 2,000 0 0 0 0 0 0 0 0 0
Trucks (2) 22,500 0 0 0 0 0 0 0 0 0
Land 79,546 0 0 0 0 0 0 0 0 0
Buildings 2,529,159 856,162 2,132,328 0 0 0 0 0 0 0
Total Investment 4,466,523 1,521,980 3,791,286 1,500 1,500 1,500 1,500 1,500 1,500 1,500




Table 6

Annual Equipment D&preciaiicﬂ Costs

Tore wwaber of Broodsteck: 10
Marketing Strategy: 50 percent
Year of Operation
Equipment 1 2 3 4 5 6 7 5 9 10
dollars
Production Stage I
Boat 2,280 3,344 3,1%2 3,192 3,192 0 0 0 0 0
Fishing nets 375 570 555 375 570 555 375 570 555 375
Fish hauler 157 230 219 21% 219 0 0 0 0 0
Brood tanks $09 1,333 1,273 1,273 1,273 0 0 0 0 ]
Incubation system 513 752 718 718 718 0 0 O 0 0
Aeration system 296 434 414 414 414 0 0 0 0 0
Building 2,505 2,756 2,255 2,004 1,754 1,503 1,503 1,503 1,303 1,253
Production Stage TI
Larval tanks 576 845 807 807 307 0 0 0 0 0
Freezer 86 125 120 120 120 0 0 0 0 0
Aeration systen 243 357 341 341 341 0 0 0 0 0
Building 2,250 2,475 2,025 1,800 1,575 1,350 1,350 1,350 1,350 1,125
Production 8tage III
Tanks 18,752 27,502 26,252 26,252 26,252 0 4] 0 ) 0
Automatic feeders 13,284 19,483 18,598 18,5498 18,598 0 Y 0 0 0
Aeration system 5,250 7,701 7,351 7,35} 7,351 0 0 G 0 0
Bullding 84,375 92,813 75,938 67,5300 59,083 50,825 50,625 50,825 50,625 42,188
Production Stage IV
Tanks 76,325 187,468 405,725 488,470 475,330 369,075 263,340 0 0 0
Automatic feeders 21,156 41,459 70,894 82,321 80,590 50,971 36,369 0 o 0
Aeration systen 12,662 27,748 54,481 64,740 63,187 45,480 32,613 0 0 0
Building 150,650 166,520 140,012 126,349 111,242 95,08% 93,497 89,505 89,505 74,588
Total 392,044 583,915 811,170 892,844 853,196 614,638 479,672 143,553 143,538 119,529
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Total Number of Broodstock:

Table 7

Annual Joint Equipment Deprecliation Costs

10

Marketing Strategy: 50 percent

Year of Operation

Joint Equipment 1 2 3 4 5 6 7 8 9 10
- dellars

Emergency generator 10,286 15,086 14,400 14,400 14,400 0 0 0 0 0
Wells 61,381 67,520 55,243 49,105 42,967 136,829 36,829 36,829 36,829 30,691
Stripping towers 3,800 4,180 3,420 3,040 2,660 2,280 2,280 2,280 2,280 1,900
Office and lab building 13,987 15,386 12,588 11,190 9,791 8,392 8,392 8,392 8,392 6,994
Office and lab equipment 1,425 2,090 1,995 1,995 1,995 0 0 0 0 0
Small tools 285 418 399 399 399 0 0 0 0 0
Trueks (2) 5,625 8,550 8,325 0 0 0 0 0 0 0
Total 96,789 113,230 96,370 380,129 72,212 47,501 47,501 47,501 47,501 39,585




Table 8

Annual Operating Costs

Total Number of Broodstock: 10

HMarketing Strategy:

50 percent

Growout Period

Annual Operating cost

(dollars)
Hatch production
Fishing labor? 864
Spawnlng labor2 324
Fishing fuel 269
Pituitary extract 370
HWater pumping 159
Water aeration 275
Malntenance 220
Total 2,481
Hatch to 1 month growout
Larval labord 7,392
Larval feed 259
Water pumping 182
Water aeratien 1,566
Mailntenance 31
Total 9,430
1 to 3 month growout
Fry labor?@ 2,430
Fry feed 1,120
Water pumping 2,359
Water aeration 1,856
Autofeeder operation 393
Maintenance 1,299
Total 9,457
3 month to 1 year growout
Finger labor@ 3,870
Finger feed 29,095
Water pumping 26,493
Water aeration 28,173
Autofeeder operation 3,205
Maintenance 3,842
Tatal 94,678
1 to 2 year growout
Labor2 1,908
Feed 183,553
Water pumping 84,020
Water aeration 84,569
Autofeeder operation 5,440
Maintenance 3,322
Total 362,812
2 to 3 year growout
Labor? 4,752
Feed 462,609
Water pumping 193,789
Water aeration 193,607
Autofeeder operation 12,548
Maintenance 8,287
Total 875,592

3Fxcludes 30 percent overhead assessment for benefits.
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Table Ya

Average Total Cost of Production Per Fish

Total Number of Broadstock: 10
Markering Strategy: 3} percent

Year of Operation

Production Stage 1 2z 3 4 5 6 7 8 3 10
Average Total Cost Per Fish
doliars
Batchling 0.047 §.053 0.0489 G.043 0.041] 0.028 0.025 G.026 0.026 0.023
Fry 0.234 G«266  0.237 0,211 0.19%9  0.144 0.144 0 0.144 0. l4d4 0.131
Fingerling 2.286 2.624 2,338 2.172 Z2.043  1.28% 1.26% 1.269 1.269 1.142
3 vear old fish 46.435 51.23% 49.596 49.120 48.669 33.892  33.892  33.878

Table 10
Table 3b
Varisble Cost Per Filsh
Average Variable Cost of Production Per Fish

Total Number of Broodstock: 10
Total Number of Breoedstock: 10 Marketing Strategy: 50 percent
Marketing Strategy: 350 percent

Stage Average Varlable Cost Per Fish Production Stage Labor Gtiiiries Feed
{(dallars) §$/Unit of Production
Hatchling G001 0.001 e
Hatchling G.003
Fry Q.042 Fry 3.031 0.008 0.001
Fingerling 0.156
3 year old fish 28.02 Fingerling 0.067 0.053 0,013

3 year old fish . G.289 13.24 14.22
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Torgl Humber of Broodsteek: IO

Table 11

Fixed and ¥Yariable Corts of Production

Marketing Strategy: 50 percent
Year of Onerastion
i 2 3 4 3 1 7 g 3 10

PIXEDR COSTS
Equipment depr. 268,138 &35 944 683,428 762,577 41,982 459,710 339,193 39,679 19,884 32,9466
Building depr. 255,147 279,949 232,818 8,843 18%,4624 156,970 153,367 151,375 151,378 126,146
Taxes 44,800 60,004 97 902 97,902 97,902 97,802 97,902 97,502 97,502 7,902
Insurance 265,723 35,7640 58,269 58,269 58,269 58,269 58,269 58,269 58,269 38,269
Total fixed cost 592,828 831,357 1,072,417 1,127,59% 1,081,577 772,851 650,731 347,225 347,210 315,283
VARIARLE COSTS
Maintenanee 5,393 &,714 17,001 17,001 17 001 17,081 17,001 17,001 17,001 17,001
Labor and overhead 19,344 21,824 28,002 28,002 28,002 28 (G2 28,002 28,002 28,002 28,002
Fighing fuel 69 6% 263 265 269 269 269 269 269 268
Pitultary extract 370 370 370 37¢ a1 370 370 3¢ 379 ¢
Feed 30,474 214,007 576,635 £76,635 875,635 676,635 676,635 676,835 876,635 676,633
#tilizies

Hater pumping 9,192 113,242 307,001 347,001 307,001 307,001 367,601 307,001 307,001 07,0601

Rater aeratiom 331,879 116,429 310,046 31G,046 310,048 310,046 210,046 310,646 319,048 314,066

Aurtomatic feeders 3,597 9,038 21,586 21,586 21,586 Z1,588 21,586 21,586 31,586 21,588
Total variabie cost 129,509 483,833 1,380,910 1,360,910 1,360,910 1,360,910 1,360,510 1,380,910 1,360,510 1,380,910
Toral aonval cost 713,337 1,315,250 2,433,327 2,488,501 2,442,487 2,133,761 2,011,641 1,708,135 1,708,120 1,676,193




Table 12

Annual Production, Sales and Revenues at Maturity

Total Number of Broodstock: 10

Marketing Strategy: percent hatch sold = 50 at $.15 each
percent fry sold = 50 at $.45 each
percent fingerlings sold = 50 at $1.25 each
percent 3 year old fish sold = 100 at $%4.00 per pound

Revenue

Production Stage Number Produced Number Sold
(dollars)
Hatchling 808,582 404,291 60,644
Fry 254,007 12.,004 57,152
Fingerling 95,021 47,511 59,389
3 year old figh 47,502 47,502 3,105,168
SIMULATION EXPERIMENTS

The base model analysis provides a starting point for
study of the effect on measures of economic performance
of changes in the planning vanables specified for the base
model. Simulation experiments permit the alteration of the
decision variables of the base model facility in order to
draw inferences about the relationships between the altered
variable(s) and the system’s performance.

Various types of simulation experiments are possible;
however, the ones presented here focus on the effects of
changes in plant capacity and marketing strategies. There
is little doubt that the management decision on stocking
density has an important effect on costs of production.
However, biological data on the interactions between
stocking density and growth and mortality rates are not
available; therefore, this experiment was omitted.

In addition to the plant capacity of 10 broodstock used
in the base model, the process was also simulated using
size levels of 5, 15 and 20 broodstock. These changes were
alo comsidered in the context of different marketing
strategies or product mixes. The base model facility sells
50 percent of remaining production from a given cohort of

fish at each of the three initial stages of growout and all
remaining fsh at the end of three years. Four altemative
marketing strategies were examined for each of the four
plant sizes: marketing 10 percent, 25 percent, 75 percent
and 90 percent of remaining production at each selling
stage (with all reraining fish sold at the end of three years’
growout).

Results of simulations varying only the plant capacity
{holding marketing strategy constant) will be reported first,
followed by the results of the experiments varying only
marketing strategy while holding size at the base model
level. Finally, the results of varying both diiaensions will
be discussed,

For the frst two discussions, the ATC per unit of
production of the base model facility serves as the
performance measure against which the outputs from
simulation experiments are compared.® Rather than reph-
cate the individual 10-year format of costs shown for the
base model in Table 9a for each simulation experiment,
we have presented in Table 15 the 10-year simple averages
of the ATC for the various expenments,

$Diiscussion of comparalive rates of return will be deferred until the final sets of simulalions are presented.
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Takle 13
Annual Net Lossz or Iucone

Total Number of Broodstock; 10
Marketing Strategy: 50 percent

Year of Operation

} 2 3 4 3 [ 7 8 9 10

Revenue . 177,184 177,184 3,282,353 3,282,353 3,282,353 3,282,353 3,282,353 3,282,353 3,282,353 23,282,353

Total annual cost 713,335 1,315,250 2,433,327 2,488,501 2,447,487 2,133,761 2,011,641 1,708,135 1,708,120 1,676,193

Het loss or income ~336,131 -1,138,068 849,028 793,852 833,888 1,148,592 1,270,712 1,574,218 1,574,233 1,606,160

Income tax a ) g 0 g Y 482,823 584,438 724,050 724,057 73,874

Met income after tax —536,151 ~-1,138,086 849,024 793,852 834,866 665,763 686,275 850,168 836,176 847,416

Table 14
Cagh Inflow and Qutflow for the Base Model Facllity
Bumber of Broodstock: 10
Marketing Strategy: 50 percent
Year of Operation
Item 1 : 2 k] 4 3 6 7 8 g 10
- doliars

Net fncome after tax (536,§§§} {1,138,068) 869,026 793,852 839,864 685,763 686,275 850,168 850,176 867,416
Equipment depreciation -268,i33 435,644 683,428 762,377 741,982 453%,710 339,193 358,674 39,664 32,965
Building depreciation 253,167 279,94% 232,818 208,853 183,424 156,970 155,367 151,373 151,375 126,146
Cash inflow (14,840) (402,473) 1,765,272 1,765,272  },765,27) 1,282,443 1,180,835 1,041,222 1,041,215 1,028,528
Cash ouzfiowd 4,460,523 1,32),980 3,791,286 1,500 1,300 1,500 1,500 1,500 1,500 1,500

88ee Table 5 for detailed presentation of lnvestment Costs.



Economies of Size

Given the 50 percent marketing strategy of the base
model, changes in facility capacity result in equally
proportionate changes in production and revenue. (See
Appendix 9a-c for production levels of the various sizes of
facilities.)

The effect of changes in capacity (ie., the number of
broodstock handled each spawn season) on ATC is shown
in the first section of Table 5. As illustrated in Figures 3
and 4, the production costs of hatch, fry, fingerling and
3-year-old fish exhibit economies of size. The long-run
average cost curves in Figures 3 and 4 were constructed
from the average ATC values in Table 15, For the stages of
hatch, fry and fingerling, the ATC per unit of production
decreases as facility capacity increases from 5 to 20
broodstock. The ATC per 3-year-old fish decreases over a
narrower range from 5 to 15 broodstock capacity. After a
capacity of 15 broodstock, there is no apparent reduction
in ATC.

The proportionate reduction in ATC, in response to
increases in capacity of the facility, is greatest for the
production of hatchlings, followed by fry, fingerlings, and
3-year-old fish. When the smallest facility (5 broodstock
capacity) is compared with the largest (20 broodstock
capacity), there is on average a 37.5 percent difference in
the ATC per hatchling, a 26.8 percent difference in the
ATC per fry, and differences of 8 percent and 0.3 percent
in the ATC per fingerling and 3-year-old fish respectively

Cost per Hatchling

The production of hatchlings (ie., broodstock fishing,
spawning activities, and incubation) exhibits the greatest
economies of size mainly because increased production
requires little additional equipment {(Appendix 9d-1). The
number of broodstock holding tanks increases proportion-
ately, but no new aeration systems, fishing equipment or
imcubation systems are required as capacity increases from
5 to 20 broodstock. Additional broodstock tanks result in
increased building square footage requirements; however,
since increased production does not require further square
footage for additional incubation systems, there is a less-
than-proportionate increase in building cost {and, therefore,
property taxes, insurance, and maintenance) for hatchery
operations when production is increased (Appendix 9g-1).

Expenditures for some joint equipment items such as
office and laboratory equipment, small tools and trucks
remain constant regardless of production level; however,
the costs of the emergency generator, wells, and nitrogen
stripping towers are influenced by production levels.
Changes in the cost of joint equipment which accompany

changes in production level (Appendix 9§-1) reflect the
combined changes in requirements for all four stages of
production, Since the total cost of joint equipment is
equally apportioned among the four production stages, the
economies in joint equipment costs are shared equally
among the four stages. Hence one-quarler of these cost
savings are attibuted to hatchery operations.”

Cost per Fry

As was the case with hatchery operations, economies of
size in the production of fry (ie., hatch to I-month
growout) are largely the result of more intensive and better
utilization of the capacity of existing equipment. This is
apparent from comparison of the equipment requirements
{for hatch to 1-month growout) listed in Table 2 with
those listed in Appendix 9d-f. The model assumes
spawning activities can be carried out any time during an
8-week period (ie., the months of March and April}.
Hatchlings are maintained in larval tanks for a 1-month
period, at the end of which they are transferred to a 12-
foot diameter tank. Thus a larval tank can be used more
than once during an 8-week spawning period. This is why
{despite a constant stocking level of 25,000 hatchlings per
larval tank) the number of larval tanks required increases
less than proportionately as production expands. Similarly,
the additional building square foolage required to accom-
modate these larger number of larval tanks is a source of
economies since it too increases less than proportionately
with increased production (Appendix 9g-i). Only one
freezer and one aeration system are required by the four
different size facilities.

Cost per Fingerling

Economies of size associated with the production of 3-
month-old fingerlings is greatly diminished compared to
the economies realized in hatchery operations and growout
to one month of age. This results primarily F~cause the
requirements for 12-foot diameter tanks and automatic
feeders increase more than proportionately as production
expands (Appendix 9d-f), Because equipment is purchased
in discrete units with a given capacity per unit of input,
increases in production levels can be associated with
greater-than-proportionate increases in input requirements.
The 12-foot diameter tanks are housed indeors; thus there
are also more-than-proportionate increases in building
requirements as production increases. A capacity expansion
from 5 to 10 broodstock is associated with a proportionate
increase in aeration system requirements for 12-foot
diameter tanks; some cost savings (in aeration systems)
occur when capacity expands from 10 to 15 and from 5
to 20 broodstock.

5These percenlages were calculated using the values of ATC in Table 15. For example, the 26.8 percent difference in ATC per fry is calculated as: (5.228 - 3.1671/3.228.

"Some cconomies undoubledly arise simply as a result of the means by which joint costs arc altocated. Any such allocation procedure is admittedly arbitrary.



Table 15

Average Total Costs Per Fish of Producing
Sturgeon to Varlous Stagees of Growoutd

Average Total Cost for Production Stage:

Ttem 1 11 I1IT w
Hatchling Fry Fingerling 3-year-old fish
1+ 8ize or broodstock
capaclty
5 048 «228 1.87 43,42
10 (Base Model) 136 .185 1,77 43.34
15 032 2172 1.73 43.31
20 030 + 167 1.72 43.31

Z. MHarketing Strategy
{percent sold)

Sell 10 +131 67 2.31 43.78
25 083 v332 2.06 43.56
50 {(Base Model} «036 185 1.77 43.34
75 019 »135 1.75 43.24
90 016 178 2.65 33.52

2These figures are averages of 10 years of hatchery operations.
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When annual operating costs for 1- to 3-month
growout are compared for the different size facilities
(Appendix 9m-o) there are no cost savings. In fact, as
facility capacity expands, the per-unit costs of labor, water
pumping, and aeration increase slightly. The overall lack
of savings in equipment, building, and operating costs
seemingly contradicts the data of Table 15 which indicate
that ATC per fingerling is reduced with increasing
production. However, recall that a portion of the total
costs associated with earlier production stages serving as
inputs is incorporated in the successive production stages
which utilize them. The same is true for any cost savings.
Thus the reductions in ATC per fingerling which
accompany increased production reflect a portion of the
cost savings associated with the production of 1-month-old
fry. (Similarly, ATC per fry includes a portion of the cost
savings derived by hatchery operations as production
increases; and ATC per 3-year-old fish incorporates some
of the cost savings associated with fingerling productior.)

Cost per 3-Year-Old Fish

As facility capacity is increased, the production of 3-
year-old fish requires a more-than-proportionaie increase
in the number of 12- and 30-foot diameter tanks; however,
there are less-than-proportionate increases in aeration
systemn requirements (Appendix 9d-f). As facility capacity
expands, additional aeration systems are required only if
the increased number of tanks exceeds the unused capacity
of the existing aeration system. Table 4 and Appendix 9g-1
break down building square footage requirements for the
production of 3-year-old fish into separate requirements
for growout period from: (1) 3 months to | vear of age,
{2} 1 to 2 years of age, and (3} 2 to 3 years of age. The
sum of these separate building requirements increases
more than proportionately when production increases. As
with the other three production stages, one quarter of the
cost savings associated with joint equipment is assigned to
the production of 3-year-old fish.

Annuval operating costs have also been separately
identified for the growout periods from 3 months to 1 year
of age, 1 to 2 years of age, and 2 to 3 years of age.
Increasing production leads to aeration cost savings,
resulting from better utilization of the capacity of the
aeration systems.

Alternative Marketing Strategies

In this series of simulations, all facilities begin operations
with the same number of broodstock as the base model
facility (10). Thus broodstock fishing, spawning and
incubation activities under different marketing strategies
duplicate those of the base model facility. The production
of fry, fingerlings, and 3-year-old fish (and associated costs
of production) will differ according to marketing strategy.
Appendix 10a-d describes the production resulting from
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the alternative marketing strategies examined. Appendix
10e lists the average value (over 10 years of operation) for
fixed, variable, and total costs of production associated
with each production stage. As the marketing strategy
increases the proportion of production sold, input require-
ments are reduced as the numbers of fry, fingerlings, and
3-year-old fish produced decrease, Thus ATC will decrease
only if reductions in the amount of fry, fingerlings, or 3-
year-old fish produced are accompanied by more-than-
proportionate reductions in total cost. The percent reduction
in output and associated costs when marketing strategy is
increased from 10 percent to 25 percent, 25 percent to 50
percent, 50 percent to 75 percent and from 75 percent to
90 percent are presented in Appendix 10f. For example,
457213 fry are produced when a facility follows a 10
percent marketing strategy; 381,011 fry are produced
under a 25 percent marketing strategy. Thus, as indicated
in Appendix 10f, when the percent production sold
increases from 10 percent to 25 percent, fry production is
reduced by 16.67 percent (1 -(381,011/457,213}). Percent
reductions in fixed cost, variable cost, and total cost are
similadly calculated from cost information in “Appendix
10e. In general, percent reductions.in output are accompa-
nied by even greater percent reductions in the total cost of
production,

The ATC per unit of production changes (see Table 15)
as the marketing strategy of a facility increases the
percentage of production sold at the stages of hatch, fry,
and fingerling. ATC per hatchling consistently decreases as
the percent production sold increases from 10 percent to
90 percent. At the 10 percent marketing strategy, the
average ATC per hatchling over 10 years of operation is
3.6 times that of the base model ATC. At the 25 percent
marketing strategy, the ATC per hatchling is on average
2.3 times that of the base model. At the 75 percent and 90
percent marketing strategies, ATC per hatchling is less than
the base model value by an average of 47.2 percent and
55.6 percent, respectively.

Over the 10 percent to 75 percent marketing strategy
range, ATC per fry decreases; but at the 90 percent
marketing strategy it reverses this trend and increases (see
Table 15). At the 10 percent and 25 percent marketing
strategies, ATC per fry is an average (for the 10-year
period of operations) of 2.50 and 1.78 times greater than
the base model ATC. At the 75 percent marketing strategy
ATC per fry is reduced by an average of 27.6 percent (as
compared to base model ATC per fry); at the 90 percent
marketing strategy it is reduced by an average of 4.9
percent.

As the percent production sold increases up to {and
including) 75 percent, ATC per fingerling decreases. At the
10 percent and 25 percent marketing strategies, ATC per
fingerling is an average of 30.5 percent and 16.4 percent
higher than the base model ATC (see Table 15). There is
not a great difference in ATC per fingerling when the base



model facility (ie, the 50 percent marketing strategy) is
compared with a facility following a 75 percent market
strategy, but at the 90 percent marketing strategy ATC per
fingerling reaches its highest level (for ail the marketing
sirategics examined) and & an average of 514 percent
greater than the base model ATC per fingesling, This
discrepancy will be discussed below,

The ATC per 3-year-old fish shows a slight reduction as
the marketing strategy increases the proportion sold for a
given stage of production from 10 percent to 90 pervent;
however, the avemge reductions in ATC are relatively
small as indicated in Table 15,

Cost per Hatchling

The production of hatchlings & identical to that of the
base model facility regardless of the marketing strategy
followed by a facility (Appendix 10a-d). Base model
equipment requirements and operating ocsts for production
of hatchlings listed in Tables 2 and 8 are repeated at the
various marketing strategics as indicated in Appendices
He-h and 10k-n. ATC and AVC per hatchling are based
on the total number of batchlings produced (which &
constant at 808,582 hatchlings per vear) not the nurber
tetained. Since annual operating costs remain constant at
the variouws marketing strategies, so does AVC per
hatchling. While marketing strategy does not influence the
amount of hatchlings produced or equipment requirements
specific to hatchery operations (compare equipment
requirements for hatchery operations in Table 2 with those
in Appendix We-h), & does directly determine the
proportion of hatchlings, fry, and fingerlings sold versus
retained for continued growout, and hence affects equip-
ment and operating costs for the subsequent growout of
hatchlings not sold. However, the economies in jolnt
equipment requirements produce a reduction in ATC per
hatchling as the marketing strategy increases the propostion
of a production sold despite the fact that operating costs
and equipment requirements specific to hatchery operations
remain constant.

Cost per Fry

As the proportion of production sold s increased from
10 percent to 25 percent, 25 percent to 50 percent and
from 50 percent to 75 percent, the percent reduction in
total cost of fry production exceeds the percent reduction
i fry produced. Thus ATC per fry decreases as shown in
Table 15. The percentsge reductions in fixed costs are
large, due principally to reduced requirements for emergen-
¢y generator capacity, wells, and nitrogen stripping towers
{Appendix 10i-1). Percent reductions in the cost of joint
equipment exceed percent reductions in fry prodaction.
For example, when marketing strategy changes the percent

sold from 10 percent to 25 percent, production of fry is
reduced by 16.67 percent and the cost of joint equipment
Blls by 41.3 percent.

Previously, incresses in the percent production sold
resulted in greater than proportionate reductions in the cost
of joint equipment; however, when changing from a 75
percent to 90 percent marketing strategy, the number of
larval tmnks required decreases, but freezer and aeraton
system requirements remain unchanged {Appendix 10e-h
and Table 2} Thus, these equipment costs are reduced less
than proportionately as compared to reductions in fry
prodoction (and the disparily increases as the percent
output soid increasesl. When this cccurs ATC will
increase.

Cost per Fingerling

As the preportion of production sold increases from 10
percent to 75 percent, percent reductions in the number of
fingerlings produced are associated with even greater
percent reductions in the tomt cost of fingerling producton.
Thus the ATC per Bngeriing falls as marketing strategy
changes from 10 percent to 75 percent (as indicated i
Table 15). Reductions in Axed oosts, largely the result of
reduced joint equipment requirerents (described previous-
Iy), account for the savings in total costs {Appendix 10i-1
and Tabte 3).

When 90 percent of output is sold instead of 75
percent, the resultant percent reduction in the number of
fingeelings produced exceeds percent reduction m fixed
costs, variable costs, and thus total costs. Hence ATC and
AVC per fingerling both increase {Table 15). Although
joint equipment reqguirements are reduced, they are not a
source of relative cost savings in this case, In fact, the
annuat cost of joint equipment allocated to fingerling
production is largely respoosible for the increase in ATC
per fingerling observed when marketing strategy changes
from 73 percent to 90 percemi. The cost of joint
equipment associated with the 75 percent and 90 percent
strategies is converted into annual depreciation costs in
Appendices g and 10r. The annual cost of joint
equipment for fingerling production in year i is calculated
as: .25 {(Annual joint equipment cost in vear 13/{Number
of fingerlings produced in vear i). Depending upon the
year of operation, this cost ranges from $.13 to £45 under
the 73 percent marketing strategy, and from $.54 to $1.99
under the 90 percent marketing sirategy. Requirements for
12-foot diameter tanks and automatic feeders are reduced
proportionately fn comparison to fingerling output, but
aeration system requirements are not (Appendix 101 and
10i). This occurs because the model specifies aeration
systems can only be purchased in discrete units. As a
result, the 69.16 percemt reduction in the cost of water
agration is also less than the 75 percent reduction in
fingerling output 3

SCalculaled Feomy water memmsion onst information = Appeadices 100 and Tip 1 -{$177/8578=09.16 percent.



Cost per 3-Year-Old Fish

Over the range of alternative marketing strategies
examined, each incremental increase in percent output
sold, produces reductions in ATC. The percent reductions
in total and variable costs just slightly exceed the percent
reductions in output of 3-year-old fish and thus result in
only small decreases in ATC (see Table 15).

When the proportion of output sold increases, accompa-
nying reductions in equipment requirements produce
savings in fixed costs (Appendix 10e-h). Recall fish are
cultured in 12-foot diameter tanks from the agesof 1 to 3
months. Three-month-old fingerlings not sold continue
growout in 12-foot diameter tanks until the age of six
months when they are then transferred to 30-foot diameter
tanks. In some cases, additional 12-foot diameter tanks (in
excess of those required for growout from one to three
months of age) may be necessary to accommodate
growout of fingerlings to 6 months of age at the desired
stocking density. When the marketing strategy changes
from 10 percent to 25 percent and from 25 percent to 50
percent, reductions in the required number of 12-foot
diameter tanks (for the continued growout of retained
fingerlings) produces cost savings. Furthermore, at the 75
percent and 90 percent marketing strategies, the number of
12-foot diameter tanks required for growout from one to
three months of age is sufficient for the continued growout
of retained fingerlings. Hence no additional 12-foot
diameter tanks need be purchased. The number of 30-foot
diameter tanks required changes in proportion to changes
in output. One aeration system has capacity for four 30-
foot diameter tanks. Thus, situations of excess aeration
capacity are more likely to be avoided since a reduction of
only four 30-foot diameter tanks eliminates one aeration
system.

Economies of Size and Product Mix

In this part of the analysis, both size and product mix
were altered. Given the four size categories and the five
marketing strategies, 20 combinations were evaluated. The
results can be considered as points on a multi-dimensional
cost (revenue or rate of return) surface encompassing these
dimensions. From such a surface, management can then
analyze the outcomes of different planning options and
select that option which best meets its objective function
{e.g., highest profit, best rate of retumn, etc.).

The isolated effects of size and marketing strategies
considered ATC. Here, however, we shall view total cost,
total revenue and rate of return. Because costs vary from
year to year, one year (year 5) was sclected as
representative for cost and revenue evaluation purpases.

The resulls of the 20 model formats are given in Tables
16 throngh 21. For analytical exposition, [unctional
relationships for these “surfaces” were estimated and will
be reported below. Based on the tables of results, the

general premise was that cost, revenue and rate of retum
were related to management decisions regarding size,
marketing strategy. A variety of functional forms and
transformations of variables was considered. An interaction
(cross product) term for size and marketing strategy was
utilized as was a squared term for marketing strategy
where appropriate. The functional forms included regular
linear relationships, nonlinear relations using a squared
term, logarithmic relationships, and transcendental func-
tions. Selection of the functional results presented here
relied for the most part of comparisons of the coefficients
of determination (R? values) and the mean absolute
deviation of predicted from actual values.

Reliance on coefficients of determination in engineering
economics studies, however, can be erroneous, Relatively
high R? values are to be expected since the performance
measures from the systems model generally follow directly
from the model builder’s specifications of the internal
operations of the system. Therefore, evaluation is needed
with respect to the predictive ability of the resulting
functions as well as whether the predictions vield
“reasonable” results (e.g., nonnegative forecasts).”

Joint Output

As a possible single measure of production, a firm’s
biomass output was defined as simply the kilograms of fish
produced, regardless of product mix. Of course, this is an
imperfect measure if one considers all combinations of
plant size and marketing strategies because different
combinations of marketing strategies and size could yield
the same biomass for different cost levels. However, for the
divergent set of marketing strategies used here, the
problem did not occur.

Given the biological functions, biomass would be
expected to increase with the size of the plant. On the
other hand, as the marketing strategy calls for higher
percentages to be sold at each stage, biomass would be
expected o decrease. As evident from Table 16, production
behaves as expected, reaching a peak for the largest scale
of operation with the lowest marketing percentage and
dropping rapidly as larger percentages of fish are sold at
younger ages.

The general functional relationship considered initially
was

Biomass = [{size, strategy, strategy squared, inter-

action)
where biomass = kilograms of fish produced each year
at full production
size = number of broodstock

strategy = percent of fish marketed at initial
three setling stages (e.z., 10, 25, etc.)
interaction = (size) * (strategy)



Table 16

Aggregate Production (kilograms) of all Fish by
Plant Capacity and Product Mix

Marketing

Plant Capacity (No. of Broodstock)
Strategy® 5 10 15 20
kilograms
10 1,627,100 2,054,300 3,081,400 4,108,500
25 544,740 1,189,500 1,784,300 2,379,000
50 176,530 353,060 529,610 706,140
75 22,180 44,378 66,570 88,763
90 1,444 2,895 4,346 5,798

4In Tables 16~23, marketing strategy means the percent sold in
each size category through the fingerling stage.
remaining fish are sold at three years of age.

Total Production Costs by Plant Capacity

Table 17

and Product Mix (year 5)

All

Marketing Plant Capacity (No. of Broodstock)
Strategy 5 10 15 20
dollars

10 6,834,772 13,647,095 20,464,917 27,277,584
25 3,999,572 7,976,890 11,954,669 15,931,013
50 1,234,813 2,442,487 3,651,578 4,862,587
75 193,333 358,780 523,617 688,042
90 40,521 57,313 73,347 91,532

28



Table 18

Total Revenue by Plant Capacity and

Product Mix (year 5)

Marketing Plant Capacity (No. of Broodstock)
Strategy 5 10 _ 15 20
—dollars
10 9,090,472 18,181,140 27,271,872 36,362,540
25 5,310,061 10,620,316 15,930,509 21,240,700
50 1,641,176 3,282,353 4,923,660 6,364,901
75 272,065 544,196 816,328 1,088,460
90 79,359 158,783 238,209 317,633
Table 19
Average Total Cost Per Kilogram
Marketing Plant Capacity (No. of Broodstock)
Strategy 5 10 15 20
dollars
10 6.65 6.64 6.654 .64
25 6.72 6.70 6.70 6.70
50 6.99 6.92 6.89 6.89
75 8.72 £.08 7.86 775
30 28.06 19.80 16.88 15.79
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Table 20

Profit by Plant Capacity and Product Mix (Year 5) for Base Model Prices@

Plant Capacity (No. of Broodstock)

Marketing Strategy 10 15 20
dollars
10 2,255,700 4,534,043 6,806,954 9,084,956
25 1,310,489 2,643,426 3,975,838 5,309,685
50 406,363 839,866 1,272,082 1,702,314
75 78,732 185,416 292,711 400,417
90 38,838 101,470 164,862 226,101

8Prices are specified as hatchling $.15 each, fry $.45 each, fingerlings $1.25

each, and 3 year-old fish $4 per pound.

Table 21

Investment Requirements for First Three Years of Operation

Plant Size Year of QOperation
Marketing Strategy 1 2 3
—————————————————— dollars
Size = 5
10 10,310,885 4,450,451 11,056,219
25 6,394,722 2,585,445 6,388,998
50 2,336,221 764,093 1,896,393
75 635,891 86,455 244,951
90 284,709 1,500 17,620
Size = 10
10 20,424,202 8,901,755 22,108,586
25 12,588,098 5,155,623 12,792,616
50 4,466,524 1,521,980 3,791,286
75 1,016,027 187,530 474,635
90 344,079 17,620 15,267
Size = 15
10 30,544,480 13,350,706 33,163,304
25 18,748,372 7,723,448 19,193,882
50 6,594,134 2,284,573 5,686,179
75 1,383,424 288,605 704,319
90 403,936 31,387 29,034
Size = 20
10 40,622,384 17,802,010 44,229,440
25 24,927,856 10,307,393 25,583,732
50 8,733,713 3,044,813 7,581,072
75 1,777,964 375,913 947,770
90 468,344 29,034 45,154
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Functions were estimated by ordinary least squares
regression. While R? values above .90 were oblained in
many cases, the precise relationship estimated frequently
did not predict well over the entire range of data. For
example, negative values were forecast for some size-
strategy combinations. The equation yielding the best
performance both in terms of R2 and prediction character-
istics was transcendental with the following parameters:

In(biomass) = 13.22454 + 09134 Size + .0221 Strategy —
(.01132) (.01038)

.001 Strategy?
(.00001)

R?=.989%4

The figures in parentheses are standard errors.

This function behaves as expected. When size remains

constant, biomass decreases with increased percentage
- marketed at the smaller weights.

Thus, even though various combinations of percentages
and size could produce the same biomass, a strong relation
is evident among these variables, a relationship which is
useful in studying costs and revenues,

Costs and Revenues

The simulation results for total costs and revenues are
summarized in Tables 17 and 18 Both follow similar
patterns, increasing with respect to size and decreasing
with higher percentages of fish marketed at small sizes.

The economies of size reported for individual sizes of
fish under the base model marketing strategy also persist
over different strategies when considered on a per-
kilogram basis, as shown in Table 19. Given the nature of
some of the equipment and joint cost iterns which may
not vary much with marketing strategy, the per-unit costs
go up as more fish are sold at smaller weights. The scale
economies are much more pronounced, however, at the
higher sales strategies.

Cost could be viewed as a function of the same
variables used in the biomass relation, or, it could be
analyzed as a function of biomass instead. Relations of
both types were evaluated using the several functional
forms described earlier. Again high R? values were
obtained; however, a linear form relating cost to biomass
gave the best results in terms of both R? and predictive
performance.

Total cost =75555.73917 + 6.62951 Biomass
(.00917)

R?=1.000

where total cost =total annual cost excluding income tax
for year 5.

Fitting a function relating total revenue to biomass is
not appropriale in this case because the nature (form) of
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the functional relationship depends in a large measure on
the price relations among the four sizes of sturgeon being
sold. This aspect of the analysis will be discussed later
under the sensitivity of the model’s results to prices.

Profits for the currently specified set of prices, however,
are shown in Table 20 for the various plant sizes and
marketing strategies.

The implications of these functional relations for
managerial decisions will be discussed following the results
for the rate of return,

Rate of Return

The rate of retum is one measure of the relative worth
of an investment alternative. In this analysis, the rate of
return was computed for the 10-year planning horizon. A
different time span would, of course, yield different results,

The annual cash flow used in calculating the rate of
return was the net profit (loss) after income taxes with the
depreciation charges then added back in.

The cash outflow is the annual investment requirement
for land, buildings, and equipment. The initia! .investment
mn land, buildings and equipment is spread over the first
three years of operations as the plant reaches maturity.
After that point, a fixed charge for replacement of nets of
$1,500 per year is assessed for all plants,

Table 21 shows the investment requirements for the
initial 3-year period for the various plants considered.
Investment is assumed to be made at beginning of the year
cited.

The rate of return (see Table 22} shows a definite
increase with the higher percentages of fish sold at small
sizes and with larger scales of plants. In fact, the peak rate
of return is associated with the limiting scale (20
broodstock) and marketing strategy (90 percent) used in
this study. As seen in Table 21, the investment requirements
for handling the smaller fish reflect a major reduction over
the needs for similar plants which carry most of their
output to adult size.

In relating the management decisions to the rate of
return, a transcendental function showed the best predictive
power with the following estimates:

In(rate) = 70553 — 06117 Strategy + 0008 Interaction +
(.00661) {.00001)

00084 Strategy?
(.00001)

R?= 9812

This equation illustrates that as size of plant is held
fixed, the rate of retum increases (after a small initial
decline) as larger percentages of fish are sold at the initial
stages of growout. Similarly, as the product mix remains
unchanged, the rate of retumn increases slightly with size of
facility through the interaction term.



Table 22

Rate of Return on Investment by
Capacity and Product Mix

Marketing Plant Capaclty {(No. of Broodstock)
Stratery 5 10 15 20
parcent
10 1.15 1.21 1.22 1.24
25 1.01 1.12 1.16 1.18
50 0.92 1.26 1.39 1.43
75 2.22 472 5.77 6.21
90 9.01 19.76 25.72 30.10
}bw&mmxw Sensitivity to Price Chunges

Evalvation of the above functions provides valuable
information for long-ran planning by management. The
results demonstrate clearly that management at the ontset
of planning must define its objective function (or company
goal) because the decisions from the above set of functions
differ with the poals of management,

The linear cost and revenue functions indicate thai the
most profit s obiained with plant gze ot its largest level
and marketing strategy 2t iis lowest percentuge—or,
where biomass 55 the fargest. This relation indicates that
raising fish to larger weights is preferable i terms of profit
before taxes.

However, operations with the greatest profits do not
provide the highest rofe of return on the Investment. In this
case, the rate of retumn increases as the size of plant goes
up and a5 percentage sold rises. The latter condition ix
associated with a small biomass while the fighest profit is
related to a large biomass.

The above functions also permit maoagement (o
congider trade-offs between profits and rate of retums.
Thus, a firm with a lexicographic ordering of goaks could
seek the highest profit affer a satlsfactory rate of return
had heen achieved or viee versa. In this case, management
could determine which combinations of size and product
mix afforded satisfactory achievement of the restrctiog
goal and then optimize their decision with respect to the
second objective.
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"The above discussion is conditioned on the specified set
of prices received for the four sizes of sturgeon. If the
relative or absolute levels of these prices change, the
appropriate management decisions regarding marketing
strategy and scale of plant may also change.

Several sets of prices were posinlated to test the
sensitivity of plant sie and marketing strategy o these
factors. Given the outcome of the base model with its
initial set of prices, any reduction in the prices of
hatchlings and/or fry would sl leave the optimum
strategy unchanged, gthoogh profis and mate of return
would be reduced, The planis with the largest biomass (20
broodstock and a 1} percent marketing strasegy) main-
taired the largest profit level,

However, when the price of 3-year-old fish & reduced
to $3 per pound from the original $4 per pound and all
other prices rermain  unchaoged, the most profitable
marketing strategy becomes that of selling fish at smailer
sizes (ie., the 90 percent marketing strategy). The profit
levels of the various combinations of sizes of plants and
marketing strategies are given in Table 23. The table
ilustrates that scale of operation is sl an important
influence on profit but that, for each scale, marketing fish
at smaller sizes provides the greatest profit—a decision
strategy oppasite from that reflected by the base price
results in Table 20.

Thus, in its long run planning for capacity and
marketing, management should carefully evaluate the
projected prices at which the products can be sold.



Table 23

Profit by Plant Capaclty and Product Mix
{Year 5) for Alternative Prices?

Marketing Plant Capacity (No. of Broodstock}
Strategy 5 10 15 20
10 -8,019 6,556 15,682 29,916
25 473 23,347 45,710 69,509
50 18,217 63,574 107,611 149,681
75 30,228 88,392 147,167 206,352
90 35,749 95,276 155,563 213,697

8Prices are specified as hatchling $.15 each, fry $.45

each, fingerling $1.25 each and 3-year-old fish $3 per

pound.

CONCLUSIONS

The results from the simulations demonstrate that
sturgeon production costs and rates of return are sensitive
10 both size of facility and product mix. Economies of size
were extubiied over the range of capacities examined,
while the rate of return was more sensitive to changes in
marketing stralegics. In addition, management marketing
strategies based on profits were sensitive to prices of larger
fish.

Given the price schedule and underlying fonctions
utitized by the present systerms medel, the production of
fingerlings {growout from one & theee months of age) and
fish (growout from three months to three vears of age)
should be evaluated carefully. This conclusion is supported
by the relative fncreases in ATC For fingerlings as larger
proportions of remaining fish are sold at each stage. And,
as reflected by analysis of the multi-dimensional rate of
return surface, marketing strategies which sell the majority
of production at the stages of hatch and fry give greater
retum than those which retzin a majority of production
for growout fo three years of age. assuming the price
refations used in the initial model.

This study examined simmlation experiments relating ©
size and marketing strategies; however, numerous other
situations mvolving changes in biological, economic,
and/or operating conditions may be simufated. One can
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hypothesize about the oulcome of inferactive effects by
specifying change in more than one biological, economic,
and/or aperating condition of the systems miodel during a
simulation experiment. For example, raising the stocking
density level may simultaneously resalt in an increase in
mortality and a decrease in growth rate. The et effect on
the production and profitability of a facility is determined
hy the nature of these changes and their ineractions with
one ancther,

In this sense, the systems model in this study is a first-
round version, based largely on experimenial data, Due to
the lack of information regaeding the biological resporse
of sturgeon to alternative intensive culture environments,
operating conditions specified in the mode! are not
negessarily the most economically efficient means of
providing a suitable culture environment. Aquaculture-
oriented experiments are needed to befter characterize
oxygen and feed consumption, recultant metabolite produc-
tion and ensuing growth and su-vival rates of sturgeon
under intensive culture conditions, The impact of tempera-
ture changes on factors such as disease and montality rates
also needs study. A better understanding of oxygen
consumption and metabolite presduction leading 1o im-
proved delineation of stocking density levels and water
flow rates also chould be research priorities. Any possible



reductions in equipment {tanks, aeration systems) and joint
equipment {wells, nitrogen sifipping fowers, cmergency
generator capacity) reguirernents which may result would
be important moderators of production costs, This is
particularly important in the production of fingerlings and
3-year-old fish since the cost of utihities Gor pumping and
aerating water) and joint equipment are major components
of ATC per unit for these two stages of production.

In the present systems model, input requirements are
determined once the size and marketing siratepy of the
facility have been specificd. Future economic research
could examine situations where there is a discrepancy
between the planned and actual number of broodstock
obtained and/or marketing strategy implemented. What is
the economic oulcome if less broodstock are obtained
than anticipated? Whar are the shortrun costs (if any) of
unused capacity shouwld & facility increase s marketing
strategy, selling a greater percentage of a given production
stage(s) than oniginally planned?

Another item of prime economic importance in future

sturgeon research is the capability of producing sturgeon
roe {used a3 the base for caviar} by growing female fish to
larger sizes. Dyata in this study apply to fish 3 years of age
or younger: o date {1986) female sturgeon raised at the
U.C. Davis Aguaculture Facility have not reached sexual
maturity. Given the luxury demand for caviar, the
economic muphcations of adding roe as a joint product
with adult fermale fish are sizable and should be studied in
future research.

The value of simulation data at this early developmental
stage of the systerns model of sturgeon aquaculture lies in
the nature of change predicted by the model rather than
the precise quantitative aspects of change. The maodel &
flexible and can readily incorporate new, additional
information. Hence it serves as a slarting point for revision,
improvement, and elaboration. As the model building
process contines, resultant simulation experiments will
more accurately assews the economic feasthbity of the
production process,
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APPENDICES

Appendix A: Operating Procedures

Artificial propagation and culture of white sturgeon
begins with broodstock collection during April and May
when the animals migrate up rver to their spawning
grounds. Following capture, fish are transported back to
the facility in a portable tank supplied with aerated water.
Surgical techniques {Doroshov et al, (1983)) are used to
determine the sex of the animal and stage of gonadal
maturation. While in captivity, broodstock do not feed
and are individually maintained in separate halves of a
1,795gallon rectangular tank supplied with flowing
water.’

Ovulation is hormonally induced in female broodstock
with carp (Cyprinus carpio) pituitary extracts. If not
already naturally occurring, a spermiation in male brood-
stock can also be hormonally induced. Two intramuscular
injections are given at 12 and 24 hour intervals. Females
receive a total dosage of 5 mg per kg of body weight;
males, a total dosage of 1 mg per kg of body weight. Ova
are collected from the female through a midventral
incision. Sperm are collected by manual stripping and
catheterization.

In yitro fertilization and incubation techniques for white
sturgeon have been previously described by Doroshov et
al, (1983). Eggs are placed in bowls, then mixed with
diluted sperm (1 part serninal plasma; 200 parts water).
Following repeated washing with water, fertilized eggs are
mixed with a suspension of silt. Silt particles adhere to the
exiernal jelly coat of eggs, thus preventing them from
sticking to one another and forming clumps which would
promote fungal growth and result in suffocation of the
eggs.

The incubation system is comprised of 10 domed-
bottom plexiglass jars (3.4-gallon), each with a capacity of
holding approximately 70,000 eggs. The annual capacity
of the incubation will exceed 700,000 eggs because more
than one incubation run can be conducted during a
spawning season. Each incubation jar receives sterilized
flow-through water from an elevated head tank (Monaco
and Doroshov, 1983), The flow of water through the
incubation jar (see Appendix 1) rotates the eggs, promoting
oxygenation and inhibiting fungal growth. Eggs hatch over

a 20- to 35-hour period after seven days of incubation at
an average water temperature of 14.5°C. Larvae swim
vertically, exit the incubation jar through a spout, and are
carried by a drain gutter o a holding trough.

From the holding trough of the incubation system,
larvae are transferred to a 489-gallon, square tanks with
rounded corners at a density of 25,000 per tank where
they remain for the first month posthatch. Newly hatched
larvae obtain nutrition from a yolk sac and do not
commence external feeding uniil approximately day 10
posthatch. Larvae are offered a semi-moist artificial feed ad
libitum eight times daily for the first week of feeding.
During the second week of feeding, larvac are gradually
weaned form the semi-moist to a dry artificial feed. Not all
larvae will accept an artificial feed; and of those that do,
not all will be successfully weaned. Hence mortality is
highest during this period. Larval tanks are cleaned twice
daily to remove excess feed.

From the age of one to six months, animals are
maintained indoors in 12-foot diameter tanks; thereafter,
they are reared outdoors in 30-foot diameter tanks shaded
by roofing (see Appendix 1 for water depth and flow
rates). Feed is dispensed from automatic feeders for the
12-foot and 30-foot tanks, Animals are initially stocked at
one-half the amount specified by a stocking density
function. When growth and mortalify result in a iotal
biomass equal to that specified by a stocking density
function, animals are transferred o a larger number of
tanks, again at one-half the level dictated by the same
stocking density function. The process is repeated until the
animals are marketed.

Establishing the stocking density is an operating
procedure which greatly influences the culture environ-
ment. In trout it was shown to be inversely related to
growth rate and directly related to the feed conversion rale
(Refstie, 1977). Increases in stocking density produce stress
in channel catfish as measured by certain hematological
parameters (Klinger, Delventhal, and Hilge, 1983).

The stocking density function reflects, in part, the
metabolic processes of the fish. Typically, the metabolic
rate per unit weight {measured in terms of oxygen
consumption) decreases as size increases (Fry, 1971).

?See Appendix | for a list of the types of lanks or other containers wsed in each phase of production and the emperature, depth, volume, and flow rate of waler associated with each.



Smafler size fish have a greater metabolic rate than Jarger
size fish and hence reqguire a gregter water volame per unit
weight in order to obtain enough oxygen. In this context,
the stocking demsity funciion expressed i grams of
biomass {total body weight) per cubic foot of water (based
on preliminary data from UC Davis) incresses at a
decreasing rate with the weight of the individual fish. The
datz used in estimating the relationship were observed
densities used at the UC Davis aquaculure facility for
sturgeon production. Data were not available on inferac-
tions of stocking density and mortahity or feed consurpption,

{1}  Grams biomass per fi? water= 48 984 3(Weight) 37
{,060) {.005)

(RZ=.9971)

The weight variable & expressed in grams per fish,
Figuores in parentheses are the standard deviations for the
coefficients.

The stocking demsity function & not applicable to
incubation opetations nor 1o production stage 1L Larval
tanks are stocked at a constant 25000 hatehlings per tank.

Production is based on fow-through water derived
from wells on site; no water 1 reciroutated through any
“part of the facility. Sturgeon grow well in 2 relatively wide
range of water temnperatores; hence water i not heated
and ranges in temperature from 13 o 20°C. Flow rates
vary with the stage of growout, "

The level of nitrogen in the water can adversely affect
the health of fish. Water is considered saturated with
aitrogen gas when it condains all the dissolved gas it can
hold at a given temperature and pressure (Gordon and
Ford, 1972}, however, under conditions of moreased
pressure {as may occur during pumping) groundwater
may absorb even grester quantities of disolved gas,
becoming “supersaturated” with nitrogen. Fish cultored in
water contaming high levels of pitrogen gas may incur
stress, increased susceptibility to secondary fections and
gae bubble disease {Rucker, 1972; Bouck, 1980); therefore,
all well water is first passed through a packed column
aeration system (or “nitrogen stripping tower™ prior to
entening the hatchery and growout facility to reduce the
dissolved nitrogen levels (Speece, 1981; Hackney and Colt,
1982; Marking, Dawsen, and Crowther, 1983). A regener-
ative air blower system (described in Appendix 2)
provides additional aeration of water,

The water wsed (as caleulated in Appendix 3) is
digcharged withowt prefreaiment onto neighboring agricuk
tural lands. Efffuent water may require treatment to meet
state or Environmentsl Protection Agency water guality
standards; however, this study does not comsider alternative
methods of efffuent treatment, nor the costs of doing so.
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Appendix B: Biological Functions

The models biological functions quantify the physical
response of animaly 10 the culture environment specified
above. The Bological fanctions in this study were based
on data from the UC Davis aquacnliere facility.

Feed Requirements

The function estimating daily feed requirements per fish
was provided by Doroshov {unpublished data from UC
Duavis aquaculiure expertments),

(2) Daily leed per fish (grams) = 0.056( Age)'#5
R+ 999)
where age i expressed in months,

This feeding rate & based on ad lbium feeding (ie,
animals are fed to satiety). Food ration and consumption
levels are major determinants of body weight, however,
given the assumption of ad #binem feeding, body weght
may be expressed a5 a function of age, Hence the daily
food ration is estimated so & to provide surplus food, and
thus permit puzxinmem weight gain rather than a particolar
ate of weight gain,

Body Weight

Two functions (estimated by ordinary least squares
regression techniques) relate body weight of individual fish
to age. The first applies 1o fish less than or equal o three
months of age, the second to fish from three months fo .
three years of age. (Data for estimation were supplied by

UC Davis aguaculture facility.)
(3) Age<t3 mos: Ln weight (gramsy= 39674+
{.395)
23054 Age
{408)
R2=35758)

{4 3 mos<Age3 yrs.: Ln weight (mams)=

In 1.42+23888(1n Age) (R2=.9613)
(.239) (.096)

where age is expressed in months.

Body weight can be represented as a single exponential
equation with relatively good statistical properties; however,
equation 4 vields betier predictive resulis for larger size
fish. The body weights resulting from equations 3 and 4
closely coinoide at the age of three months ar which time
the functions predict body weights of 1908 and 1959
grams respeciively. The resuls from these equations
describe exponentinl growth for the first three vears of
cultire and are in general agreement with other data
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Appendix Table |

Tank and Water Requirements for Each Production Stage

Tank Water Flow Daliy water Amblent Water
Activicy Dinenslons Water Depth Water Voluma Rate Flow Per Tank Temperature
{fert) {gallong/tank} (gallons/min} {gallonsfday} %)
Production Stage I
Brovdatock malntenance &% w207 3.0 1,798 13.2 19,408 12-15
Incubatioa {days i-2} 3.4fincubation 1.0 1,200/incubation 1416
jar jar
incubation {days 3-7) 3.4/incubation 2.0 2,880/incubation 14-16
jar jar
Production Stage IL 6.6 x 6.6 1.5 489 5.0 73200 1618
Production Stage IIT 127 dlameter 1.5 1,269 12,0 14,400 i2-26
Produetion Stage IV
i-6 months 12 diameter 1.5 1,269 10,0 14,5800 12~20
6-1% months 36Y diameter 2.3 13,218 44,0 57,600 220
12+24 mouths 3G diamerey 3.5 18,507 Hl.4 76,0186 122G
2436 months Y dlameter 3.3 18,507 314 76,014 1220

Souree: U.C. Davis Aquaculture Program and induscry estimates.



colected from growth experiments where while sturgeon
were grown under similar conditions and fed natural
{tubifex and Arfemia safina), artilicial or a combination of
natural and artificial diets (Mopace, Buddinglon, and
Daoroshov, 1981). The present study does not address the
issue of size distribution of fish al 4 given age; rather,
expected values are ufilized (e, all nglividuals of the same
age are considered to be the same size). The data pertain
io three annual cohorts of sturgeon; extrapolation of the
biological functions bevond this age is inappropriate,

Mortality

Based on experimental data from the UC Davis
aquaculture program, most mortality was observed to
occur within the first month posthatch (days 10-30), the
period when larvae most successfully initiate and maintain

external Teeding on an artificial diet. After the age of 3.5
months (or a weight of approximately 30 grams) fish were
relatively hardy and further mortality {through three years
of growout) was negligible wnder the specified cudnre
condiions. Mortality was it by ordinary least squares
regression as a logistic function of age in months with the
following results:

®) : jon dead =55
Cumulative proportion dead i = 1+ e0IT63 G001 Ar
{(299%(.277)
Ri= N7

The cumulative proportion dead in month 1 becomes
asymptotic to .53; thus, about 47 percent of the original
haich survive to 3 years of age.

sppendix Tabie Z

Aevarion System Speclfications®

Maxiwum Capasity

Cubis Fesr AT

Blower Size Fer Blower Warar Depth ¥ar Tark Pressure Goged KW Consumption
(horse powery (feat} {psi} {dallarg)

2 12, &' x 20" tanks 3.0 9.0 2.5 2,075.68 2.7

3 17, 6.6' x 6.8' tacks 1.5 6.0 1.6 1,707.43 1.9

3 &, 12' diam. tanks 1.5 14.0 Aed 2,166.26 2.6

3 4, 30 ddam. vacks 2.5-3.5 1Z.1 1.9 2,476,654 4.5

2his information iz based on industry ssurces.

An zeration system 1s comprised of & refenerarive blower

(slas accessories) and wlbvs~hizh welegulsr wedght sorous plastic tubing {i~3/8% x 1/8” wall with average
pore size of 20 microas or 2-17107 2 3716”7 wall with average pore size of 35 micrens) throagh which aly

41 ffuses.

BYnclndes the cost of blowsr accefzories and diffuser tubing.
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Appendix Table 3

Annual Water Requirements for the Base Model Facilitya

Activity Annual Water Requirements
(acre—-feet)

Production Stage 1

Broodstock maintenance 7.65
Incubation 1.73
Production Stage 1T 16.72
Production Stage 1711 139,18

Production Stage TV

3-12 months 1,563.28
12-24 months 4,957.87
24-36 months 11,435.12

3Annual water requirements were calculated based on water
flow rates, number and size of tanks and length of time
tanks are occupied.

Appendix Table 4

Building and Outdoor Roofing Requirements

Outdoor Roofingd
Item Bullding Space Per Item? Per Item
square feet

Broodstock tank (4" x 20") 188
Incubation system 250
Larval tank (6.6' x 6.6') 100
12' diameter tank 250
30" diameter tank 1,600

A7otal bulilding and roofing requirements were calculated based on this
information. For example, the 1,002 square feet building requirement for
hatch production in the hase model facility (in Table 4) was calculated as:
(4 broodstock tanks x 188 square feet/broodstock tank) + (1 incubation
system x 250 square feet/incubation system).
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Appendix Table 3

Labor Requirements

Number Hours Number of Persons Totzl Nuamber

Activity Per Activity Required Labor Hours
Broodgtock fishing? 12 3 36
Spawning 3 3 g
Feeding larvaeb 2 1 2
Cleaning larval tanksb 1 1 1
Transfer of fry from larval 1.5 2 3

to 12' diameter tank{s)®

Transfer of fingerlings from 1,3 2 3
12' to 12' diameter tank(s)®¢

Transfer of figh from 12' to 1.5 2 3
30" diameter tamnk{s)®

Transfer of fish from 30' to 1.5 2 3
T30 diameter tanmk{s)c

3Requirement per fishing trip including roundtrip travel time (4 hours) to
fishing site.

brotal hours required per tank per day.

CTotal hours required per tamk to tank transfar.

Source: U.C. Davis Aquaculture Program and industry estimates,
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Appendix 65 Determination of Well Requirements and
Costs

The cost of a well s comprised of 1) the cost of
digging a test and production hole, and 2} the cost of the
pump. The model assumes for any size well, a flat fee of
$5,625 is charged for mobilization (moving of equipment
to the well site) and the drilling and electric logging of the
test hole,

Production capacity and the cost of drilling and the
casing for the well vary with the sze (diamefer) of the
well. They are estimated as follows:

Well Diameter  Production Capacity  Cost

{inches} fgalion/mia) {$/f)
8 500 40
10 1,000 60
i6 2,000 80

The model hurther specities: 1} ali wells are 400 feet deep,
2} 4 pump has an efficiency of %0 percent and can deliver
20 gallons of water per minute per hsp, and 3) pump cost
is estimated at $300 per hsp.

Thus the number and total cost of wells required s
estimated as follows:

(D If the maxirnum water regoired (MWR)=500
gallon/min:
{a) the number of wells required =1
(1) well cost=$5,625+ (340/R < 400 /)
MWR
* (30 gallon/min 00 25P)
hsp

{2) T 500 gaflon/min << MWR < 1,000 gallon/min:
() the number of wells required=1

{b) well cost=$§5,625 + (860/T < 400 £)
MWR
" (W x $300/bsp)
hsp

{3} 1f 1,000 gallon/min < MWR:
{a) the number of wells vequired = MWR /2,000 gai-
lor/min {rounded up fo the next integer
{by well cost={Number of wells required) < ($5,625

hsp
x $300/hsp))

Appendix 6b: KWH and KW Pumping Requirements

The model assumes:
13 Head (tota! feet well water is fifted) = 150 feot
2) Efficiency of pump (Epi=0.80
3} Efficiency of motor {(E,,)=0.80
4} Overadl efficiency of pumping (Epx E,,= Eg) =0.64
5} KWH required to pump _ 024 Head* -

1 acre foof of water ‘ E,
Hence 1024x150/0.64 or 240 KWH are required 1o
pump 1 acee foor (325900 gallons) of water given the
above agsumptions. The annual KWH cost of pumping for
a production siage can now be computed. For example,
the annual water requirement for production stage I {base
maodel facility) is 1072 acre feet. Thus the associated
KWH pumping cost is:

$164.66= 10,72 acre feet » 240 K WH/acre foot
% S064/KWH
The model determines KW demand as follows;

10,92 KW = 10.72 acre feet < 240 KW H/acre foot x
4 KW/ 1,000 KWH"

* Faowry Universiey of California Agriculturyl Extension Bulieting July 1978, terigation Purping Costs.
The celasiomship of 4 KW per 1,000 KWH was bused on Pagific Gas and Bleewic Compamy estimates.
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Appendix Table 7a

Equipment Insurance Cost Schedule

Equipment Value (EV) Annual Cost of Insurance
————————————————————————— dollars
EV < 50,000 350
- 50,000 < EV < 100,000 650
100,000 < EV £ 300,000 1,050
EV > 300,000 1,050 + 82 per $1,000 of

equipment value in
excess of $300,000

Appendix Table 7b

Building Insurance Cost Schedule

Building Value {BV) Annual Cost of Insurance
e dollars

BV £ 45,000 415

BV > 45,000 415 + $9 per $1,000 of

building value in
excess of $45,000

Source: Industry estimates.
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Appendix Table 8a

Unit Cost and Accelerated Cost Recovery Schedule {éCSﬁ}K
Classification of Fixed Input Requirements

Ioput Item Unit Cost ACRS Class
{dollars) (years)
Boat 16,000 5
Fishing nets 500 3
Fish hauler 1,100 5
Broodstock tank 1,595 5
Rroodstock tank aeration system 1,872 5
Incubation system 3,600 5
Larval tank (6.6' x 6.6'") 450 5
Larval tank aeratian system 1,622 5
Freezer 600 5
127 diameter tank 975 5
12' diameter tank aeration system 2,059 5
Automatic feeder 345 5
30! diameter tank 5,000 5
30" diameter tavk aeration system 2,353 5
Well See Appendix 6a 15
Hitrogen stripping tower 4,000 5
Emergency generator See Appendix 8c 5
Truck 11,250 3

Source: Intarnal Revenus Service Publications 225 and 534.
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Appandix Table 8b

Accelerated Cost Recovery Schedule

ACRS Year Classification

3 B 15
Year Annual Percent Recoverable
1 .25 D.15 0.10
2 0.38 0.22 0,11
3 0.37 .21 0.08
4 .21 .08
5 0.21 0.07
6 0.06
7 0.06
8 Q.06
9 0.06
10 0.05
11 0.05
12 0,05
13 .05
14 0.05
15 0.05

Source: Internal Revenue Service Publications
225 and 534,

Appendix Table 8¢

Emergency Generator Cost Schedule

Emérgency Generator Capacity Cost /KW
{RW) (dollars)
RW capacity £ 15 438
15 < R¥ capacity £ 60 300
60 < KW capaity £ 125 230
125 < R¥ capacity £ 500 158
300 < KW capacity £ 1,000 120

Source: Industry estimates,
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Appendix Table %a

Production From a Five Broodstock Capacity Facility? (Per Cohort of Fish)

HMarketing Strategy: 50 percent

Age Body Weight Humber Produced Number Sold ProductionP
(grams/figh) (kg)

Hatchling 0.016% 404,291 202,146 3.23
I month 0419 127,003 63,502 12.06
3 mounths 19.08 47,510 23,755 453,24
6 months 102.60 23,571 0 2,436.85
172 months 537.32 23,571 0 12,761 .85
18 months 1,415.41 23,571 0 33,617.40
24 months 2,814.08 23,571 0 66,837.21
30 months 4,795.52 23,571 g 113,8488.,39
36 months 7.,412.82 23,571 23,751 176,061.8%

3¥or all stages after hatch, the number produced takes into account mortality
and any previous production sold.

Production retained for contipued culture or sold at the end of 36 months
growout. :

CBased on mean weight of 12 larvae at hatch (Beer, 1981}.

Appendix Table 9b

Production From a 15 Broodstock Capacity Facility® (Per Cohort of Fish)

Marketing Strategy: 50 percent

Age Body Weight Number Produced Number Sold ProductionP
{grams/fish) (kg)

Hatchling 0.016< 1,212,873 606,437 9.70
1 mooth 0.19 381,011 190,506 36.19
3 months 19.08 142,533 71,267 1,359.74
& months 102.60 71,255 0 7,310.76
12 months 537.32 71,253 0 38,286.74
18 months 1,415.41 - 71,255 0 100,855,004
24 months 2,814.08 71,255 4] 200,517 .27
30 months 4,795.52 71,255 0 341,704.78
36 months 7,412.82 71,255 71,255 528,200.49

4¥or all stages after hatch, the number produced takes into account mortality
and any previocus production sold.

bproduction retained for continued culture or sold at the end of 36 months
growout .

CBased on mean weight of 12 larvae at hatch {(Beer, 1981).
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Appendix Table 9¢

Production From a 20 Broodstock Capacity Facility® {Per Cohort of Figh)

Marketing Strategy: 50 percent

Age Body Welght Number Produced Numher Sold ProductionP®
{grams/fish) {kg)

Hatchling 0.016C 1,617,165 808,583 12.94
1 month 0.19 508,015 254,008 48.26
3 months 19.08 190,044 85,022 1,813.02
6 months 102.580 95,007 0 9,749,72
12 wmonths 537.32 95,007 0 51,049,16
18 months 1,415.41 95,007 a 134,473.86
24 months 2,814.08 95,007 0 267,357.30
30 months 4,795.52 35,007 0 455,607.97
36 months 7,412.82 95,0067 95,007 704,269.79

4For all stages after hatch, the number produced takes into account mortality
and any ptrevious production gold,
bProduction retatned for continued culture or sold at the end of 36 months

growout,

CBased on mean welght of 12 larvae at hatch (Beer, 1981).
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Appendixz Table %d

Equipment Requirements

Total Number of Broodstock: 5
Marketing Strategy: 50 percent

Humber Reguired for

Eaulpment Years 1-10 Total Cost
{dollars)
Production Stage I
Boat 1 16,000
Fishing nets 30 15,000
Fish hauler 1 1,100
Brood tanks 2 3,190
Incubation system 1 3,600
Aeration system 1 1,972
Total 40,862
Production Stage 1T
Larval tanks 5 2,250
Freezer 1 600
Aeration system i 1,622
Total 4,472
Production Stage TT1
12-foot dliameter tanks a7 65,325
Automatic feeders 1354 46,230
Aeration system 9 18,531
Total 130,086
Production Stage IV
j2-foot dliameter tanks 67 65,325
30-foot diameter tanks 225 1,125,000
Automatic feeders 584 201,480
Aeration system (12-foolt tanks) 8 16,472
Aeration system (30-foot tanks) 57 134,121
Total , 1,542,394
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Appendix Table 9%e

Equipment Requirements

Total Number of Broodstock: 15
Marketing Strategy: 50 percent

Number Required for

Equipment Years 1-10 Total Cost
(dollars)
Production Stage I
Boat 1 16,000
Fishing nets 30 15,000
Fish hauler 1 1,100
Brood tanks 6 9,570
Incubation system 1 3,600
Aeration system 1 1,972
Total 47,242
Production Stage I1
Larval tanks 13 5,850
Freezer 1 600
Aeration system 1 1,622
Total 8,072
Production Stage III
12~-foot diameter tanks 202 156,950
Automatic feeders 404 139,380
Aeration system 26 53,534
Total 389,864
Production Stage IV
12-foot diameter tanks 202 186,950
30-foot diameter tanks 677 3,385,000
Automatic feeders 1,758 606,510
Aeration system (12-foot tanks) 25 51,475
Aeration system (30-foot tanks) 170 400,010

Total 4,639,945
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Appendix Table 9f

Equipment Requirements

Total Number of Broodstock: 20
Marketing Strategy: 50 percent

Number Required for

Equlpment Years 1-10 Total Cost
(dollars)
Production Stage I :
Boat I 16,000
Fishing nets 30 15,000
Fish hauler 1 1,100
Brood tanks 8 12,760
Incubation system 1 3,600
Aeratlion system 1 1,972
Total 50,432
Production Stage I1
Larval tanks 17 7,630
Freezer 1 600
Aeration system 1 1,622
Total _ 9,872
Production Stage IIT
12~-foot diameter tanks 270 263,250
Automatic feeders 540 186,300
Aeration system 34 70,006
Total 519,556
Production Stage IV
12-foot diameter tanks 269 262,275
30~foot diameter tanks 903 4,515,000
Automatic feeders 2,344 808,680
Aeration system {(12-foot tanks) 34 70,006
Aeration system (30-foot tanks) 226 531,778
Total 6,187,739
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Total Number of Broodstock:

5

Marketing Strategy: 50 percent

Appendix Table 9g

Land and Building Requirements

Land Building and Roofing
Acres Square Feet

Production Period Required Total Cost  Annual Tax Required Total Cost  Annual Tax

———————— dollarg=——mmmm=— —=—we—w———dollars———=————-
Hatch production 0.01 43.12 1 626 15,650 157
Hatch to 1 month growout 0.01 34.44 1 500 12,500 125
1 to 3 month growout 0.38 1,153.74 12 16,750 418,750 4,188
3 month to 1 year growout 2.59 7,766.22 78 80,750 741,830 7,418
1 to 2 year growout 2.92 B,761.54 88 84,800 428,081 4,281
2 to 3 year growout 7.27 21,821.18 218 211,200 1,066,164 10,662
Qffice and lab building 0.07 206.64 2 2,400 139,872 1,399
Total 13.25 39,786.88 400 397,026 2,822,847 28,230




Appendix Table %h

Land and Bullding Requirements

Total Mumber of Broodstock: 15
Marketing Strategy: 50 percent
Tand Building and Roofing
Acres Square Feet

Production Period Required Total Cost Annual Tax Required Total Cost Annual Tax

TN ) 7 —— R ——; 7% § P o e—
Hateh production 0.03 94.92 1 1,378 34,450 345
Hatch to 1 month growout 0.03 89.54 1 1,300 32,500 325
1 to 3 month growout 1.16 3,478.44 35 50,500 1,262,500 12,625
3 mounth to 1 year growout 7.88 23,648,50 236 245,700 2,247 ,B94 22,479
1 to 2 year growout 8.76 26,284.61 263 254,400 1,284,243 12,842
2 to 3 year growout 21.82 65,463.55 655 633,600 3,198,492 31,985
Office and lab building 0.07 206,64 2 2,400 139,872 1,399
Total 39.75 119,264.20 1,193 1,189,278 8,199,951 82,000
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Appendix Table 9i
Land and Building Requiremenrts

Total Number of Broodstock: 20
Marketing Strategy: 50 percent

Land Building and Roofing
Acres Square Feet

Production Period Required Total Cost  Annual Tax Required Total Cost Annaal Tax

e eeed @]l @t g ee—— e A0 1 AT e e
Hatch production ¢.04 120.82 1 1,754 43,850 439
Hateh to 1 month growout .04 117.10 1 1,700 42,500 425 .
1 to 3 month growout 1.55 4,649.40 46 £7,500 1,687,300 16,875
3 month to 1 year growout 10.53 31,595.26 316 328,300 3,004,051 30,041
1 to 2 yvear growout 11.68 35,046.14 asg 339,200 1,712,324 17,123
2 to 3 vear growout 29.09 87,284.73 873 844,800 4,264,656 42,647
Qffice and lab building 0.07 206 .64 2 2,400 139,872 1,399

Total 53.00 159,620.09 1,589 1,585,654 10,894,753 108,949
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Appendix Table 9j

Jolnt Equipment Begquirements

Total Humber of Broodstock: 3
Marketing Strategy: 54 percesnt

Number Requirad

Joint Boulpment for Years 1-10  ‘Poral Cost

{dellars)
Bmevgenty generator i 48,237
Wails 5 324,014
Seripplag towers 3 24,000
Office and laboratery equipment 16,004
Smail toals 2,008
Trucks 2 22,500
Total 426,751

Appendix Table %1

Appendix Table 9k

Joinz Equipmeant Requirements

Fotal Nember of Broodstock: 13
Marketing Strategy: 30 percent

Numbsr Regquirsd

Joing Egulpment for Years i~10  Total Cost

{doilars}
Emergency generator i 108,264
Yells 15 968,280
Stripplag towers 15 63,000
Gffice and laboratory equipment 10,000
Small tools 2,800
Trucks 2 22,500
Total 1,171,044

Joint Equipment Requirements

Total Buwber of Breodstock: 28
Marketing Strategy: 50 percent

Huamber Reguired

Jaiat Equipment for Years i-19 Toral Cost
{dollars)

Emergency generator H 143,808
HWells 24 1,294,414
Stripping towers 20 80,000
Office and laboratory equipment 10,000
Swall tools 2,000
Trucks 2 22,500
Total 1,548,722




Appendix Table 9m

Annual Operating Costs

Total Number of Broodstock:
50 percent

Marketing Strategy:

5

Growout Period

Annual Qperating Cost

Hatch Production
Fishing labor
Spawning labor
Fishing fuel
Pituitary extract
Water pumping
Water aeration
Maintenance

Total

Hatch to 1 Month Growout

Larval labor
Larval feed
Water pumplng
Water aeration
Haintenance

Total

1 to 3 Month Growout
Fry labor
Fry feed
Water pumping
Water aeration
Autofeeder operation
Maintenance

Total

3 Month to 1 Year Growout

Finger lahor

Finger feed

Water pumping

Water aeration
Autofeeder operation
Maintenance

Total

1 to 2 Year Growout
Labor
Feed
Water pumping
Water aeration
Autofeeder operation
Maintenance

Total

2 to 3 Year Growoul
Labor
Feed
Water pumplung
Water aeration
Autofeeder operation
Maintenance

Total

(dollars)

432
162
134
185

80
275
204

1,472

4,721

1,206
560
1,161
928
193
650

4,698

1,926
14,458
13,156
14,426
1,594
1,896

47,456

954
91,777
41,837
43,126
2,709
1,673

182,076

2,376
231,304
96,683
97,109
6,260
4,164

437,876
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Appendiz Table 9n

Aaneal Qpervating Costs

Total Rumber of Broodatock:

Harkaving Strvaregy:

15

30 percent

Gromeont Peripd

Annual Dparating Cost

Hatch Production
Fishing labor
Spawning labor
Fishing fusl
Pituitary extract
Water pamping
Wateyr aeration
HMaintenance

Total

Hateh to 1 Month OSrowout

Larval lahor
Larval feed
Hater pumping
Harer aerdation
Heintensnce

Tat sl

1 to 3 Month Growout
Fry labor
Fry feed
Water pumping
Water aeration
Autofeeder operation
Maintenance

Total

3 Honth to 1 Year Growout

Finger labor

Finger feed

Water pumping

Water aeration
Autofeeder operation
Maintenavce

Totsl

1 to 2 Year Growoul
Labor
Feed
Watay pusping
Water aeration
Auvtofeeder operation
Maintenance

Total

2 to 3 Year Growout
Labor
Feed
Water pumping
Water aeration
Autofesder operation
Maintenance

Total

{dollare}

1,080
486
338
554
239
276
236

3,207

11,088
388
272

2,349
40

14,137

3,636
1,679
1,549
2,783

551
1,949

14,187

5,832
43,543
19,861
41,766
4,822
5,775

141,719

2,862
275,337
126,242
126,166

8,174

4,994

343,775

7,128
693,933
290,856
289,799
18,833
12,531

1,312,980
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Appendix Table %o

Annual Opsrating Costs

Total Bumber of Broodstock: 20

Marketing Strategy:

50 percent

Growouk Perind

Annual Oparating Cost

{dollars)
Hatch Productison
Fishing labor 1,512
Spawniog labor 848
Fishing fuel 474
Pirultary extrack 738
Hater pumping 318
Water aeratlon 275
Malntenaace 252
Total 4,214
Jateh to ] HMoarh Srowosut
Larval labor 14,784
Larval feed 517
Water pumping 363
Water aeration 3,132
Maintenance 49
Total 18,845
I to 3 Hanth fvowgut
Fry labor 4,860
Fry fead 2,233
Watsr pumping 4,732
Water aeration 3,379
Antofeedar aparatien 788
Maintenarnce 2,598
Total 18,796
3 Month to ! Yeay Crowsut
Finger labor 7,776
Finger feed 58,192
Hatar pumping 33,225
Water asratise 55,755
Antofeadar operaiion 5,435
Maintenance 7,709
Tatal 189,091
1 o 2 Year Crowoyl
Labor 3,815
Feed 67,118
Water pumping 168,463
Water aeration 168,221
Autofeeder aperation 10,908
Mzinteaance 6,655
Total 725,181
2 to 3 Year {rowout
Lakor 9,304
Feed 925,247
Water pumplnog 387,324
Yater zeratbion 386,449
Autefesdar operation 253,118
Maintenange 16,575
Total 1,750,817
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Appendix Table 10a

Production Under a 10 Percent Marketing Sgrategya {(Per Cohort of Fish)

Number of Broodstock: 10

Age Body Weight Number Produced Number Sold Production®
{grams/fish) ) (kg)

Hatchling 0.016¢ 808,582 80,858 11.64
1 month 0.19 457,213 45,721 78.18
3 months 19.08 307,872 30,787 5,286.78
& months 102.80 277,041 0 28,424 .41
12 months. 537.32 277,041 O 148,859.67
18 months 1,415.41 277,041 0 392,126.60
24 months 2,814.08 277,041 0 779,615.54
30 months 4,795.52 277,041 ] 1,328,555.66
36 months 7,412.82 277,041 277,041 2,053,655.07

4For all stages after hatch, the number produced takes into account mortality
and any previous production sold,.
bproduction retained for continued culture or sold at the end of 36 months

growout.

CRaged on mean weight of 12 larvae at hatch (Beer, 1981).

Appendlix Table 10b

Production Under a 25 Percent Marketing Strategy® {Per Cohort of Fish)

Number of Broodstock: 10

Age Body Welght Number Produced Number Sold ProductionP
(grams/fish) (kg)

Hatchling 0.016€ 808,582 202,146 9.70
1 month 0.19 381,012 95,253 54.29
3 months 19.08 213,800 53,450 3,059.48
6 months 102 .60 160,324 0 16,449.34
12 months 537.32 160,324 0 86,145.83
18 months 1,415.41 160,324 0 226,925.61
24 months 2,814.08 160,324 g 451,167.38
30 months 4,795.52 160,324 o 768,841.74
36 months 7,412.82 160,324 160,324 1,188,460.37

A¥or all stages after hatch, the number produced takes into account mortality
and any previgus production sold.
bproduction retained for continued culture or sold at the end of 36 months

C%rowout.

ased on mean weight of 12 larvae at hatch (Beer, 1981).
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Appendix Table 10c¢c

Production Under a 75 Percent Marketing Strategyd (Per Cohort of Fish)

Number of Broodstock: 10

Age Body Weight Number Produced Number Sold Production®
(grams/fish) (kg)

Hatchling G.016¢ 808,582 606,437 3.23
1 month 0,19 127,003 95,252 .03
3 months 19.08 23,754 17,816 3,190.07
& months 102.60 5,937 0 609.14
12 months 537.32 5,937 0 3,190.07
18 months 1,415.41 5,937 0 8,403,29
24 months 2,814.08 5,937 0 16,707.19
30 months 4,745,52 5,937 0 28,471.00
7 44,009,911

36 months 7,412.82 5,937 5,93

3For all stages after hatch, the number produced takes into account mortality
and any previous production sold.

bproduction retained for continued culture or sold at the end of 36 months

T growaut.

CBased on mean weight of 12 larvae at hatch {Beer, 1981}.

Appendix Table 10d

Production Under a 90 Percent Marketing Strategy® (Per Cohort of Fish)

Number of Broodstock: 10

Age Body Weight Number Produced Number Sold Production®

{grams/fish) {ka)

Hatchling 0.016¢ 808, 582 727,724 1429
1 month 0.19 50,801 45,721 0.97
3 mounths 19.08 3,800 3,420 7425
& months 102.60 379 0 0.04
12 months 537.32 379 0 0.20
18 months 1,415.4]1 79 0 0.54
24 months 2,814,08 379 0 1.07
30 months 4,795.52 379 0 18.17
36 months 7,412.82 379 379 28,09

8For all stages afrer hatch, the number produced takes into account mortality
and any previous production sold.
Productlon retained for continued culture or sold at rthe end of 36 months
growout.

CBased on mean weight of 12 larvae at hatch {Beer, 1981),
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Appendix Table 10e

Equipment Requlrements

Total Number of Broodstock: 10
Marketlog Strategy: 10 percent

Number Required for

Equlpment Years 1-~10 Total Cost
(dollars)
Production Stage I
Boat 1 16,000
Fighing nets 30 15,000
Figh hauler 1 1,100
Brood tanks 4 6,380
Incubation system i 3,600
Aeratlon system 1 1,872
Total 44,052
Production Stage 11
Larval tanks 15 6,750
Freezer 1 600
Aeration system 1 1,622
Total 8,872
Production Stage ITL
i2-foot dlameter ranks 437 426,075
Automatic feeders 874 301,530
Aeration system 55 113,245
Total 840,850
Production Stage IV
12-foot dlameter tanks 1,137 1,108,575
30~foot diameter tanks 2,635 13,175,000
Automatic feeders 7,544 2,602,680
Aeration system (12~foot tanks) 142 292,378
Aeration system (30-foot tanks) 659 1,550,627
Total 18,729,240
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Appendix Table 10f

Equipment Requirements

Total Number of Broodstock: 10
Marketing Strategy: 25 percent

Number Required for

Equipment Years 1-10 Total Cost
' {dollars)
Production Stage 1
Reat 1 16,000
Fishing nets 30 15,000
Fish hauler 1 1,100
Brood tanks 4 6,380
Incubation system 1 3,600
Aeration system 1 1,972
Total 44,052
Production Btage 11
Larval tanks 13 5,850
Freezer 1 600
Aeration systenm I 1,622
Total 8,072
Production Stage III
12-foot diameter tanks 304 296,400
Autpmatic feeders 608 209,760
Aeration system 38 78,242
Total 584,402
Production Stage IV
12=-foot diameter tanks 606 590,850
30~foot dlameter tanks 1,525 : 7,625,000
Automatic feeders 4,262 1,473,390
Aeration system (l2-foot tanks) 76 156,484
Aeration system (30-foot tanks) 382 398,846
Total 11,741,570
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Appendix Table 10g

Equipment Requirements

Total Number of Broedstock: 10
Marketing Strategy: 75 percent

Number Required for

Equipment Years 1-10 Total Cost
(dollars)
Production Stage I
Boat 1 16,000
Fishing nets 30 15,000
Fish hauler 1 1,100
Brood tanks 4 6,380
Incubation system 1 3,600
Aeration system 1 1,972
Total 7 44,052
Production Stage II
Larval tanks 5 2,250
Freezer 1 600
Aeration system 1 1,622
Total 4,472
Production Stage III
12-foot diameter tanks 33 32,175
Automatic feeders 66 22,770
Aeration system 5 10,295
Total 65,240
Production Stage 1TV
12-foot diameter tanks 0 0
30-foot diameter tanks 56 280,000
Automatic feeders 112 38,640
Aeration system (12-foot tanks) 0 0
Aeration system (30-foor tanks) 14 32,942
Total 351,582
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Appendix Table 10h

Equipment Requlrements

Total Number of Broodstock: 10
Marketing Strategy: 90 percent

Number Required for

Equipment Years 1-10 Total Cost
(dollars)
Production Stage I
Boat 1 16,000
Fishing nets 30 15,000
Fish hauler 1 1,100
Brood tanks 4 6,380
Incubation system 1 3,600
Aeration system 1 1,972
Total 44,052
Production Stage II
Larval tanks 2 900
Freezer 1 600
Aeration system _ 1 1,622
Total 3,122
Production Stage III
12-foot diameter tanks 5 4,875
Automatic feeders 10 3,450
Aeration system 1 2,059
Total 10,384
Production Stage IV
12-foot diameter tanks 0 0
30~-foot diameter tanks 2 10,000
Automatic feeders 4 1,380
Aeration system (12-foot tanks) 0 0
Aeration system (30-foot tanks) 1 2,353
Total 13,733
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Appendiz Table 10i

Joint Egquipment Requivements

Total Number of Broodgrock: IO
Marketing Strategy: 10 percent

Number Reguired

appendix Table 13

Joint Equipmesnt Requiremenis

Tatal Number of Yroodstock: 10
Marketing Strategy: Z5 percent

Number Reguired

Joint Equipment for Years 1-10  Total Cosr
{dollars)
Emergency geunerater 1 4317 876
Wells 58 3,732,416
Stripping towers 53 232,000
Dffice and laboratory egquipment 10,000
Small tosls 2,000
Trucks 2 22,500
Total 4,416,792
Appendix Table 10k
Joint Equipment Requirements
Total Xusmber of Broodstock: 10
Harketing Strategy: 75 percent
Number Required
Joint Eguipment for Years 1~10  Total Cosk
{dollars)

Emergency generator H 18,538
Wellg 2 109,366
Stripping towers 2 8,000
3ffice and laboratory equipment 12,000
Small tools 2,000
Trucks 2 22,500
Total 170,404

Jelnt Equipment for Years I—-10 Total Cost
{dollars}
Esergency generatoy 1 252,400
Wells 34 2,178,055
Stripping rowers 34 136,000
Nffice and laboratoery equipsent 16,000
Small tools 2,000
Trucks 2 22,500
Total 2,590,955
Appendix Table 101
Joint Equipment Requirsments
Total Rusber of Broodstoeck: 10
Harketing Strategy: 90 percesc
Humber Required
Joint Eguipment for Years 1-10  Total Cost
{doiiars)
Emergency generator 1 5,123
Wells 1 23,179
Seripping towers 1 4,000
Offiee and lsberatoery equipment iG,000
Small teols 2,000
Trucks 2 22500
Total 86,804




Appendix Tabla 10m

Annual Opexating Costs

Total Numbay of Broodstock:

Marketing Strategy: 10 percent

Growoyt Period

Annual Operaring Cost

(dollava}
Hatch Production
Fishing labor 864
Spawning labor 324
Fishing fuel 264
Pitultary extract 370
Water pumplog 159
Warer aeratlon 275
Haintenance 220
Tokal 2,481
Hateh e 1 Month Groweal
Larval labor 13,398
Larval feed 456
Water pumplog 3z7
Water asration 2,B1%
Maintensznce 45
Total 17,088
i to 3 Month Growout
Fry labor 7,866
Fry feed 3,627
Watar pumping 7 B9
Warer aerarion 5,747
Autofeeder operation 1,280
Maiakanance 4,204
Total 30,458
3 Month ta 1 Year Growout
Finger labor 29,016
Fiager feed 169,687
Water pumping 155,391
Water aeration 161,125
Autofzedar operation 18,786
Maintenance 35,841
Fotal 559,846
1 to 2 Yaar Grewout
Labor 11,169
Feed 1,070,518
Water pumplng 491,958
Watar aeraticn 489,983
Autofeeder operation 31,855
Maintenance 19,463
Total 2,114,935
Z ko 3 Year Growout
Labor 27,720
Feed 2,698,025
Water pumping 1,131,863
HWater aeration 1,125,091
Autofeeder operation 73,289
Maintenance 48,343
Total 5,104,333




Appendix Table l0a

Anausal Operatisg Costs

Total Wumber of Hreodstock: 10

Marketlag Strategy:

2% percent

Growoul Period

Annual Operating Cost

{dollars}
Hatch Production
Fishing labor 864
Spawning labor 124
Fishing fael 269
Pitulfary extracy 370
Water pumping 159
Warer aeration 275
Malntenance 220
Toral 2,481
Hateh to 1 Honth Growout
Larval labor 11,088
Larvsl feed 388
Water pumplng 272
Water aeration 2,349
Hazintenance 40
Tatal 14,137
1 to 3 Honth Growout
Fry lahor 5,472
Fry feed 2,519
Hater pumping 5,331
Hater asration 4,084
Asurnfeeder operation 887
Mazintenance 2,922
Total 21,195
3 Month to 1 Year Groweout
Finger labor 15,858
Fingev feed 38,199
Wsrer pumping 89,863
Water aeration 93,684
Autafeeder operation 149,853
Halntenance 14,563
Total 322,932
1 to Z Year Growoul
Labor 6,462
Faad 619,514
Water pumping 284,544
Water aesration 283,378
AutcFzeder oparation 18,425
Mrintesance 11,972
Total 1,223,593
2 to 3 Year Growoul
teber 16,538
Fead 1,561,380
Yster pumplng 634,840
Water aeration 651,473
Autofesder operation 42,402
Halinlenance 7,273
Totral 2,954,085
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Appendix Table 100

Annual Operating Costs

Total Number of Broodstock: 19

Marketing Strategy:

73 percent

Orowoul Pericd

Anrgal Operating Cost

Hatch Production
Fishing labor
Spavning labor
Pishipg fuel
Pltuirary extract
Water punpiog
Water aeratlon
Maintenanae

Tatral

Hatch to 1 Month Orewout

tatvzl labdor
Larval feed
HWater pumplng
Water aeration
Halntenance

Tokal

1 Fo 3 Month GCrowout
Fry iabor
Fry feed
Yater pumping
HWater aaration
AutoEeeder oparation
Maintenance

Tatal

3 Hoath to ! Year Growout

Fiager labor

Finger feed

Water pumping

Hater acration
Autofeedur speratlon
Maintenance

Total

1 to 2 Year Srowount
Labor
Fead
Fater pumplog
Water aeration
Aurafseder operation
Maintenance

Total

2 o 3 Year Orownst
Labot
Fead
Water pumping
Hater aaration
Autkofeeder aparation
Maintenance

Total

{dollars)

864
324
69
370
159
275
220

2,481

3,696
129
91
783
22

4,721

594
280
5562
574

93
3z6

2,429

180
3,636
3,175
3,990

386

320

11,687

234
27,961
10,228
11,154

563

405

45,645

594
57,819
23,940
24,621
1,550
1,033

109,557
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Appendix table 10p

Aanual Operating Costs

Tot sl Number of Broodstock: 10

Marketing Strategr:

90 perceat

Growout Period

Annunl Dperating Cost

Hateh Production
Fighing labor
Spawnlng labor
Fighing fuel
Firuteary extract
Water pumping
Water aderattion
Haintenance

Total

Hatch to | Month (rowout

Larval laberx
Larval feed
Water pumplog
Wateyr azevation
Maintensnce

Totral

1 to 3 Honth Growout
Fry labor
Fry fead
Hater puomplnog
Water aeration
Autofeeder cperation
Maintenance

Toral

3 Mooth to ! Year Growoulb

Fiemer labor

Fingat fesed

Water pumpisg

Hater ageration
Autofesder operation
Haintenance

Toral

i to 2 Year Growout
Lakorz
Feed
Water pumping
Water geration
Autofseder operation
Maintenance

Toral

2 to 3 Year GQrowout
t.ahotr
Feed
Water pumping
Water aeration
Autofeader operation
Maintanance

Toral

{dollzrs}

B&4
324
169
376
159
275
220

2,481

90
43
75
177
12
52

431

512

18
1,464
e
1,223
20

40

3,073
18
3,691
1,135
2,753
28

7,720

&7
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Appendix Table 10q

Annual Joint Equipment Depreclation Costs

Total Number of Broodstock: 10
Marketing Strategy: 75 percent

Year of Operation

Joint Equipment 1 2 3 4 5 6 7 8 9 10
~dollars

Eme rgency generator 2,642 3,874 5,698 3.698 3,698 0 0 0 0 0
Wells 10,390 11,429 9,351 8,312 7,273 6,234 6,234 6,234 6,234 5,195
Stripping towers 760 836 684 608 532 456 456 456 456 380
Office and lab building 13,987 15,386 12,588 11,190 9,791 8,392 8,392 8,392 8,392 6,99
Offiqe and lab equipment 1,425 2,090 1,995 1,995 1,995 0 0 0 0 0
Small tools 285 418 399 399 399 0 0 0 0 0
Trucks (2) 5,625 8,550 8,325 0 0 0 0 0 0 0
Total 35,114 42,583 37,040 26,202 23,688 15,082 15,082 15,082 15,082 12,569
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Appendix Table 10r

Annual Joint Equipment Depreciation Costs

Total Number of Broodstock: 10
Marketing Strategy: 90 percent

Yaar of Operation

Joint Ecuipment 1 2 3 4 5 6 7 g 9 10
dollars

Fmergency generator 730 1,071 1,022 1,022 1,022 0 0 0 0 t]
Wells 2,202 2,422 1,982 1,762 1,541 1,321 1,321 1,321 1,321 1,191
Stripping towers 380 418 342 304 266 228 228 228 228 190
Office and lab bullding 13,987 153,386 12,388 11,190 9,791 8,392 8,392 8,392 8,392 6,994
Office and lab equipment 1,425 2,090 1,995 1,995 1,995 0 0 0 0 0
Small rools 285 418 399 299 399 0 0 0 0 0
Trucks (2) 5,625 8,530 8,325 0 0 a 0 0 0 0
Total 24,634 30,355 26,633 16,672 15,014 9,941 9,941 9,941 9,941 8,285






