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Abstract

An aquaculture production system was constructed at the Waikikt Aquarium in the fall of 2016
that produces mysid shrimp zooplankton (Americamysis bahia). From November 2017 to February 2018,
the Waikikt Aquarium (WAQ) required an average of 5,751 live mysids per week that were imported as
feed with current import rates of $0.08 per animal or $24,000 annually. Fixed and variable budgets were
used to evaluate the economics for the mysid culture system. Sensitivity analyses of labor costs, the sale
of excess mysid production, and the discount rate were also conducted using stochastic modeling of in-
house domestic yields to estimate the expected the net present values (NPV) of domestic production in
comparison with imports. The indirect benefits of domestic production were qualitatively evaluated.
Results showed that WAQ had a greater (>0) NPV across a variety of cost and benefit scenarios and a

less expensive $.05 mysid versus the imported $.08 mysid.
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Tables

Table 1. Mysid production parameters and schedule
Item Unit Quantity
Adult Stocking Size microns >1000
Naupliar Harvest Size microns >200 - <1000
Adult Stocking Density (in a static
system) per liter 15
Adult Stocking Density (in a flow-through
system) per liter 20
Trough Volume to Stock (per trough/12
troughs total) liter 500
Current Weekly Adult Re-stocking
Density (per trough, 2 troughs stocked
per week) individual mysids 1500
Typical Life Span days 45
Typical Age at Sexual Maturity days 14
brood size/individual mysid
Hypothetical Adult Fecundity babies incubated 7 to 20
Hypothetical Time Spent Carrying Brood days 4
Hypothetical Naupliar Survival percent 50
Naupliar Removal Frequency (to feed or
grow out) days 14
Adult Re-stocking Addition Frequency days 30-45
Table 2. Artemia sp. requirements for feeding mysids
Volume Volume of Volume of
ofa Artemia Hatch [# of Artemia Artemia Hatch (L)
# of Single (mL) Needed |[Needed Per# [Volume of Artemia |Needed Per Feed/
Artemia  |Mysid Total # |Average |Average [Per Mysidto [Mysidsto Meet|Hatch (L) Needed |Trough,
Required  |Breeding |of # of #of Meet the 150 |the 150 Per # Mysids to Depending on
# of Adult Mysids  [Per Trough |Mysids/ |Artemia |Artemia/ |Artemia/Mysid|Artemia/Mysid/|Meet the 150 Density (@ 2
Stocked/ L Mysid/Day [(MB) (L) (MB /L mL /Day Day Artemia/Mysid/Day |feeds/day)
1 150 500 500| 232244 232 0.65 75000 0.3 0.2
5 150 500 2500] 232244 232 0.65 375000 1.6 0.8
10 150 500 5000] 232244 232 0.65 750000 3.2 1.6
12 150 500 6000] 232244 232 0.65 900000 3.9 1.9
15 150 500 7500] 232244 232 0.65 1125000 4.8 2.4
20 150 500 10000 232244 232 0.65 1500000 6.5 3.2




Table 3. Start-up cost budget

Item Total ($)
Construction Labor $7,273.00
Equipment
Mysid System $16,895.20
Artemia System $8,500.60
Miscellaneous Start-up Maintenance Equipment
Cleaning Supplies $50.00
Artemia Cysts and Feed (1 bag or can of each required feed) $137.50
Initial Mysid Stocking (1500 per 6 adult troughs @ .08/mysid) $720.00
Total Start-up Costs $33,576.30
Table 4. Hourly labor cost
Fringe
Benefits/ Hourly
UH Pay Scale Union Salary
APT Band A|Step 24 40% $44.67
APT Band A|Step 1 40% $27.82
Contract Hire N/A $17.64
Volunteer/Intern N/A N/A

Table 5. Federal discount rates (low, mid, high)

) Year
Risk
2018 2016
Low 0.022 0.012
Mid 0.023 0.013
High 0.024 0.014
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Table 6. Calculations used for NPV simulation model with preset value ranges for labor, yield, and interest rate

*Year 0isstart up equipment and laior costs. Years £-20 covers annual costs. Benefts nclude cost savings from stopping mysid imports and elling excess mysic,

Sart-up Bucet §33576.30
Current Annual Costs §25410.36
Benefits(not importing + seling excess at current mport price of 08mysic §35,005.44
Table 7. Annual Labor Classifications and Costs
Volunteer Contract Hire Current Labor Cost |[APT Step 1 APT Step 24
$0 $18,617.07 $19,750.15 $29,356.97 $47,143.40
Tale 8 Amual vt from eling s i
Pric 10 Sl Bces Proution per My
2 1 1 2 1 1/ 1
Tl AnnualLstProft fom Seling Lot Eoes of 406 Wyscs e ek
1 A R ) I O AL
Tl AnnualPrfitrom Seling Average Bicss o 2664 My or Week
00 SIS | S8nLL| SOALLER| SLLIRLL| SI3LAD| SIBGB3G| SISNNL| SLL64| SO SUTRED| SNATL6| SRS
Tt Al Prfitfrom Seling e Exes of 954 My per Wk
00 SS2L06 | S50 | SBIOAE | SERIGOON| LMD | SGRLG| SHTOBLL| LMD\ SLuOM| SRTLED| SNSRT| SH0RE
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Table . Calulations sed for NPV simulation mocel withoutprest valu ranges for abor cost andseling encess mysics ot theintrest e of 2 3% micrange vl

*Year st up eipment an o, Years -0 overs il cos.Benefis ol el sy

St B ST
Al ot M i aerae st ndne th o ove th imdtons i previosy plis e ot The anc
o veschosen B 12000 encompas e st kot ut a to en htte atruton emas ove 1) stasonn
Boneit (e iaverae proitfrom eling ik over the st Smulions o previowly (2021.76) S0
Tole 10 Iport NPV at the interest e of L 3% i ange vl
*Ye S vt et mportaton ony, e -2 over il ot Beefs s ot g romstopoingeans s
St ap et il
Aonual Cost Cent st ofimporting e required amountofmyid erweek exrapolated forthe e AL
Benet aborsavings fom notharvestigr mantaningmyseseach weeh extraplted forthe eary ttal NRIR
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Table 11. Waikiki Aquarium daily mysid feed usage and costs

Artemia
Live Artemia Algamac Decapsulated Cysts| Artemac
Cysts (9) (mL) (9) (size 0) (9)
Per Breeding Trough Adult/Baby Paired System
8 10 1.25 [ 2
Per Adult Trough (MB)
6 | 7.5 1.00 [ 125
Per Naupliar Trough (MB)
Mysid Feed 2 | 2.5 | 0.25 | o075
Requirements: Per 2 Grow Out Troughs (MT)
8 | 20.0 | N/A | 2
TOTAL FEEDSUSED PER DAY
56 | 80 | 7.5 | 14
TOTAL FEEDSUSED PER WEEK
392 560 525 98
Per Bag of
Per Economy Per Bag of Per Can of Artemac
Costs of Feed: Grade Can Red Algamac Decapsulated Cysts (size 0)
osts of Feed: $38.50 $42.00 $19.50 $37.50
Per gram Per mL Per gram Per gram
$0.0848 $0.0042 $0.0430 $0.0375
Mysid DAILY Feed
Costs (With
Production): $4.75 $0.34 $0.32 $0.53
Mysid DAILY Feed
Costs (Import Only): $0.68 $0.08 N/A $0.08
TOTAL DAILY Feed
Costs (With $5.93
Production):
TOTAL DAILY Feed $0.84
Costs (Import Only): ’
Table 12. Weekly labor hours
Average
Activity Hours/Week
Decapping 2.9080
Making Algamac 0.2563
Artemia Maintenance 5.0170
Making Mysid Feed Cups 0.7246
Feeding Mysids 1.8259
Harvesting/Counting Mysids 41126
Wiping/Cleaning Mysid
Tanks 49391
Acid Wash Mysid Troughs 0.2819
Modifying System 0.1750
Total Hours Per Week 20.2403




Table 13, Actual labor costs per day to maintain on-Site mysid system

Meking Harvesting | Wining Cle | Acid Wagn
Meking | Artemia | MysFeed | Feeang | Counting | mingMysid | Mysid | Modifying
Decapping | Algamac | Matenance | Cips | Mysis | Mysiss | Tanks | Trougns | tem
Per APT
Employee: 0197) 0067, 02064 00033 009%4) 02764 00129 0043 00250
Average howsper | Per Contrac
eyl sk Employee: 02238 00000 04203 O0U3B) 0138) 030%| 04582 00000 00000
Per Sucent
\oluntegr 00000 00199 00000 00664 00306) 00053 0235 00000 00000
Average hours per sk TOTAL: 045 00366 07167 0103 02608) 0567  070%| 00403 00250
Average Total Hours for APT Employes per 09581
Average Total Hour or Contract Employee L5560
Average Total Hours for Volunteer per Day: 0.3768
Cost per ey (per APT, Band A sep 1 §26.65
Cost pr day (percontractemployee) §21.46
Costper cay (per voluntegr) $000
Total Costper Day for Current Mix of Lator, 1l




Table 14. Annualized cost budget

Cost per Total Cost
Item Unit ($) Unit per Year ($)
Operating Expenses
Hatching Artemia Cysts 4.75 day 1,733.35
De-capsulated Artemia Cysts 0.32 day 117.58
Artemac Enrichment Feed 0.53 day 191.63
Algamac Enrichment Feed 0.34 day 122.64
Labor APT Band A step 24 129.16 day 47,143.40
Labor APT Band A step 1 80.43 day 29,356.97
Labor Contract Hire 51.01 day 18,617.07
Labor Intern/Volunteer 0.00 day 0.00
Actual Current Labor 54.11 day 19,750.15
Miscellaneous Supplies 50.00 quarter 200.00
Fixed Cost
Electric 4.14 day 1,511.19
Water 0.39 day 143.99
Sewer 0.35 day 128.29
Equipment Depreciation (Annual Expense, Non-Cash, Straight Line)
Tanks| 6,615.16 Total Value 330.76
Pumps| 2,285.92 | Total Value 114.30
Stands| 6,000.00 Total Value 300.00
Plumbing and Construction Materials| 16,529.85 | Total Value 826.49
Total Operating Expenses (APT step 24) 52,863.61
Total Operating Expenses (APT step 1) 35,077.18
Total Operating Expenses (Actual Mix) 25,470.36
Total Operating Expenses (Contract Hire) 24,337.28
Total Operating Expenses (Volunteer) 5,720.21
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Table 15. Mysid production over 13-week study
Cretest Production/Wegkly Harvest (mysidshegkly harvest) 13705
Average Procction/Wegkly Harvest (mysidshweekly harvest) 8415
Least Production/Wegkly Harvest (mysidsiweekly harvest) 4855
Average LIVE FEED Production RequiredWeek (mysidslegk) 2151
Average TOTAL Prociction Required/Week (LF mysids + restocking/week) H75]
Createst Adaitional # Mysics Produced/Week 1954
Average Autitional # Mysids Produced/Week 2064
Least Additional # Mysids Procicea/Week -89
Table L6. Expected NPV, based on actual current labor costs and a range of current 2018 interest rates
Year 0 l 2 3 4 R 15 16 17 18 19 i
Cost | -$33,576] -$254701 -$25,470| 25470 -$25.470] $25.470| -$25.470) -$25,470] $5470| -$25,470] 25470 -$25.470] $25410
Bengfit §0| 835,005 $§35,005| $35,005( $35,005| §35,005| $35,005| $35,005| $35,005) $35,005| $35,005| $35,005 $35,005
Net | -§33576) $9535) 99535 $9535| 99535 99535 99535 $95%| $95%| $95%| $953| $9535( 9,535
§119,368.15 002
NPV $11791482 003
§116,481.41 0.04
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Table 21, On-site production NPV simulation model without preset valug ranges for labor costs and selling excess mysids, at the interest rate of 2.3% mid-range discount rate)

Yer 0 l / 3 4 5 15 16 17 18 19 i
Cogt 33576 -$29500| -$29500) -S29500] -$20500[ 829500 829500 -$29500( -$29500) -$29500] -$29500[ 829500 -$29,500
Bengfit S0 $44000) S44.000] S44000[ SA4000f 44000 S44000| $44.000) S44000[ 44000 44000  S44000|  $44.000
Net 33576 14500  S14500) SL4500[ $14500[ $14500[ $14500( $14500| S14500| SL4500] $14500[  $145001 $14500
NPV §199,006.39 0023
Table 22. Import NPV at the interest rate of 2.3% (mid-range discount rate)
Year 0 1 2 3 4 9 15 16 1 18 19 2
Cost 90.00($28,242.01($28,242.01($28,242.01| $28,242.01| -$28,242.01| -$28,242.01| -$28,242.01| -$28,242.01| -$28,242.01| -$28,242.01| -$28,242.01( -$28,242.01
Benefit 50.00] $26,137.63| $26,137.63| $26,137.63| 526,137.63| $26,137.63| $26,137.63| $26,137.63| 526,137.63| $26,137.63| $26,137.63| $26,137.63| 526,137.63
Net 90.00( 62,104.38| $2,10438| $2,104.38 $2,104.38 $2,104.38 -$2,104.38| -$2,104.38| -$2,104.38| -$2,104.38| -$2,104.38| -52,104.38| -$2,104.38
NPV -$33,433.90 0.023
Table 23. Daily costs and equivalent cost per mysid
Cost of Cost of Cost of
Labor Labor Labor
Cost of Labor (APT, step| (APT, step | (Contract | Cost of Labor | (Current Cost of Cost of Cost of
Cost of Feed 24) 1) Hire) (Volunteer) Mix) Electric Water Sewer
$5.93 $129.16 $80.43 $51.01 $0.00 $54.11 $4.14 $0.39 $0.35
Total Daily Costs (with APT step 24) Total Weekly Costs (with APT step 24) Cost per Mysid (with APT step 24)
$139.97 $979.78 $0.12
Total Daily Costs (with APT step 1) Total Weekly Costs (with APT step 1) Cost per Mysid (with APTstep 1)
$91.24 $638.68 $0.08
Total Daily Costs (with contract hire) Total Weekly Costs (with contract hire) Cost per Mysid (with contract hire)
$61.82 $432.71 $0.05
Total Daily Costs (with volunteer) Total Weekly Costs (with volunteer) Cost per Mysid (with volunteer)
$10.81 $75.67 $0.01
Total Daily Costs (with current mix) Total Weekly Costs (with current mix) Cost per Mysid (with current mix)
$64.92 $454.44 $0.05
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Figures

Figure 1. Economic Model (Modified from Leung and Rowland, 1989)
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Figure 2. Mysid collection diagram
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Figure 3. Simulated start-up cost for on-site production random variable NPV
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Figure 4. Simulated annual costs for on-site production random variable NPV
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Figure 5. Simulated annual benefits for on-site production random variable NPV
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Figure 6. Simulated annual costs for importation
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Figure 7. Simulated annual benefits for importation NPV
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Figure 8. On-site production random variable NPV simulations below and above $0.

NPV

0 0 NPV/1
| 50 T ¢ Ve Dt

! Minmm 225883145

Maximum 2587 692.74

6- Mean 196,344.58

90% Cl 13759987

Mode 268713040

51 Median 206,374.81

Std Dev 72219843

N Skewness 0.0269

é“' urtoss 29331

X Values 1000

§ Errors 0
Rl

> Filtered 0

Left X 0

24 LeftP 390%

Right X o

Right P 1000%

3 DifX o

Dif.P 61.0%

; 19% 146200572

s 8§ 8 8 ° § 8§ 8§ § g ¢g” FALE

cgi § cgi g g ::85 g ::8? g cgi 10% -112,366.46

@ @ 3 S S S 45 54007538

20% 424657178

XXV



Figure 9. Import NPV simulations below and above $0.
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Figure 10. On-site production random variable NPV inputs ranked by effect on output mean.
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Introduction

Interest in Syngnathidae (the scientific family for the seadragons, seahorses, and pipefishes)
culture research and production has recently increased due to the over-exploitation of their wild stocks in
most producing countries (Thangaraj and Lipton, 2008; Woods and Valentino, 2003). “These animals are
used in traditional Chinese and southeastern Asian medicines and they are also readily collected to
supply the aquarium trade world-wide” (Woods and Valentino, 2003). The Waikiki Aquarium has
developed nine new Syngnathidae exhibits to establish a husbandry network to perpetuate their stocks

with successively aquacultured generations.

One of the biggest difficulties with Syngnathidae husbandry lies in their unique feeding behavior
and diet (Thangaraj and Lipton, 2008). A second difficulty with raising syngnathid species is their lack of a
true stomach, forcing them to constantly consume food to maintain energy reserves. The third difficulty in
raising seadragons, seahorses, and pipefish is that they must be treated as a true culture, by using
nutritional supplementation to create self-perpetuating life cycles within an artificial environment, while

maintaining genetic variation.

Due to their high nutritional content and diversity as a prey item, mysid shrimp provide an
excellent aquaculture opportunity for the Waikiki Aquarium to become more self-sustainable in their
husbandry practices. Artemia sp. (fairy shrimp) are an alternative live zooplankton food source, separate
from mysid shrimp (opossum shrimp), used for the rearing and husbandry of aquatic animals, and
although they are generally considered easier to produce, additional enrichment is usually required prior
to feeding them out to ensure that they match the nutrition provided by the same volume of mysid shrimp
(Woods and Valentino, 2003). “Omega-3 highly unsaturated fatty acids (HUFAS) in mysid levels [are]

approximately twice that of Artemia” (Woods and Valentino, 2003).

The non-penaeid shrimp, “[Americamysis bahia, formerly] Mysidopsis bahia is an estuarine mysid
found in brackish waters of the northern Gulf of Mexico from southeastern Florida to Mexico” (McKenney
and Celestial, 1995). Mysids are cultured in laboratories because they are readily available for

broodstock collection, they serve as excellent biological vectors for environmental pollution assays, they



have short life spans, and they provide an excellent food source for aquatic animals (Cripe et al., 2000;

Thangaraj and Lipton, 2008).

Mysids, particularly Americamysis bahia, are cultured as bioassay organisms in several locations
across the United States (Cripe et al., 2000); a few of these locations also ship mysids to aquariums to
feed their aquatic residents. Select companies also collect wild caught mysids and tend to sell them at
more affordable rates. Laboratory cultured mysids can costas much as $.25 per animal, whereas mysids

from some culture facilities and the wild can cost as little as $.08 per animal.

Much of the biology of Americamysis bahia is known (Wortham-Neal and Price, 2002), including
the most efficient feeding density requirements along with other environmental parameters such as
dissolved oxygen, temperature and salinity, however many biological factors have not been optimized
(McKenney and Celestial, 2003; Modlin and Froelich, 1997). Each aquaculture system is unique relative
to flow rates, local water quality, feed quality, cleaning regimens, etc. to optimize zooplankton fecundity,
growth, and survival. To elucidate actual production estimates and the net benefits of producing mysids

on-site, production optimization and cost-benefit analyses must be performed for each system design.

The Waikikt Aquarium (WAQ) relies on unpredictable air shipments from the United States
mainland to obtain live Americamysis bahia zooplankton as animal feed for residents such as the weedy
seadragon, Phyllopteryx taeniolatus. The Waikikt Aquarium now purchases mysids at a rate of $0.08 per
animal. Currently WAq requires and imports ~6,000 mysids per week for an estimated annual total of

~$24,000, not including shipping costs.

The overall goal of the pilot project described in this thesis is to develop a production system
capable of producing enough mysids to meet the demand for feed at WAQ at a cost that is competitive
with the price of imports. The bio-engineering portion of the project involved designing and building a
breeding system and optimizing the production of mysid hatchlings. The financial analyses investigated
the start-up and maintenance costs based on several economic projected outcomes for the variable

production parameters.



This study determines whether on-site production costs are competitive with importation. Fixed
and variable budgets were used to evaluate the mysid culture system and the net cost of on-site
production versus the cost of importation. Sensitivity analyses of labor costs, the sale of excess mysid
production, and the discount rate were also conducted using stochastic modeling of in-house domestic
yields to estimate the expected the net present values (NPV) of domestic production in comparison with

imports. The indirect benefits of domestic production were qualitatively evaluated.



Methods

An economic model is an important tool that details key design features and the financial matrix
of an aquaculture system to predict the behavior of production outcomes as variables change (Salazar, et
al. 2018). The mysid production system described in this thesis is based on the Leung and Rowland,

1988 model shown in Figure 1 below.

The biological patterns in the mysid production are discussed below and condensed in table 1.
The Waikikt Aquarium has little vacant space, with the new live feeds deck providing roughly 1,850
square feet. It houses four hatching cylinders of Artemia sp. zooplankton and the modular mysid
production system. The available space for the mysid production was roughly 120 square feet, with
vertical space creating unique potential for system design. Ergonomics and cross-contamination
prevention are of the utmost importance as these and other species maintained on the live feeds deck

can be responsible for culture crashes from accidental introduction.

Americamysis bahia is a benthic species (Cripe et al., 2000). Imported mysids have been housed
in 500 liter bare troughs that are roughly three feet deep, stocked at a density that varies between 12/L
and 20/L in a flow-through system however they are rarely seen in the water column unless they are

swimming after prey (USEPA, 1990).

System Design

The mysid aquaculture system is composed of four, three feet by eight feet wide, ten-inch-deep
troughs, stacked one on top of another fit into the available space. Each trough when filled with salt water
weighs 1500 Ibs. The four tiers of these tanks are supported by stands of large stainless steel beams
welded together with several cross beams for each layer. The top tank is for adults and the one below is
for the continual collection of planktonic mysid hatchlings. The system is repeated in the lower two
troughs to provide two production systems per four-tiered tank stand module. Three “four-tiered tank
stand modules” yields six adult-hatchling collection systems, with the adult tank density stocked with up to
20 mysids per liter, while naupliar and juvenile mysids may be stocked at a higher density (USEPA,

1990). Salt water continually filters into the system in the evening at a rate of not less than two turnovers



per tank per day. Each trough is fed a diet of newly hatched Artemia sp. enriched with Algamac®©
preserved micro algae at a recommended density of 150 Artemia per mysid per day, split between two
feeds alongside additional non-hatching decapsulated Artemia sp. cysts and a prepared micro-algae diet

of Artemac®© which is a powdered Artemia sp. replacement (USEPA, 1990) (see Table 2 below).

Mysids are cannibalistic, voracious predators that continually produce offspring (Wortham-Neal
and Price, 2002) and therefore the aquaculture system must ideally continually collect hatchlings. Mysid
adults and newly hatched young are continually separated during their nightly brood release using
differentially sized micron screens and vigorous flow patterns. Adults are contained in the top tank
by1000-micron mesh on the effluent pipes and the planktonic hatchlings are swept into the lower tank and
contained by 250-micronscreens on the drains. The young must be removed every two weeks to a
separate grow-out tank. Age classes can span no more than two weeks or the chance of cannibalism
increases (USEPA, 1990). Mature breeding adults must also be replaced periodically before senescence
or losses due to reduced densities and subsequent production will occur. The addition of air from small
pumps and the water pressure from the main well-water system at WAq plus the addition of strategic
valves dictate currents, flow rates, and patterns. Production of mysid hatchlings for each four-tiered set-
up was tracked during each tank’s bi-weekly harvests when the young were 14 days old. The system is

scheduled to operate with staggered weekly harvests.

Systems Costs

Costs for each tank stand, trough, initial stocking costs of the mysid broodstock for each of the
adult production tanks, the PVC used to create the system, manpower, feed and maintenance costs,
Artemia sp. production, and any indirect costs such as utilities were recorded (see Table 3). Annual totals
were extrapolated from quarterly or 13 week costs. These costs do not reflect future changes that may
lower initial costs and boost fecundity and survival by further optimization of male to female ratios, feed
density and frequency, flow rates, air rates, substrate addition, hypo-salinity water, cleaning protocols, or
the handling of adults or nauplii. Many factors affect yields of production, including mysid fecundity,

survival, sex-ratios for production optimization, and system maintenance routines. During this trial period,



the Waik1kt Aquarium continued to import the required 6,000 mysids per week (for adult re-stocking and

as direct feed) to account for the risk of catastrophic failure.

The University of Hawaii (UH) pay scale for “Administrative, Professional, and Technical (APT)”
bargaining unit 08 and UH “Casual Hire” pay rates were used to calculate labor costs as employees who
worked with the mysid project are in these categories. To protect the identity of employee’s pay rates and
to estimate a large variety of labor scenarios, annual labor cost totals for volunteers/un-paid internships,
contract hires, UH APT step-1 employees, the current actual mix of labor hours, and UH APT step-24
employees were estimated for the sensitivity analysis. Different hourly labor scenarios were evaluated
because large differences exist between employees paid rates negotiated by a union and internship or
volunteer labor (see Table 4). Daily labor hours for harvesting, counting, and maintenance were tracked
for each labor type. Tracking daily hours were then extrapolated for weekly and then annual costs, per
each labor classification and pay rate. Although it was noted that the tallest or highest mysid tanks
required the most maintenance due to the proximity to the sun and the subsequent algae growth, this was

not accounted for, and all mysid maintenance fell under a general daily total.

To extrapolate weekly yield and annual production totals, the harvests from each tank were
counted (see Figure 2). Samples from each bi-weekly harvested baby mysid tank were generally
condensed from each 500 liter trough into a 1 liter sub-sample by draining them through a one inch line
into a 100 micron screen submerged in a water bath. Each 1 liter sub-sample was then further reduced to
50 mL beakers. The 50 mL beakers were each counted five times, averaged, and then extrapolated for

annual harvest totals.

A 2.2% 20-year nominal interest rate was used as the baseline discount rate, based upon federal
government funding recommendations for a government owned facility (USWH, 2018) though possible
higher discount rates such as 2.3% and 2.4% were also analyzed. Lower nominal rates from 2016
ranging from 1.2%, 1.3%, and 1.4% were also investigated. These 2016 and 2018 discount rates were

described as low, mid, and high risk scenarios (see Table 5).



Sensitivity Analysis

Using Palisade version 7.5 Monte Carlo simulation analytical software, sensitivity analyses were
conducted to determine how differing assumptions about specific variables such as labor, yield, and
discount rate affect NPV. The @Risk software application operates by calculating NPV simulations for
every variable combination and allows one to assess the impact of risk. The @Risk software essentially
allows the operator to run multiple input variable combinations to assess humerous NPV outcomes
simultaneously. The operator creates various tables reflecting the chosen variables to be evaluated and
plugs them into the software’s NPV calculating formula. Annual net production costs with the current labor
mix and benefits of domestic production such as ceasing importation and selling possible surplus mysids
were used to calculate the current production’s expected NPV by using values in table 6. An annual cash
flow was constructed from initial assembly of the system or Year 0 to twenty years of operation or Year
20, similar to the analysis conducted in the Center for Tropical and Subtropical Aquaculture’s 2001
publication 146 that details an economic analysis of a fish (Polydactylus sexfilis) hatchery in Hawaii (Kam,
Lotus E.Y.W., Leung, P., Ostrowski, A.C. et al., 2001). Parameters for each variable were chosen based
on the potential for each to impact the economic cost of on-site production. Annual labor totals were
compared if solely done with volunteers/un-paid internships, contract hires, UH APT step-1 employees,
the current actual mix of labor hours, or UH APT step-24 employees (see Table 7). The sale of excess
mysids for the lowest, average, and weekly mysid production were examined. The range of mysid sale
prices spanned in $.02 increments from: not selling at $0.0/mysid, to the current WAq purchase price of
$.08/mysid and beyond to the highest market price of $.25/mysid (see Table 8). Discount rates from 2016
and 2018 varied from low, mid, and high-risk scenarios (see Table 5). Each simulation consisted of 1000
trials for each model with 65 possible combinations of labor, yield, and discount rate for which to calculate
NPV. Results from these analyses were condensed to showcase fourteen to fifteen different outcomes
across the entire range of 65 possibilities, from lowest to highest. NPV input and output variables for each
category (labor, sale price, discount rate) varied amongst specified ranges within themselves and as

combinations between themselves.



“A stochastic model predicts a set of possible outcomes weighted by their likelihoods, or
probabilities” (Taylor and Karlin, 1998). Stochastic modeling with Palisade version 7.5 Monte Carlo
simulation analytical software addressed scenarios of mysid production to project net present values for
the 20-year operation. The stochastic model simulation was completed based on the discount rate of
2.3% and certain cost and benefit values shown in table 9, so that results could be directly compared
with the import NPV analysis at a mid-range rate. This simulation did not include a defined range of
various values for labor costs, sale of excess mysids, and discount rates and instead allowed the
program to assign random variable values contained within a specified and uniformly distributed range
to complete the analysis. Triangular parameters were set at minimum, most likely, and maximum values
and ran at 1,000 iterations for an average result; Normal parameters are the mean and standard
deviation and all choices are based off of the 1,000 realistic input value NPV simulations. The annual
benefits are an average profit of these NPV simulations from selling mysids ($20,221.76) plus the
simulated fixed benefits ($23,932.20). Standard deviation was chosen to be 44,000 to encompass the
highest profit seen in the simulation model ($123,189.12). The annual cost includes average cost from
these NPV simulations plus the fixed cost. The standard deviation was chosen to be 12,000 to
encompass the highest labor cost but also so that the distribution remains above zero. Stakeholders can
determine their expected outcome and standard deviation based upon these scenario estimates. The
NPV was also calculated for import costs and benefits using the appointed mid range discount rate of
2.3% (Table 10) to facilitate a comparison with the random variable NPV simulation above. Triangular
parameters were set at minimum, most likely, and maximum values; Normal parameters are the mean
and standard deviation. Lastly, costs were calculated on a per unit or mysid basis to facilitate a

comparison between on-site production and importation cost.



Results

The 13-week pilot study provided more precise and information on the variability of cost and
benefit data for which to predict NPVs. Current mysid feed requirements are in table 11. Labor rates are
most accurately portrayed by daily maintenance tasks and the time per week required for completing
them as shown in table 12. Each task requirement was then extrapolated for each labor classification’s
hourly cost as shown in table 13. The Waikiki Aquarium’s annualized mysid production cost budget is
shown in table 14 and is based upon the variety of maintenance and labor requirements that were

clarified in the 13-week pilot study.

Production yields are condensed into table 15 and showcase the minimum required number of
mysids for direct live feeds versus those required for weekly adult restocking. Table 15 also describes the
lowest, average, and highest weekly mysid production as well as the predicted weekly overage (extra

mysids) above dragon feed requirements for each scenario.

The Monte-Carlo sensitivity analyses estimated the expected NPVs for the variety of preset labor
and excess mysid sale combinations for the lowest, average, and highest weekly production totals using
the 2018 discount rates in table 17, 18, and 19, respectively. Monte-Carlo NPV analysis for the variety of
preset labor and excess mysid sale combinations for average production using previous 2016 interest

rates are shown in table 20.

Monte-Carlo analysis for on-site production NPVs without preset labor and sale price data are
shown in table 21. The import NPV is described below in table 22. Monte-Carlo analysis shows the
percentage of NPV inputs (start-up costs, annual costs, and annual benefits) for simulations without
preset labor and for importation simulations fall within bell-shaped normal distributions as seen in figures
3-7. Monte-Carlo analysis shows the percentage of NPV simulations below and above $0.00 for on-site
production NPVs without preset labor and sale price data along with importation NPV results in figures 8
and 9, respectively. Monte-Carlo analysis showing the NPV inputs ranked by the effect of the output
mean for on-site production NPV simulations without preset labor and sale price data along with
importation NPV results are in figures 10 and 11, respectively. The on-site cost per mysid for each type of

labor is shown in table 23.



Discussion

Annual volunteer labor totals $0.00 per year. Contract hire labor costs $18,617.07 per year.
Projected annual labor costs for APT step 1 and 24 are $29,365.97 and $47,143.40, respectively. The
Waikiki Aquarium’s actual mix of current volunteer, contract hire, and APT labor equals $19,750.15 per
year, which is slightly more than contract hires that do not receive any fringe benefits (see Tables 7, 12,

13).

Annual general operating expenses totaled $1,933.35. Utilities cost $1,511.19 per year while
depreciation is $330.76 per year. Labor is the highest annual cost with differing totals for each type of

labor (see Table 14).

Annual costs vary as labor costs vary (see Table 14). Volunteer labor plus current general annual
expenses total $5,720.21, while annual costs for contract hire labor plus current general annual expenses
total $24,337.28. The Waikikt Aquarium’s actual current mix of volunteer, contract hire, and APT labor
plus general annual expenses is slightly larger than the annual contract hire cost total, at $25,470.36 per
year. Projected annual costs for APT step 1 and 24 plus general annual expenses are $35,077.18 and
$52,803.61 per year, respectively. Importation with reduced overall maintenance needs costs $28,242.01
per year, which means that volunteer, contract hire, and the current labor mix are under this annual

import cost, whereas APT step 1 and 24 are above it.

Production (see Table 15) was on average 8,415 mysids per week. On average, the minimum
amount required per week is 2,751 mysids as direct animal feed needs. Restocking amounts require
3,000 additional mysids per week. In total, weekly feed use and restocking requires 5,751 mysids per
week. The Waikikt Aquarium can be self sustainable with supporting both direct animal feed and
restocking needs for continued production as the average weekly yield allows for an average excess of
2,664 extra mysids produced each week. Theoretically, these extra 2,664 mysids could be sold for a
profit. In comparison, WAQ's lowest weekly production of 4,855 mysids per week didn't support the weekly
5,751 required mysids and had -896 total mysids for the week. The greatest weekly production in this

trial was 13,705 mysids produced, with an excess of 7,954 extra mysids per week. A larger excess of
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production yield is possible: it can either be sold, frozen for later use (which could further reduce imports

of mysids, albeit frozen feeds), or used to expand the mysid production area.

The current projected NPV for this 20-year project is $119,368.15 at the current 2018 discount
rate of 2.2%. Increased discount rates to the mid and high risk scenarios total $117,914.82 at 2.3% and
$116,481.41 at 2.4%, respectively (see Table 16). The difference among NPV results between 2018
discount rates for the current projected NPV is minor with the 2.3% rate at ~$1453 less than the 2.2%,

while 2.4% is ~$1433 less than the 2.3%.

The Monte-Carlo NPV sensitivity analyses results for the variety of preset labor and excess mysid
sale combinations for the lowest, average, and highest weekly production totals using the 2018 respective
range of discount rates in table 17, 18, and 19 have varying outcomes. For selling the least, average, and
highest production per week, the mysid sale prices range from not selling them ($0.0/mysid) to the current
WAQq purchase price of $.08/mysid and above to the most expensive price on the market of $.25/mysid,
represented at $.24/mysid (see Table 8). Annual profits range from $0.00 (not selling/selling at
$0.0/mysid) to $99,265.92 for selling the highest excess production at $.24/mysid. Table 17 shows the
lowest possible weekly production scenario with fluctuating labor and sale costs and has NPVs that range
from -$677,148.48 to $252,403.04: The lowest NPV reflects APT step 24 labor and lost profit from selling
-896 mysids per week at $.24/mysid, with the highest NPV reflecting volunteer labor and not selling the
lack of excess production. For the lowest production using 2018 discount rates, there is ~$6,000
difference in NPVs between low, mid, and high risk rates. Table 18 shows the average possible weekly
production scenario with fluctuating labor and sale costs and has NPVs that range in quantity from -
$497,785.84 to $776,110.24: The lowest NPV reflects APT step 24 labor and zero profit from not selling
excess mysids per week at $0.00/mysid, with the highest NPV reflecting volunteer labor and selling the
excess production at $.24/mysid. For the average production using 2018 discount rates, ~$4,350
difference exists in NPVs between low, mid, and high-risk rates. Table 19 shows the highest possible
weekly production scenario with fluctuating labor and sale costs and has NPVs that have a range from -
$497,785.84 to $1,850,646.80: The lowest NPV reflects APT step 24 labor and zero profit from not selling

excess mysids per week at $0.00/mysid, with the highest NPV reflecting volunteer labor and selling the
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excess production at $.24/mysid. For the highest production using 2018 discount rates, ~$4,350
difference exists in NPVs between low, mid, and high risk rates. High labor rates and lack of profit reduce
the NPV, whereas volunteer labor and selling excess mysids at the highest price are primary factors in
making the expected NPV positive. All production scenarios (least, average, highest) have the capability

of achieving a positive NPV.

The Monte-Carlo NPV sensitivity analyses for the variety of preset labor and excess mysid sale
combinations for average production with fluctuating labor and sale costs and previous 2016 interest
rates have NPVs that range from -$545,453.95 to $876,430.04: The lowest NPV reflects APT step 24
labor and zero profit from not selling excess mysids per week at $0.00/mysid, with the highest NPV
reflecting volunteer labor and selling the excess production at $.24/mysid (shown in table 20). Nominal
differences exist between the low and high NPV results for current 2018 discount rates and the previous
2016 discount rates: the low, mid, and high risk rates carry an decrease of ~$47,000 per scenario in the
higher 2018 versus the lower 2016 rates. High labor rates and lack of profit reduce the NPV, whereas
volunteer labor and selling excess mysids at the highest price are primary factors in making the expected

NPV positive.

The Monte-Carlo results for the on-site production NPV stochastic modeling analysis without
preset labor and sale price data equals $199,006.38 (shown in table 21). The import NPV based off of the
equivalent 2018 mid risk discount rate of 2.3%, equals -$33,433.90 (see Table 22). On-site production at
the Walikiki Aquarium has a current projected NPV of $119,368.15, with the on-site random variable NPV
equaling $199,006.38, versus the import NPV with a negative outcome at -$33,433.90. With the current
projected NPV at greater than or equal to zero, the Waikikt Aquarium’s mysid operation remains a viable
option for mysid acquisition. The import NPV on the other hand is negative, and unless the qualitative
non-market benefits outweigh this, importation alone is not a viable option into the future for mysid needs
at the Waikiki Aquarium. The current annual costs of $25, 470.00, annual benefits of $35,005.00, and a
projected NPV of $119,368.15 is similar to the simulated annual costs of $29,500.00, annual benefits of
$44,000.00, and a simulated on-site NPV of $199,006.38. Each of the simulated input values for on-site

production and importation were within a normal distribution (figures 3-7).
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Monte-Carlo stochastic NPV analysis models on-site production without preset labor and sale
price data and the import NPV analysis by showing the percentage of NPV simulations below and above
$0.00 (Figures 8, 9). The on-site production at the Waikiki Aquarium predicts having NPVs in the positive
range in 61% of the projected scenarios, with 39% as negative outcomes. The import only NPVs are
predicted to have 28.1% positive and 71.9% negative results, with the positive results due to large labor
savings when not required to produce or maintain mysids on site. Monte-Carlo analysis showing the NPV
inputs ranked by the effect of the output mean for on-site production NPV simulations without preset labor
show that the variables with the greatest effect on NPV, ranked from highest to lowest, are: the sale of
mysids (annual benefits), annual costs (labor), and the start up cost. Although labor is the highest annual
cost for on-site production, the ability to sell excess mysids has the greatest effect for the on-site
production NPV. Monte-Carlo analysis showing the NPV inputs ranked by the effect of the output mean
for import NPV simulations show that the variables with the most effect on NPV, are greatest with annual
costs (the cost of importing required mysids, annually) and lowest with savings on labor from not
producing mysids on-site (annual benefits). This tells us that the import price per mysid has the greatest

effect on the import NPV.

If mysids could be sold for profit and with each differing labor scenario and weekly required mysid
totals, the equivalent price per mysid is extrapolated (see Table 23). Annual volunteer, contract hire,
current actual, APT step 1, and APT step 24 labor costs plus additional general annual costs reflect $.01,
$.05, $.05, $.08, and $.12 per mysid, respectively. For current production costs, the price per mysid
produced at the Waikikt Aquarium is $.05, whereas the current import cost is $.08 per mysid purchased.
On-site production NPVs are either greater than the import NPV or they have the capability of becoming
so and the on-site cost per mysid is $.03 cheaper than importing, so it appears that the Waikikt Aquarium

should continue producing mysids on-site.
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Conclusion

The Waikiki Aquarium’s production target is between the minimum and desired needs of
syngnathid populations. Currently, the absolute minimum amount of live mysid feeds for the weedy
seadragons equals 2,751mysids per week. Production at the Waikiki Aquarium requires a minimum of
3,000 mysids per week to support restocking of the adult populations for a weekly total of 5,751 mysids
per week if on-site production is to continue. Currently, only 3,000 mysids per week are still imported as
the results of this study were compiled. With average weekly production at 8,415 mysids per week and an
average of 2,664 extra mysids produced per week, the WaikikT Aquarium should cease importing mysids

all together in order to take advantage of the additional cost savings.

With a sustainable, productive, and on-site mysid aquaculture system established at the Waikiki
Aquarium, other future prospects are possible. The Waikikt Aquarium can produce their own food for the
husbandry of their syngnathids and may also do so for other aquarium residents; instead of selling excess
mysids, cost savings from reducing frozen mysid imports could be realized. Invertebrate and larval fish
rearing opportunities may also increase. The WAq is home to many endemic Hawaiian animals that could
benefit from aquaculture and affordable mysid production can lead the way to additional possibilities.
Local aquaculture provides relief to wild collection and contributes to a subsequent environmental
balance through the rearing of successive generations that are born in captivity rather than collected from

the ocean.

Additional benefits to on-site mysid aquaculture include reducing WAQ's carbon footprint as
imports decline, providing a secure food supply for WAg and increasing cash flows by selling excess
mysids to hobbyists or further reducing frozen mysid imports. Mysid culturing facilities have crashed for
months at a time. Mainland United States winter storms, holidays, and other shipping delays are also a
frequent problem when considering providing a sustainable resource of live food for aquatic animals. On-
site production increases food security for WAQ and eliminates shipping from importation. The on-site
sustainable production of a main food source for WAQ’s rare Syngnathidae conservation project and its

conferred security is likely to have large non-market benefits.
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The largest non-market benefits may come from creating either an un-paid or paid student
internship by embracing the Waik1kt Aquarium’s status as a part of the University of Hawai‘i. The WaikikT
Aquarium has a complete live feeds aquaculture manual for mysid production and all used species of
zooplankton. This manual is the basis for a local aquaculture training center that provides internship

opportunities.

Future research could investigate how to reduce the cost of on-site mysid aquaculture and
reducing imports; this benefits the Hawai‘i state economy by reducing monetary leakages to out of state
vendors. Further investigations into more widely ranging interest rates would be useful, especially those
commonly used for private loans (5+%) so that entrepreneur businesses could assess their risk for
starting mysid production. For the on-site mysid production, many risk factors affect yields of production,
including mysid fecundity, survival, sex-ratios for production optimization, and labor costs. Further
optimization will come from refining feeding and maintenance needs along with possible future
modifications that may lower initial costs and boost fecundity and survival by further optimization of male
to female ratio, stocking density and harvest frequency, flow rates, air rates, substrate addition, hypo-

salinity water, or the handling of adults or nauplii.
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