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Abstract

The ocean and all its resources are becoming increasingly depleted from
anthropogenic factors such as overfishing. The number of food fish and oysters has
dropped significantly over the years greatly affecting their status as a sustainable food
source. The Pacific Aquaculture and Coastal Resource Center in Hilo is at the forefront
of rejuvenating many of these species. The farming of food fish and Hawaiian oysters
eliminates the need to harvest from wild stocks, thus increasing their populations and
rebalancing the food chain of the reef. In the summer of 2014 | started an internship at
the facility that consisted of daily feeding, recording water quality, and pump house
maintenance, care of live feeds, and fish cage building, as well as making any
necessary repairs to keep the facility in working order. The facility through its research
projects is helping to spread aquaculture and coastal resource management worldwide,
thus creating sustainable resources for people while helping to increase wild stock
populations.
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1. Introduction

Overfishing and over harvesting of invertebrates is starting to take its toll on ocean
ecology (Graham et al. 2011). Recent trends show the ocean, which was once thought to be
an inexhaustible resource, is anything but. Aquaculture can help alleviate anthropogenic
stresses put on ocean environments as well as provide people with a sustainable food
source. Hawaiians have an extensive history of pond culture dating back more than 700
years with finfish culture considered an integral part of their island heritage. With the help
of aquaculture ancient Hawaii, (with a population very similar to todays) was completely
self-sufficient, yet today 57% of all commercial seafood is imported (Leung et al. 2012). We
need aquaculture to become sustainable again and to preserve our coastal ecosystems.

Hawaiian reef fishes and pearl oysters have been exploited for mass harvesting. Here in
Hawaii, reef fish endemic to Hawaii’s reefs are a valued resource and a staple of the marine
trade market, worldwide (Ogawa & Brown, 2001). As recently as 2001, the market here was
supplied entirely by the exporting of wild caught fish, mostly from West Hawaii (Ogawa &
Brown, 2001). Concerns about effects on reef fish populations of collecting and harvesting
for market trade finally took hold and prompted inquiry (Tissot & Hallacher, 2003). An
estimated 95-98% of all fish caught along the Kona coast are exported to the US mainland
and to Europe, and four Tang species make up 90% of Hawaii’s total reef fish catch. Over
50% of these are the endemic Yellow Tang (Kusumaatmadja, R; Parks, J; Atkinson, S;
Dierking, J; 2004). The Hawaiian pearl oyster that was once so common has become
increasingly rare, even after countless research efforts and legal protection, stocks around
the main Hawaiian islands remain low (Sims & Sarver, 2004). With Hawaiian coral reef
ecosystems being so fragile and isolated, the loss of any one species could easily start a
trophic cascade of irreversible proportions (Vermeij et al., 2010).

| started my internship at the Pacific Aquaculture and Coastal Resource center to gain
practical experience in the field while helping the facility to achieve its goals of sustainable
aquaculture. My second week of the internship | was approached with a job opportunity as
temporary head technician, which | accepted. The job came with a lot more responsibility as
well as opportunities with the running of the facility. Some of those duties were pump
house protocol, live feed care and culture, fish experimentation, and fish cage assembly.
Through my internship | have become an integral part of PACRC thus extending my practical
experience in sustainability and conservation.



2. Objectives

® | wanted to learn the infrastructure of an aquaculture facility through the daily
protocols at PACRC.

® | wanted to develop skills in water quality control and aquarium maintenance.
® | wanted to set up and run research experiments.
® | hoped to achieve overall practical experience in the field.

3. Methods:

The Pacific Aquaculture and Coastal Resource Center with the University of Hawaii at Hilo
established a state of the art aquaculture center to harvest and re-establish sustainably
both reef fish and Hawaiian pearl oysters (PACRC, 2014). The center operates research
projects worldwide and is expanding its work in the environmental sciences and coastal
resources. As head technician these are some of the roles | played in helping the facility
reach these goals.

PACRC primarily cultures three main species of fish: Seriola quinqueradiata or Kahala,
Epinephelus lancolatus or Giant Grouper, and Mugil cephalus or Striped Mullet. My daily
routine would start and end with a walk around of the facility to check every tank for proper
water flow, air flow, and assess the overall running of the systems. Then | would use a YSI to
check the water quality of each tank. | would check the salinity, temperature, and dissolved
oxygen levels and once a week would check the ph. and ammonia levels as well. Once that
was taken care of | would prepare to feed the fish. Feed amounts are dependent on species,
number of fish in each tank, and type of feed being dispersed. With that in mind feed for
each tank must be weighed accordingly on a daily basis. The rest of the day was spent
making any necessary repairs and completing facility projects.

A brand new pump house was erected and put into operation my first day on the job. It
housed two brackish water pumps and two salt water pumps which supplied the whole
facility with water flow. These pumps were tied into an integrated alarm and shutdown
network by SCADA Control Systems. The entire system can be ran with your finger on the
new touch screen command center. You can shutdown pumps, switch between pumps, set
alarm parameters and much more all with the touch of a finger. As with any new
installment there were quite a few kinks to work out which lead to me reassembling a lot of
the fabrication. Once running smoothly | needed to set the alarm and shutdown parameters
to police the system. You can set limits on things like PSI, flowrate, well level and a whole
host of others. If these parameters become compromised the system will send a text
message to my supervisors so we can immediately assess the problem. When parameters
such as well level are breeched the system will shut itself down so you won’t burn up your
pumps or damage the system in some other way. Since | was with the system from day one
and had extensive knowledge on the subject | was asked to write a pump protocol. This was



an overview on how to run the system and what to do during alarms or shutdowns. This
way whoever was on site could handle the system while | was gone.

Live feeds care and culture was another intricate part of my routine. When new fish fry
are brought in we feed them the same organisms that they would prey on in the wild. These
consist of Copepods, Rotifers, and Artemia. We keep these on hand at all times and must
feed and maintain proper densities of each so we are prepared for new fish at any time.
PACRC also grows its own algae on site and this is used to feed these organisms as well as
the oysters. They were fed the same four kinds of algae they would live on in the wild which
consist of three green algae: Thalassiosira weissflii, Thalassiosira pseudonana, Tetraselmis
chuii and one brown algae Nanochloropsis granulate. Copepods were harvested and fed
every four days while their cyst were done every 18 days and the Rotifers were done every
three days. | would take samples of each live feed and each bag of algae that was to be used
for feeding and | would put one drop of bleach in each to kill off the sample. Then | would
place each sample on a grid slide in order to do grid counts under the microscope. These
grid counts enabled me to know the density of both the organisms and the algae. This was
needed in order to calculate the amount of algae to distribute as not to over or under feed.
After calculations | would then disperse the proper amount of Algae to each individual live
feed enclosure.

| was then asked to erect a floating fish cage to accommodate experimentation in one of
our 500,000 gallon tanks. This was necessary in order to make the fish readily accessible
since it is not possible to drain a tank of that size every time you need to observe the fish.
So | constructed a 10ft.x15ft.x6ft. floating fish cage out of one inch PVC pipe and five gallon
buckets as shown below.

Building of Fish Cage

A.Table 1. List of supplies

Building ltems
fish cage

2 Cans PVC Glue

1 Roll Wire

1” 4 Way Tee's

1”7 3 Way Tee's

1” Elbows

225 ‘of 1” PVC Pipe

6 1/2” U-Bolts

Small Zip Ties

Large Zip Ties

15 Five Gallon Buckets
1 10ft. 2 x 6 (Wood Plank)
1 10ft. x 15ft. x 6ft. Net




A previous design had used five gallon gas cans that had begun to weather and crack
causing the plastic to peel off into the water. | used sturdier five gallon buckets to try and
rectify this problem. Construction took me about one week and upon completion | used
myself and five of our high school interns to launch the cage. One thing that was
immediately apparent was that the new design kept the top of the cage much higher out of
the water which is good when you are trying to keep fish inside. The buckets also had less
surface area sitting on the water which also made it a lot easier to maneuver. All in all the
cage functioned nicely and was ready for use.

As mentioned earlier we wanted to use this cage for experimentation. PACRC had 79
Kahala in a tank with water temperatures around 21 degrees Celsius that had not grown in
many months. The optimal temperature for grow out and maturation for Kahala is 26
degrees Celsius which is the same temperature as the 500,000 tank with the cage. So |
wanted to move the Kahala to the cage and monitor their growth to see how much
difference the temperature difference would make. So | transferred all 79 Kahala into two
200 gallon tanks in the back of a pickup and drove them over to the cage were we used dip
nets to transfer them into the cage. The Kahala had an average mean weight of .95lbs at the
time of transfer. After two months | could see that they had grown significantly and decided
to weigh them again. All of the fish at least doubled in size to 2Ibs and some were even 2
1/2lbs. This was beyond our expectations and | knew this was a much faster way to achieve
maturation of our Kahala. | then harvested and sold the 79 Kahala to finance some new
equipment. Now it was time to see if we could use this cage to get the bloodstock to
maturation and then to spawn. PACRC had 30 Kahala which were three years old that were
kept as brood stock in a tank with a temperature of 21 degrees Celsius. The three year mark
is when Kahala begin to mature. | took three mature males and four females that were just
starting to show signs of maturation and transferred them into the cage to see if the
warmer temperature would help them reach maturation and attempt to spawn. They have
been in the cage for about 45 days now and are just now getting comfortable with it. No
spawning activity has been seen as of yet.

4. Results and Discussion

| successfully helped assemble and run the new state of the art pump house as
well as wrote the pump protocol procedures for the facility. | learned to care for and
harvest live feeds using algae cultured on site. | developed skills in water quality
control, aquarium maintenance, and gained a wealth of overall practical experience
in the field of sustainable aquaculture.

My success with the cage lead to permanent employment in only my second
week of volunteering. | am now responsible for most of the work done in the fish
hatchery and other parts of the facility. | was able to work with and teach high



school students during summer break and participate in public outreach
opportunities. The facility now has a cage with optimal water temperature for
juvenile fish too complete the grow out process. This will significantly help the
turnover rate for both market and brood stock fish. The cage will also allow for
further study on the correlation between water temperature and the growth rate of
Kahalas.
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