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1.Introduction

This manual was developed at the Oceans Alaska Hatchery in Ketchikan, and is directly applicable to the
optimized intermodal freight container-based shellfish setting and pre-nursery seed boosting system.
This manual/report is focused on the oyster hatchery production (Crassostrea gigas).

These are the major areas/duties:
1. Broodstock conditioning and spawning
Seawater heating system and water delivery system for the oyster hatchery.
Micro-algae production system, including continuous flow bag system.
Algal production from starter cultures/laboratory culture to full scale production.
Set up of continuous flow larval rearing tanks with all equipment required for larval rearing.
Set up of Weller tanks for setting larval oysters.
Set up of oyster seed bottle system

O N Uk W

Shipping the oyster seed

This Hatchery Manual is specific to the facility and the practices that are being used to produce Pacific
Oyster Seed.

2. Pacific Oyster (Crassostrea gigas)

2.1 Habitat

Crassostrea gigas is an estuarine species but can also be found in intertidal and subtidal zones. They
prefer to attach to hard or rocky surfaces in shallow or sheltered waters up to 40 m deep, but have been
known to attach to muddy or sandy areas when the preferred habitat is scarce. The Pacific oyster can
also be found on the shells of other animals. Larvae often settle on the shell of adults, and great masses
of oysters can grow together to form oyster reefs. The optimum salinity for Pacific oysters is between 20
and 35 parts per thousand (ppt), and they can tolerate salinities as high as 38 ppt; at this level, however,
reproduction is unlikely to occur.[8] The Pacific oyster is also a very temperature tolerant species, as it
can withstand a range from -1.8 to 35 °C

2.2 Life Cycle

The Pacific oyster releases eggs and sperm in the water column from male and female oysters, and
fertilisation of oocytes follows. Development of fertilized embryos into subsequent larval, post-larval,
juvenile, and adult stages is illustrated in Figure 1.
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Figure 1. Pacific Oyster life cycle at 27 °C. (Vogeler et al. BMC Developmental Biology (2016))

Description and timeline for development of early life stages of C. gigas, reared at 20
°C Development Post Fertilization

First polar body 30 mins

First mitotic division (2-4 Cell embryo) >1 h

Trochophore 12 h

First D-larvae 30 h

D-larvae 48 h

Umboned veliger larvae Day 7

Eyed veliger larvae Day 23 - 27

Pediveliger (foot development) Day 25 - 28

3. Microalgae Production

Overview

Oysters filter feed on phytoplankton throughout their lives as larvae, juveniles and adults. The microalgal
culture in a hatchery is vital to successful broodstock conditioning, larval production, and seed
production. The main requirement in algae production is clean healthy algae without bacterial
contamination. Poor quality algae are usually a cause of low productivity in a hatchery.

3.1 Microalgae Species and Parameters at Oceans Alaska

Microalgae species are obtained from culture collection facilities. There are a few locations, but species
were selected from NOAA Milford Laboratory Microlgae Collection. The species are chosen to supply the
broodstock, larvae and seed with a balanced diet meeting all their nutritional requirements.

Microalgae Species List:

Flagellates - Tisochrysis lutea (Tiso), Pavlova lutheri (MONO), Tetraselmis chui (Ply-429), and Tetraselmis
striata (Plat-P)

Diatoms - Chaetoceros calcitrans (Chaet cal), Chaetoceros muelleri (CHGRA)
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Algae Culture Parameters
- Seawater temperature control (T = 20 °C). - LED light banks (cool white

3300 - 5300 K) - 0.2um Filtered aeration.
- Carbon dioxide (CO2) input for pH control to 8.2.
Culture Overview
At Oceans Alaska Hatchery microalgae was produced using 500m| mother/daughter cultures (stocks) that
inoculate 2000ml bubbling cultures. The 2000ml bubbling cultures then inoculated either 110L kalwall
tubes (continuous flow) or 25L Purebiomass bags.
The 10 x 110L kalwall tubes were gradually filled over 5 days until they started harvesting through an
overflow system. The kalwal tubes harvested around 25% of there volume per day. The system
comprised of an ultrafilter system that filtered the water to 0.03um that supplied the feed water,
automated nutrients dosing system and continuous harvest to reservoirs that then supply algae to the
facility.
The 25L pure biomass bags were used to inoculated 250L Purebiomass bags, then the 250L purebiomass
bag could be used to inoculate a 950L Pure biomass bag. All the Purebiomass systems could be pumped
down to harvest and then re topped with clean water and nutrients to be harvested again. The harvest
rates could be either 25% of volume per day, 50% every 2 days or 75% every 3 days.
The SOP following go into detail on Microalgae production at Oceans Alaska Hatchery.

3.2 Algae Nutrient Media, Silicate and Tris Buffer Preparation for Cultures

Concentrated Nutrient Media Overview

Florida Aqua Farms Micro Algae Grow Mass Packs is the modified Guillards media preparation used at
Oceans Alaska. Part A and Part B are mixed with freshwater to make the concentrate that is then added
to saltwater to grow the marine algae species. The concentration in the of the nutrients when diluted
into saltwater (growing media) is called f/2 media.

Concentrate Nutrient Recipe

1. The mass packs contain part A (liquid) and Part B (moist/dry)

2. Put 725ml of RO freshwater in a 1 liter Jug.

3. Add approx. 168.5gr of Part B to the 725ml of freshwater and mix until dissolved.

4. Then add 30ml of Part A to the jug and mix.

5. Top to the 1 liter mark with RO freshwater.

6. Pour into sealable storage containers and label. - Example : Stock Nutrient Solution
Date:

Use 0.5ml per 1 liter of Saltwater for f/2 media
Store the solution in the fridge
Use 0.5ml per 1 liter of Saltwater for f/2 media for cultivating marine algae.
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Figure 2. Prepared concentrated media solution

Concentrated Silicate Solution (for Addition to Diatom Algae Species) Overview

Diatom algae have cell walls constructed of silica. They require a silicate addition when cultured a high
density to be able to make their cell walls.

Concentrated Silicate Recipe
1. Thesilicate packs are in a powdered form.
Put 800ml of RO freshwater in a jug and add 30 gr of the powdered silicate.
Mix until dissolved and top to the 1-liter mark.
Pour into sealable storage containers.
Label and Store in the fridge.

o vk wnN

Use 0.5 ml per 1 liter of saltwater for the correct silicate concentration for culturing diatoms.

Concentrated Trizma Buffer (to buffer pH change in static cultures) Overview
When marine microalgae is grown under lights, it produces energy through photosynthesis, this process
uses carbon dioxide and produces oxygen. When carbon dioxide is removed from the culture water the
pH rises. When the pH rises above 9 the algae’s growth is inhibited and the culture can crash. To prevent
this in static cultures (no aeration) trizma buffer solution is added to the culture water.
Concentrated Trizma Buffer Recipe
1. Add 100g of Trizma base into a 1L heat resistant beaker and dissolve with 70mL of muriatic acid.
2. Trizma will turn hard and sticky. Slowly add RO water and stir with glass pipette until all solid is
dissolved.
3. Top beaker to 1L with RO water 4. Pour into a sealable container and label.
5. Store in the fridge.

6. Use 10mL per 1 liter of culture saltwater

Trizma solution is only added to static cultures (no aeration). Aerated cultures obtain carbon dioxide from
the air or addition of gas carbon dioxide.
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3.3 Cleaning Glass Algae Flasks

Overview

Glass flasks are used to culture algae in shellfish hatcheries. Algae is sensitive to many chemicals, so
when cleaning the glass wear care must be taken to make sure there are no residues.

Cleaning Glass Wear

1. Initially all new glass wear or glass wear that has been sitting around should be thoroughly
cleaned.

Give the glass wear a rinse with fresh water

3. Soak the glass wear in a 10% muriatic acid mix (10% acid in freshwater). Can be soaked for a
couple of hours.

4. Make up an alconox detergent solution in a spray bottle. Use 40 gr of alconox in 1 liter of
water. Spray a small amount in the flask and scrub with a bottle brush.

Figure 3. Alconox glassware detergent

5. Thenrinse the flask with cold tap water 3 times, then rinse with hot tap water 3 times and
then rinse with reverse osmosis water (RO) 3 times.

6. Puton the drying rack to dry.

7. The flask is then ready to be used.
If the flasks are in use, they only need to be acid washed if there is build up on the flask.
Usually, can just be cleaned with alconox and rinsed.

9. Head units are given a quick scrub with alconox and rinsed and dried.

3.4 Algae Equipment and Flask Sterilization

Overview

A pressure cooker or autoclave can be used to sterilize the algae flasks and equipment. Both pressure
cooking and autoclaving work on the principle of heating under pressure to be able to reach 121 Deg C
for 20 minutes without boiling the liquids. The sterilization process kills all bacteria, viruses, and mold
spores that can contaminate the algae production.
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Pressure Cooker Sterilization
1. Addaninch ortwo (2-5 cm) of water to the pressure cooker.

2. Set your containers inside, on top of something that raises them slightly off the bottom (glass
containers may crack if they sit directly on the bottom).

3. Following the manufacturer's instructions, seal the pressure cooker and heat it on a burner. Stove
burners, electric fifth burners, or kitchen hot plates tend to heat pressure cookers more quickly
than laboratory hot plates do.

4. Keep at 15 psi for at least 20 min. For media with 15% or more salt, you may need to cook for
510 minutes longer to completely dissolve the agar.

5. Remove the pressure cooker from the heat source and let the pressure gradually decrease on its
own. if you remove the weight from the steam vent, the liquids will boil over.

Autoclaving Algae Culture Flasks — Method
1. Autoclaving sterilizes the fertilized saltwater. This protects cultures from bacterial contamination.

2. Autoclaving process requires the temperature to hit 121°C for 20 min. The autoclave chamber is
pressurized, enabling the chamber to reach 121°C without boiling the culture water.

3. The autoclave should be set to “wet or liquid”. This makes sure the autoclave chamber slowly
cools so the liquid does not boil. If set to “dry” the chamber quickly vents at the end of the cycle
(dry is used for dry materials).

4. If the autoclave is more manual and does not have any settings, then just let the chamber cool to
below 80 °C before opening.

Put the flasks in upright so the stoppers don’t get wet.
Put as many flasks as will fit into the autoclave.
Run the autoclave cycle and let it cool down.

o N o u

Remove flasks and store in temperature-controlled algae culture room (20°C) to adjust to the
correct temperature. After autoclaving the pH takes 24 hours to stabilize.

9. The flasks can be stored for months after autoclaving.

3.5 Accepting Starter Cultures of Algae

Overview

Algae Starter cultures are obtained from culture collection centers. The cultures are held axenically and
maintained at the centers. Then sub samples are sent out to hatcheries as starter cultures. They usually
come in 15ml volume; the algae starters are transferred to new sterile fertilized culture water on arrival
to the hatchery. The process for conducting the transfer is called a “sterile transfer” and is done in a
sterile transfer chamber. The algal cultures are then cultured in a temperature-controlled room set to 20
°C under 24 hours light. The initial cultures are called “stock cultures”. The stocks are used initially to
make working cultures and then are only transferred monthly to decrease the risk of contamination. The
working cultures are used for algae production and are on a weekly transfer schedule.

Material
1. 500ml Erlenmeyer flasks x 10 (good to have spare flasks)
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Steri Stoppers x 10

Aluminum foil

Filtered Saltwater

Nutrient Media concentrate (in the lab fridge)

Tris buffer concentrate (needs to be made up, in carboard)
Silicate concentrate

3-liter Jug

1 ml pipette

10. Autoclave indicator tape

11. Transfer chamber with flame burner Preparing
Algae Culture Flasks — Method

1.

Calculate the amount of saltwater required. Each 500ml flask will be filled to the 300ml mark
with fertilized salt water. So, 10 flasks x 300m| = 3000ml.

Fill the 3 Liter jug with to the 3-liter mark with filtered saltwater.

Add 0.5ml of the concentrated nutrient media per liter. So, 0.5ml x 3 liters = 1.5ml of
concentrated nutrient media.

Add 0.5ml per liter of the concentrated silicate solution. So, 0.5ml x 3 liters = 1.5ml of the
concentrated silicate solution.

Add 10ml per liter of the concentrated trizma buffer solution. So, 10ml x 3 liters = 30 ml of the
concentrated trizma buffer solution.

Mix well.
Pour 300ml of the fertilized saltwater in each of the 10 x 500ml flasks.
Firmly put the steri stopper in the flask.

K’“\"'

Figure 4. Cellulose Steri Stopper
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9. Cover the steri stopper with a piece of foil. The foil needs to cover the lip of the flask. Squeeze foil
tight around the stopper and neck of the flask.

Figure 5. Prepared 500ml flask ready for autoclave

10. Put a piece of autoclave indicator tape on the foil.

11. The flasks are now ready to be autoclaved.
Starter Culture Sterile Transfer.

1. Sterile transfers are conducted in the transfer chamber. The chamber can be UV light sterilized
before use and uses filtered positive air flow to prevent contamination during transfers.

Spray out the chamber with 70% isopropyl alcohol solution and then wipe down.

Put the temperature adjusted autoclaved 500 ml flasks into the transfer chamber and close.
Turn on the UV light (usually on a timer or 10 min) to sterilize the chamber.

Turn off the UV light and turn on airflow and open chamber.

Wash hands and arms with soap and then use alcohol sanitizer.

Bring starter cultures into the transfer chamber.

© Nk WwWwN

| find it best to write the information on the flask with a sharpie. | do it before | do the transfer to
stop any mix ups. See label example below.

Figure 6. Labeled 500ml flasks
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10.
11.

12.
13.

Light the bunsen burner or blow torch. This is used to flame the lips of the flasks to get rid of any
possible contamination.

| will attach a video of conducting the transfers as easier to show rather than explain.

The starter is opened, and the lip quickly flamed. The culture flask foil cap is removed and then
the bung can be removed (do not touch anything with it) and the lip of the flask is flamed.
Quickly pour the 15ml starter into the flask. Re flame the lip of the flask and put the stopper
back in.

Loosely put the foil cap back on.

After all are completed, they are moved back to the temperature-controlled room with 24 hour
light to grow.

Figure 7. Algae strains in culture room

Maintenance of Flask Algae Cultures

1.
2.

6.

Static Flask Algae cultures require light, nutrients and gas transfer.

The static algae cultures are swirled daily to help keep the algae in suspension and give agitation
which helps with gas transfer.

The foil caps need to be loose to allow for gas transfer through the stoppers.
The flasks should not sit to close to the lights as extra heat can cause damage.

The hope is that the starter algae cultures take and darkening of the cultures is visibly seen
through the next week.

In as short as 1 week the flasks may be ready to do a transfer to working cultures

Starting Working Cultures

1.

Working cultures are the algae cultures used to produce algae. They are transferred routinely
(weekly) and are used to scale up algae production.

6 x 500ml flasks need to be prepared for starting working cultures from the stock cultures.
Follow the same protocol in “Preparing Algae Culture Flasks” to make up the flasks and
autoclaving.

These will then be inoculated from the stocks 1 week after the stocks have been created if they
culture well.

The next SOP will cover algae production scaling.

3.6 Stock Algae and Working Algae Cultures

Overview
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After starter cultures have been received and transferred to flasks the process of cultivating the algae
species begins. These are some terms commonly used and good to understand “Stock Cultures”,
“Working Cultures”, “Mother/Daughter transfers”, “Static Cultures” and “Bubbling Cultures”.

Stock Cultures are the library of strains that are held, these are only transferred every 4 to 6 weeks. The
aim is to keep cultures as clean as possible for future use. The original flasks inoculated from starters will
become the stocks after they make the first daughters.

Working cultures are the strains that are in cultivation for scaling up. These are on a weekly transfer
schedule.

Static cultures are when the cultures have no aeration. At OA these are the 500ml flasks used for the
stocks and beginning stage of the working cultures.

Mother/Daughter transfers are the process of inoculating new flasks. The older algae culture is the
“Mother” and the new flask that’s inoculated is the “Daughter”. In the working cultures at OA the
“Daughter” will grow for a week and then become the new “Mother” the following week. When scaling
up the working cultures the “Mother” is used to inoculate the new daughter then the remainder is used
to go into larger flasks for scaling up.

Bubbling cultures are the cultures that have aeration. At OA these will be the 2-liter flasks. The aeration
is provided by the head unit connected to aeration.

At OA the plan is to hold the stocks and beginning of the working cultures in static 500ml flasks. The
stock cultures will be transferred every 4 to 6 weeks (the mothers are discarded after inoculations have
taken in the new stocks). The working cultures are transferred weekly in a mother/daughter cycle. The
mother is used after a daughter is made to inoculate a 2-liter bubbling flask. Around 100ml is used from
the mother to inoculate the 2-liter bubbling flask. The 2-liter bubbling flask is grown for a week and then
used to inoculate a kalwall tube. The tube is filled to the 20-liter mark with the fertilized ultra-filtered
saltwater then all 2 liters from the bubbling flask is added to the tube. The tube is slowly filled over the
next 5 days until it starts harvesting. See diagram below.

Figure 8. Algae production flow at Oceans Alaska Hatchery

The 4 recommended algae species to be trialed first as working cultures are:
1. Chaetoceros muelleri, CHGRA
2. Chaetoceros calcitrans, Chaet cal
3. Pavlova lutheri, MONO
4. Tetraselmis chui, Ply-429
Material for Working Cultures (4 species)
12. 500ml Erlenmeyer flasks x 4
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

Steri Stoppers x 4

2-Liter Flasks x 4

Head units for 2-Liter flasks x 4

Aluminum foil

Filtered Saltwater

Nutrient Media concentrate (in the lab fridge)
Tris buffer concentrate (needs to be made up, in carboard)
Silicate concentrate

3-liter Jug

1 ml pipette

Autoclave indicator tape

Transfer chamber with flame burner

Preparing 500 ml Algae Culture Flasks — Method

12.

13.
14,

15.

16.

17.
18.
19.

Calculate the amount of saltwater required. Each 500ml flask will be filled to the 300ml mark with
fertilized salt water. So, 4 flasks x 300ml| = 1200ml.

| would just fill the jug to the 3 Liter jug with to the 2-liter mark with filtered saltwater.

Add 0.5ml of the concentrated nutrient media per liter. So, 0.5ml x 2 liters = 1ml of concentrated
nutrient media.

Add 0.5ml per liter of the concentrated silicate solution. So, 0.5ml x 2 liters = 1ml of the
concentrated silicate solution.

Add 10ml per liter of the concentrated trizma buffer solution. So, 10ml x 2 liters = 20 ml of the
concentrated trizma buffer solution.

Mix well.
Pour 300ml of the fertilized saltwater in each of the 4 x 500ml flasks.
Firmly put the steri stopper in the flask.

Preparing 2-liter Algae Culture Flasks — Method

1.

® N oo v

Calculate the amount of saltwater required. Each 2 liter flask will be filled to the 1700m| mark
with fertilized salt water. So, 4 flasks x 1700ml = 6.8 liters

| would just fill the jug to the 3 Liter jug with to the 2 liter mark with filtered saltwater and do 1
flask per jug (1700m).

Add 0.5ml of the concentrated nutrient media per liter. So, 0.5ml x 2 liters = 1ml of concentrated
nutrient media.

Add 0.5ml per liter of the concentrated silicate solution. So, 0.5ml x 2 liters = 1ml of the
concentrated silicate solution.

. No Trizma buffer is required with bubbling cultures

Mix well.

Pour 1700ml of the fertilized saltwater in each of the 4 x 2 liter flasks.

Cover the top of the flask with a double layer of foil (the 2 liter flasks are too tall to fit in the
pressure cooker with the large steri stoppers, so that is why foil is used)

Squeeze foil tight around the neck of the flask 10. Put a piece of autoclave indicator tape on the
foil.
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11. The flasks are now ready to be autoclaved.
Preparing 2 Liter Head Units

1. The 2-liter head units comprise of a rubber bung, glass tubs, silicon tubing and a polypropylene

3.

0.2um air filter. All these components can be sterilized through autoclaving.

Figure 9. 2-liter flask with head unit.

The Head unit is wrapped up in an autoclave bag (mushroom bags on site) or can be wrapped in
foil envelope.

The bags are marked with autoclave tape and are then ready to be sterilized.

Autoclaving Algae Culture Flasks and Head Units — Method

1.
2.

o N o U

9.

Autoclaving sterilizes the fertilized saltwater. This protects cultures from bacterial contamination.

Autoclaving process requires the temperature to hit 121°C for 20 min. The autoclave chamber is
pressurized, enabling the chamber to reach 121°C without boiling the culture water.

The autoclave should be set to “wet or liquid”. This makes sure the autoclave chamber slowly
cools so the liquid does not boil. If set to “dry” the chamber quickly vents at the end of the cycle
(dry is used for dry materials).

If the autoclave is more manual and does not have any settings, then just let the chamber cool to
below 80 °C before opening.

Put the flasks in upright so the stoppers don’t get wet.
Put as many flasks as will fit into the autoclave. They can be stacked on angles
Run the autoclave cycle and let it cool down.

Remove flasks and store in temperature-controlled algae culture room (20°C) to adjust to the
correct temperature. After autoclaving the pH takes 24 hours to stabilize.

The flasks can be stored for months after autoclaving.

Working Culture Sterile Transfer — 500ml and 2-liter flasks

1.

2.

Sterile transfers are conducted in the transfer chamber. The chamber can be UV light sterilized
before use and uses filtered positive air flow to prevent contamination during transfers.

Spray out the chamber with 70% isopropyl alcohol solution and then wipe down.
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10.

11.
12.
13.

14,

15.
16.

17.
18.

19.

Put the temperature adjusted autoclaved 500 ml flasks, 2-liter flasks and 2 liter head units into
the transfer chamber and close.

Turn on the UV light (usually on a timer or 10 min) to sterilize the chamber.
Turn off the UV light and turn on airflow and open chamber.
Wash hands and arms with soap and then use alcohol sanitizer.
Bring mother working cultures into the transfer chamber. We are going to start with the 4 strains
mentioned in the overview.
| find it best to write the information on the 500ml daughter and 2 liter bubbling flasks with a
sharpie before | do the inoculations. - Example of the information is: Species ID: P.
lutheri

Date inoculated:  15/02

Date to be used:  22/02 (7 days later)

Figure 10. Labeled 500m| ctures and 2-Liter cultures

Light the Bunsen burner or blow torch. This is used to flame the lips of the flasks to get rid of any
possible contamination.

The 500ml mother flasks foil cap and bung is removed, and the lip quickly flamed. The daughter
culture flask foil cap is removed and then the bung can be removed (do not touch anything with
it) and the lip of the flask is flamed. Quickly pour the around 15ml into the daughter flask. Re
flame the lip of the flask and put the stoppers back in both mother and daughter.

Loosely put the foil cap back on the daughter.
The 500m| mother is then used to inoculate the 2-liter flask.

The 500ml mother bung is removed again and the lip flamed. The foil cap on the 2-liter flask is
removed and flamed if possible.

Around 100ml of mother culture is added. If required more 2-liter cultures could be started with
the same mother.

Hand should be sprayed with alcohol before handling the head units.

The head unit is carefully removed, care should be taken to try to only touch parts of the head
unit that are not internal.

The head unit is installed into 2-liter flask and firmly seated.

After the 2-liter inoculation is done the working mother is finished and the flask is emptied and
cleaned in preparation for the next use. The stopper is dried and re used.

After all the inoculations are completed, the 500ml daughter are moved to the middle shelf on
the left of the temperature-controlled room with 24-hour light and cultured for 7 days.
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20. The 2-liter flasks are moved to the shelving with aeration lines. The air line is pushed onto the air
filter and light aeration is applied to the flask with 24-hour light. These will be cultured for 7
days.

Maintenance of Flask Algae Cultures
7. Flask Algae cultures require light, nutrients and gas transfer.

8. The flask algae cultures are swirled daily to help keep the algae in suspension and give agitation
which helps with gas transfer.

9. The aerated 2 liter flasks can be swirled daily to help keep algae in suspension.

10. The foil caps need to be loose to allow for gas transfer through the stoppers.

11. The flasks should not sit to close to the lights as extra heat can cause damage.

3.7 Starting Kalwall Tubes

Overview
The Kalwall tube algae system at OAH is set up to run on continuous culture. Meaning that saltwater and
nutrients are continuously added to the kalwall tubes and algae is continuously harvested from the
tubes. The aim is to keep the algae in stable exponential growth by harvesting constantly. The water is
filtered through an ultrafilter (filters to 0.03um) to supply extremely clean water.
The kalwall tubes are started with a 2-liter bubbling flask or from the Pure Biomass cultures. The tubes
are filled to the 20-liter mark with the fertilized ultra-filtered saltwater (when filling the tube with SW
the nutrient dosing pump can be turned on full to add sufficient nutrients) then 2 liters of algae is added.
The tube is slowly filled over the next 5 days until it starts harvesting. The filling rate is around 10ml/min.
The continuous flow rate is around 20% of the volume per day. So, in a 100L tube 20L of the volume
would be flowed/harvested per day. The rate per minute is around 14ml/min. The nutrient dosing rate
per day is determined by how many tubes are in use.
The daily rate of nutrient concentrate for one 100L kalwall tude on 20% exchange is 10ml (0.5ml
nutrients/L). So, for 12 tubes it would be 120ml of nutrients. The dosing pump is set for 3.8L per day. The
120ml of nutrients is added to the dosing pump reservoir and topped to the 3.8 liters with fresh water.
This gives 24 hours of nutrient dosing. For 2 days 240ml of nutrients are added and then topped to 7.6
liters.
Material for Inoculating 100L Kalwall Tubes

1. 2-Liter of algae (either from flask or pure biomass algae) 2.

Ultrafiltered Saltwater/nutrients

3. Bleach and soap.

4. Airline and air stone.

5. Harvest silicone tube.

6. Saltwater line with screw clamp
Method for Starting a Kalwall Tubes

1. The kalwall tube to be started is cleaned using bleach and soap.

2. The tube is moved into position in preparation for filling.

3. Install the airline and air stone (that has been soaked in 10% acid solution)
4. Attach the harvest line and put the saltwater line in the tube.
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The nutrient dosing pump is turned to high to make sure there is adequate nutrients present.
The tube is filled with the valve fully open. The tube is filled to the 20 Liter mark.
Turn the dosing pump back down when filled to the 20 Liter mark.

© N o u

Add the 2 liters of algae (or more if you want to bring up the tube to harvest more quickly) 9. Set
the saltwater/nutrients to 10ml/min to fill over the next 5 days.

10. Monitor to see how the algae is growing and if the water flow needs to be increased or
decreased.

11. When the tube starts harvesting the flow can be increased to 14ml/min for the 20% harvest per
day. The flow is adjusted depending on the growth rate and the species.

3.8 Algae Harvest and Pumping System

Overview

The mixed species algae harvest will come from the kalwall tube system and the Pure Biomass systems.
The algae production will be continuous and batch.

The Kalwall is continuous, meaning that ultra-filtered salt water with nutrient addition will be added to
the production systems continuously. The overflow from the production systems is the algae harvest.
The Pure Biomass systems are run as batch, meaning that every 2-3 days the cultures are dropped and
topped. The algae taken out is the harvest.

The harvest needs to be collected and fed to the broodstock, larvae and seed. There is a couple of ways
to collect and use the algae, but the best for time management | find is a continuous pumping method.
The kalwall tube system will have 4 tubes being started each week (if more algae are needed rapidly
then tubes can be back started from other tubes). This enables the system to be staggered and as tubes
get old, they can be cleaned and restarted.

At the beginning the only algae usage will be the broodstock. The feed can be manually taken from the
32-gallon rubbish bin used as the algae reservoir. If there is too much algae production, it will just
overflow down the drain- through the overflow. As more algae is required for larval rearing the
submersible pump can be added and joined to the algae line that goes to the seed tanks and the larvae
tanks. This line is a pressurized line that enables constant flow to the larvae tanks, there is a return valve
above the submersible pump that allows the pressure to be released to protect the pump. Then when
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seed tanks are started then all the algae produced can be fed out to them using the float switch. Then all
the algae produced is fed to the seed to aim for optimal growth rates.
There is a freshwater port on the algae feed line to daily flush the lines.

Figure 12. Automated algae pumping reservoir

Method

1. The algae is collected in the reservoir from the kalwall tubes and Pure Biomass systems.

2. The pump can be run continuously when larval rearing to maintain a pressurized algae line to
drip feed the oyster larvae.

3. The pressure is relived using the pressure control valve.

4. Any excess algae produced can overflow or be fed to the broodstock.

5. The reservoir, pump and lines are cleaned daily. The reservoir is emptied and cleaned using soap
and bleach. The pump can be soaked in mild bleach during the reservoir cleaning. The lines are
flushed using pressurized mains freshwater.

6. Allis set up again after cleaning and when the algae level is above the inlet to the pump it can be
turned on and feeding set up again.

7. When seed are being fed all the algae produced is likely to be fed. At this point the float switch

can be added to the pump. Any time the algae reaches the float switch level most of the
contents of the reservoir will be pumped to the seed tank. It will then fill again and repeat. This
allows for most of the algae produced to go to the seed to optimize growth rates of the seed.
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Figure 13. Conversion to continuous flow and harvest line.

The Silicone tube is hooked up to the drain that goes to the reservoir that has the feed pumps
that supply algae to the different areas.

3.10 Counting Algae Cultures and Estimating Density

Overview
Counting algae to estimate density important for calculating the amount of feed for larvae, seed and
broodstock. Counts are done daily on the algae harvest and when determining the growth rates of
different species to aid in cultivation.
Materials
- Hemocytometer cell
- Small vial or test tube or well plate
- 10 % formaldehyde
- Pasteur pipette and bulb
- Counter
Method
1. Collect a subsample of algal culture and transfer to vial.
2. Add 2-3 drops of 10 % formalin if using a flagellate species to halt swimming and movement.
Mix.
3. Mount cover slip on hemocytometer cell.

4. Collect 1 ml of algal sample using a Pasteur pipette and introduce a drop into chamber at edge
of cover slip. Do not force sample in, allow it to run by capillary action. Make sure not to have
any air bubbles in cell.
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5. Fill grooves of cell completely with algal sample.

Using a clicker (counter), count number of algal cells in at least five of the 25-square grid in the
center of the cell. If you count 5 of the square grids you will need to multiply by 5 to get the
total per 25 square grids.

7. |If algal culture is not very dense (as in photo), count all the cells in 25-square grid.
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Figure 14. Hemocytometer 25 square grid with algae cells

8. Calculate average number of cells per square.
9. To obtain cell density: Take the total count and multiply by 10,000. This gives the number of algal
cells per ml.
Explanation
Total per 25 square grids = 1mm3 = 1ul
By multiplying the 25 square grids by 10,000, you obtain number of cells per ml
Note: To avoid counting the same algal cell twice, select top border and right border of each small
square (within 25-square grid); count only algal cells sitting on top and right border. Example
1. Count algal cells in 5 squares within 25-square grid.
The total count for the 5 squares is 273 cells
2. Multiply 273 by 5 to get the total cells per 25 square grids then multiply by 10,000 to give the total
cells per ml.
3. Calculate culture cell density = 273 cells x 5 = 1,365 cells per 25 square grids x 10,000 = 13,650,000
cells/ml
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4. Broodstock

Overview

The aim for an Alaskan Hatchery is to condition and spawn Pacific oysters at the out of season (which is
all the time in Alaska). Conditioning broodstock for spawning in a very important step for hatchery
production. Out of season conditioning/spawning enables the hatchery to have seed ready for when
water temperatures warm, giving the longest possible growing season for the seed to reach a size that it
through winters better and reaches market size more quickly. This is especially important in Alaska’s
growing environment.

4.1 Brood Stock Conditioning

Overview

Conditioning broodstock for out of season spawning is one of the most important steps in operating a
hatchery. Out of season conditioning is usually done by getting broodstock that have spawned in
summer and have gone through their natural cycle until they are in winter conditions. The broodstock in
winter conditions usually have good reserves of Glycogen and are ready to start ripening when the
temperature rises. This allows for seed to be produced just as water temperatures are rising to get the
best growing season. There are a couple of ways that wintered broodstock can be used. 1) Move to 20
Deg C water in December to start ripening for spawning in January. 2) Hold large amounts broodstock
below 10 Deg C in a holding system for spawning throughout the year if the hatchery operates for 10
months a year. The aim is to have a spawning period in February/March. Batches of broodstock can be
taken from the ambient water during January and February to condition in 20 Deg C water for 5 weeks.
Batches will be staggered every couple of weeks to have different ages of ripening broodstock for
spawning. The aim would be to have limited algae production up and running in January to feed
broodstock when they are ripening.

Broodstock Conditioning Parameters

Temperature: Aim for 20 deg C ripening

Aeration: Mild aeration in both the Heater sump and brood stock tank.
Exchange rate: 5 exchanges of salt water/day Feeding:

1. The best would be to have live algae. Initially one mixed algae species 250 Liter Purebiomass bag
could be used to feed broodstock. At 5 water exchanges per day the broodstock could be fed 3 x
5-liter algae/day or for continuous feeding system then 15ml of algae/min.

2. If the algae production is not running, then use 1ml of Shellfish diet 1800/brood stock/day.
Conduct 3 x feed per day.

https://reedmariculture.com/collections/bivalve-hatchery-feeds/products/shellfish-diet

3. Use a 1:10 dilution with salt water

4. Example: 20 brood stock = 20ml/day total. Make up with 20ml of shellfish diet with 200ml of salt
water. This is then stored in the fringe and fed out through the day. Feeding 3 rations/day would
be 66ml added to the conditioning tank per feeding.

5. To feed pour directly into brood stock tote through a 20um screen to break up cells.
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Cleaning: Clean once per day. Removing the brood stock from the tote, tip out the water, hose the tote
and brood stock. Put the brood stock back in and let the water fill up the tote at the 300ml/min flow
rate.

Ripening time: If the brood stock is help at 23 deg C it should take around 4 — 5 weeks for them to ripen.
Staggering Ripening: Batches of 20 broodstock are put into ripening every 2 weeks starting the first
week of January 2023 will make sure there are broodstock available for March 2023. See Table below.

Oceans Alaska Broodstock Conditioning Schedual 2023

January Febuary March

Batches Temperature 11 2| 3| 4| 5 6| 7| 8 9| 10| 11|12
20 Broodstock|Ripening 20 Deg C
20 Broodstock|Ripening 20 Deg C
20 Broodstock|Ripening 20 Deg C
20 Broodstock|Ripening 20 Deg C
Figure 16. Staggering of broodstock conditioning

4.2 Broodstock Spawning

Overview
Spawning oysters is conducted by inducing ripe broodstock with thermal stimulation (increasing the
temperature to 28°C). When the oysters commence spawning the males and females are separated to
spawn in different vessels to stop polyspermy issues. The male sperm can be mixed to diversify the
fathers before counting using a hemocytometer. The female’s eggs are mixed and then counted before
ferritization. When the eggs are rounded up then 5 sperm per egg are introduced to the egg bucket and
mixed well. The fertilized eggs are observed again to make sure sperm can be seen around the eggs.
When polar bodies are seen then the eggs can be added to the larvae tank to incubate for 48 hours
before harvesting D veligers.
Materials

- Scrubbing Brush

- Bleach mix 1:50

- Microscope

- Hemocytometer counting slide (sperm, same as counting algae refer to Counting Algae Cultures

and Estimating Density SOP)
- Sedgwick rafter counting slide (eggs, special gridded microscope slide that holds a 1ml sample
for counting)

- Plastic 1ml Pipettes

- 10ml measuring cylinder

- 1ml pipette glass

- Buckets

- Mixing plunger

- Water heater and 100L tank
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Spawning Tupper wear containers
Larvae tank filled with 20°C saltwater

Method

1.

10.

11.

12.
13.
14,

15.

20 Oysters conditioned for 5 weeks (or longer) are removed from the conditioning system and
scrubbed clean of any fouling organisms. A mild bleach solution is used to rinse the broodstock
and left to sit for 10 min. This is done to reduce potential contaminates on the shell.

After 10 min the oysters are rinsed thoroughly with fresh water then 1 oyster is put into each
spawning container (Tupper wear containers).

Figure 17 Oyster Spawning at Oceans Alaska
Saltwater that has been preheated to 28°C is added to the oysters to induce spawning.

In addition to thermal shock a ripe oyster can be opened, and the gonads stripped of gamete.
The gametes are mixed with saltwater and a small amount is added to the spawning vessels to
help induce spawning.

If the broodstock are not spawning, then the warm water can be tipped out and 20°C water
added for 10 min. Then replaced with warm water again.

When spawning is seen in a container (milky colour) then the oyster is removed and put into a
new container with 20°C water to let it continue to spawn (this is done so there is no confusion
when sexing).

A sample is taken from the new spawning container using a 1ml pipette and placed on a slide to
identify the sex under the microscope. Eggs and sperm are very easy to tell apart under a
microscope.

The different sexes are separated and left to spawn in the containers.

When spawning has subsided then the eggs and sperm can be put into there own buckets. The
buckets are half filled with 20°C water before the eggs/sperm are added.

Care must be taken to not accidentally add large quantities of sperm to eggs as this will cause
polyspermy issues (2 sperm enter the egg causing it not to hatch).

Light aeration can be added to the eggs.

The eggs and sperm then need to be counted before fertilization can be done.

The eggs are counted using a Sedgwick rafter counting slide. The egg bucket is topped to the 15 L
mark with 20°C water and mixed well with a plunger before tanking a 1ml sample with a paster
pipette.

The 1ml sample is added a 10 ml measuring cylinder and topper to the 10ml mark to make a
1:10 dilution. The egg bucket can be very dense so diluting makes counting simpler.
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16

17.

18.

19.

20.

21.

22.

23.

24.

Mix the 1:10 10ml cylinder and then take a 1ml sample from this and put on the sedgwick rafter
slide. Place the cover slip on and put on the microscope for counting.

When the count is gained it needs to be multiplied out to get the total population. Example: The
1:10 dilution count was 153 and the egg bucket was 15 liters (15,000ml)

The calculation would be 153 x 10 x 15,000ml = 22,950,000 eggs

The sperm is counted using a Hemocytometer as the sperm are very small. The aim is to get an
estimate on the sperm/ml in the bucket. The sperm bucket is mixed well, and a sample taken
using a 1ml pipette. The sperm is added to the 10ml cylinder to do a 1:10 dilution. The cylinder is
mixed well, and a sample taken and loaded onto the Sedgwick rafter slide.

The sample is counted using the same method seen in the Counting Algae Cultures and
Estimating Density SOP.
Example: 50 sperm counted on five square grids with a 1:10 dilution
50 x 5 (to give 25 squares) = 250 x 10 (dilution) = 2500 x 10,000 (to make per ml) =
25,000,000 sperm/ml

To calculate the amount of sperm to fertilize the eggs with use 5 sperm per egg.
Example: If there were 22,950,000 eggs

22,950,000 x 5 (sperm/egg) = 114,750,000 / 25,000,000 (sperm/ml) = 4.59ml of sperm.
To make the sperm addition mix the eggs well when adding the sperm. Leave the eggs for 10
minutes and then take a sample and observe under the microscope. Look for sperm surrounding
the eggs. If very little sperm are seen surrounding eggs, then make another addition of the same
amount of sperm. Wait another 10 min and observe again. If all the eggs have sperm
surrounding them then no more additions of sperm are required. If again very little sperm are
seen surrounding the eggs, make a double addition of sperm and mix in well.
The reason for making slow additions of sperm is to decrease the risk of polyspermy which can
cause low hatch rates.

Observe the eggs under the microscope around 40 min post fertilization for polar bodies. This
indicates fertilization and then can be moved to the larvae tank for hatching.

Figure 18. Polar body expulsion.

The larvae tank is stocked with around 30 to 50 eggs/ml (can go as high as 100)
Example: Larvae/incubation tank is 4,500 Liters the aim is to stock at 30 eggs/ml
4500 x 1000(to make ml) = 4,500,000 x 30(eggs/ml) = 135,000,000 eggs can be stocked.
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If you have 300,000,000 eggs in the 15 L bucket and only can stock 135,000,000
135,000,000 / 300,000,000 x 100 = 45% x 15 L = 6.75L of eggs would be added to the 4,500-liter
tank.

25. The eggs are gently added to the larvae tank. The eggs can be screened through a 100um screen
into the tank to remove any particulates.

26. Very low aeration is added. To much turbulence can cause lower hatch rates.

27. At around 30 hours 25,000 cells/ ml algae can be added so there is food present in the tank
when D veliger’s start eating over night.

28. At 48 hours free swimming D veliger should be the majority and are ready to harvest and
commence larval rearing

5. Larval Rearing

Overview

Pacific Oyster larvae are very sensitive to contaminates, they are called the canary of the ocean as they
are sensitive to low concentrations of toxins and can bioaccumulate them causing mortality. They are
also very sensitive to bacterial infection and changes in water quality. The water being used for larval
rearing should be tested for heavy metal contamination and the more stable the water body is the
better.

The water used to larval rear needs to be filtered to 1um and UV sterilized to reduce bacteria and other
contaminates. Heating is also required as rearing is done in the cooler months and needs to be at least
20°C.

The larvae tanks can be either static or flow through depending on the set up. Mild aeration is provided
to the tanks and clean high-quality algae is added for feeding. The difference between static and flow
through is static only get water changes every 2 days when the larvae move to a new tank and flow
through is constantly getting water exchange. The main reason for flow through is to increase the
stocking density of the larvae (more larvae per tank). In both static and flow through larval rearing the
tanks are changed every 2 days. This is done by draining the tanks and collecting the larvae on fine mesh
screens. They are then put back into a clean tank with new water for another 2 days. As they grow the
screen size can be increased to allow for the tanks to be harvested at a faster rate and more particulates
can go through the screens.

The larvae are fed a mixed diet of algae made up of 40% of Tisochrysis lutea or Pavlova lutheri, 40%
Chaetoceros calcitrans or Chaetoceros muelleri, and 20% Tetraselmis chui or Tetraselmis striata. The
algae harvest is mixed so the percentage split is done by the amount vessels cultured of each of the
species’ groups. This makes the automated feeding process work efficiently.

Larvae go through different stages until eye spots and a foot is seen (pedi-veliger), at this point the larvae
are around 330um and are ready to metamorphosis and become oyster seed. They are harvested on a
236um screen and moved to setting systems.

5.1 Larval Rearing

Materials
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- 2 x 5000-liter larval tanks

- Filtered heated salt water

- Aeration, air lines and stones
- Algae supply

- Harvest screens

- Grading screens

- Buckets

- Microscope

- Sedgwick rafter slide

- Plastic 1ml pipettes Method

1. Conical larval tanks are preferred. The tanks must have aeration, filtered heated water and algae
lines plumbed to them. The tanks are fitted with bottom harvest valves and bungs to harvest the
larvae.

2. Harvest and grading screens are made on-site for the larval rearing process. The screens sizes are
41um, 53um, 75um, 100um and 236um (for harvesting larvae for setting). The actual screen
opening on the diagonal is 1.4 times the size of the screen size. This needs to be considered
when harvesting and screening larvae.

3. The larvae tank is cleaned using 1:10 bleach solution and mild soap. The tank is scrubbed, rinsed
thoroughly, and set up for filling.

4. The tank to be used the following day is filled overnight. The filling water is turned on the
afternoon before and filled over 16 hours. The water flow is set using the following calculation.
Example: 5000-liter tank filling over 16 hours
5000 x 1000 (to make ml)/ 16 (hours) / 60 (minutes) / 6 (per 10 sec) = 868 mls/10 sec

5. The tankis filled slowly to relieve pressure on the heating system.

6. There 2 additives that are used to improve the water quality for larval rearing. 1)NA EDTA and 2)
Soda Ash (sodium carbonate). They are added to the full larvae tank before larvae are added.

7. NA EDTA addition chelates heavy metals to decrease uptake of any heavy metals. NA EDTA is
added at 1mg/litre.

Example: 5000-liter tank at 1mg/liter
5000 x 1mg = 5000mg /1000 (gr) = 5 gr of NA EDTA for 5000-liter tank.

8. Soda Ash (sodium carbonate) addition to larvae tanks is used when aragonite levels are
inhibitory to oyster larvae (generally a caused by ocean acidification). At a higher salinity 28 ppt
and over pH can give an indication of low aragonite levels. | like to see the pH at 8.2. So, if the pH
is 7.8 then | would buffer the water with sodium carbonate to 8.2. | use would use 10mg/litre to
see how high it increased the pH and then add more if necessary.

Example: 5000L algae tank at 7.8 pH, adding 10mg/liter
5000 x 10mg = 50,000mg / 1000 (gr) = 50 gr increased the pH to 8.0. | would then add another
10mg/ liter to raise another 0.2 pH to get 8.2

9. The eggs are stocked to the larvae tank that has had Na EDTA and Soda Ash added. Day 0 is when
the eggs are stocked to a static larvae tank. On Day 1 algae is added (25,000 cells/ml) to supply
food for the D veliger. On Day 2 (48 hours) the D veliger are ready to be harvested, counted, and
stocked to a new tank.
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10. The new tank commences filling the day before and additions of NA EDTA and Soda Ash are
made in the morning to the full tank. The daily algae counts are used to calculate the background

feeding based off the feeding charts.

11.

There are 2 feeding sheets. 1) The Background feeding sheet that is used to bring the density of
algae up to a feeding level before larvae are added to a new tank. 2) The drip-feeding sheet is
used to maintain algae levels in the larvae tank over 2 days. In both sheets the count on the
algae harvest is used based on the age of the larvae. The feeding sheets are also based of the

stocking density. See Appendix for full feeding charts

12. This is an example of using the Background feeding Chart.
Oceans Alaska Oyster Background Feeding Chart for 4800 L
Larval Rearing Tanks
100% WATER EXCHANGE DAYS STATIC
Algae 25,000cells/mL | 40,000cells/mL [ 60,000cells/mL
Density Day 0-6 Day 7-14 Day 15+

(cells/ml) | jtres Per Tank | Litres Per Tank | Litres Per Tank
2,000,000 60.0 96.0 144.0
2,100,000 57.1 91.4 137.1
2,200,000 54.5 87.3 130.9
2,300,000 52.2 83.5 125.2
2,400,000 50.0 80.0 120.0
2,500,000 48.0 76.8 115.2

Figure 19. Example of background feeding chart

The new larvae tank was going to have 8-day old larvae stocked into it. The algae harvest count
was 2.3 million cells/ml. Using the Background feeding chart 83.5 liters of algae would be added

to the new tank before the larvae are added.

13. This is an example of using the Drip-feeding Chart

Rearing Tanks

Drip Feeding Static Tanks

Oceans Alaska Oyster Drip Feeding Chart for 4800L Larval

100% Exchange and Rest Days

25,000 30,000 35,000
cells/ml cells/ml cells/ml
Algae Day 0-6 Day 7-14 Day 15+
Density ay ©- ay ’ ay
(cells/mL) | 3 jaryae/mli 2 larvae/ml 1 larvae/ml
ml/S5sec ml/5sec ml/5sec
2,000,000 3.5 4.2 4.9
2,100,000 3.3 4.0 4.6
2,200,000 3.2 3.8 4.4
2,300,000 3.0 3.6 4.2
2,400,000 2.9 3.5 4.1
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14.

15.

16.

17.

| 2,500,000 | 2.8 | 3.3 3.9
Figure 20. Example of Drip-feeding Chart

The 16-day old larvae with background feeding added needs its drip-feeding set. The algae
harvest count is 2.4 million cells/ml. The drip feeding would be set at 4.1 ml/second. The drip
feeding is re set twice a day.

The new D veliger are harvested using a 41um harvest screen set up under the drain on the tank
and the harvest valve is opened slightly to drain the tank with out overflowing the screen.

See Image below

Figure 21.Non-conical Larval tank harvest and Larval tank orientation

When the tank is empty the larvae are rinsed off the screen into a bucket using 20°C water. The
bucket is topped to the 15 L mark and the larvae are counted.

Larvae are counted the same way eggs are counted on a Sedgwick rafter slide. The bucket of
larvae is mixed well then 1 ml sample is taken using a pipette. The 1ml sample is added to a 10ml
cylinder and topped to 10ml mark to make a 1:10 dilution. The cylinder is mixed well, and a 1 ml
sample is taken from the cylinder and put on the slide. The sample is then counted. Example:
The count is 120 larvae from a 1:10 dilution in a 15-liter bucket 120 x 10(dilution) x 15,000(ml) =
18,000,000 larvae in the bucket.

The stocking density at Day 2 is 3/ml, which is a total of 14.4 million for the tank so some of the
larvae cannot be stocked.

Oceans Alaska Static Larvae Culture
Stocking Density
Day Old |Larvae/ml |Larvae/ 4800L tank

0-6 3 14,400,000
7-14 2 9,600,000
15 Plus 1 4,800,000

Figure 22. Stocking level for larvae oysters

Example: 15 liter Bucket has 18 million larvae and only 14.4 can be stocked.
14.4 / 18 x 100 = 80% x 15(liters) = 12 liters are added to the new larvae tank.
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18. The larvae are harvested, counted, health assessed and re stocked every 2 days until they are

19.

eyed larvae and then are ready to be screened on a 236um screen around Day 26 and moved to
the setting system. The schedule for larval rearing is below.

Oceans Alaska Static Larval Rearing Schedual

Day Stocking larvae/ml Screen Exchange

3 41lum
41un
41un
55um

Stock
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

Figure 23. Larvae Stocking, Screen Size, and exchange Schedule
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On Day 8 and Day 16 the larvae may need to be reduced in density if larval survival is high. A
sample of larvae can be taken from the harvest and 30 larvae can be measured randomly. If after
counting the bucket the population needs to be decreased, then screening can be conducted to
screen out smaller larvae and only restock larger larvae.

Example: 15 L bucket count was 12.3 million larvae on Day 8. The population needs to be
reduced to 9.6 million.

9.6 /12.3 x 100 = 78% The population needs to be reduced by around 22%. After ordering the
sizes in the 30 counts around 22% of the population is under 100um in length. Using the actual
screen opening table the larvae could be screened on a 75um screen to remove 22% of the
population.

Oceans Alaska Actual Screen Opening

Screenum Actual um
41 57.4
53 74.2
75 105
100 140
236 330.4

20.

Figure 24. Screen size vs actual opening

Stackable screens are used to screen larvae. The 41um screen is always on the bottom followed
by the screen that is to be used (in this case the 75um screen). The larvae are screened by
adding the bucket of larvae to the 75um screen and carefully washing the screen with the hose
(20°C). The larvae are moved back and forth over the screen for around 2 min. The top screen is
returned to one bucket and the bottom screen is put in another. Both are topped to the 15 L
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mark. To double check the top bucket is counted and if the count is close then the larvae can be
added to the new tank. The bottom screen larvae can then be discarded.

21. If the top screen has lower numbers than required, then the bottom screen larvae is counted,
and the total population made up from them.

22. When larvae reach around 330um they develop eye spots and feet. This is called a pediveliger
stage and when 50% of the population have eye spots the larvae are ready to be 236um
screened to collect larvae ready to set.

Figure 25. Eyed larvae and Larvae with foot

23. The larvae ready to set are screened off using the stackable screens. The bottom screen can be
41um and the top screen 236um. The larvae are screened with water moving them over the
screen. The bottom screen can be restocked to the new larvae tank. The larvae caught on the
236um screen are put in a Imhoff cone and left to settle. When settled 13.8ml equals 1 million
larvae. These are then set on micro cultch or chemically set.

24. The bottom screen larvae are grown for another 4 days and screened again on 236um screen.
The 236um screened larvae are stocked to the setting system. There should be very little larvae
on the bottom screen. The bottom screen can be discarded.

6. Larval Setting and Seed

Overview

Pacific oyster larvae develop an eye spot and a foot around 330um. At this point they are looking to set
(metamorphopsias). The traditional way to get single oyster seed is to set 236um screened larvae on
finely ground and screened oyster shell (250um to 300um in size). This process allows for one oyster
larvae to set on one grain of shell, which reduces the percent of doubles (2 oysters set together). The
setting process takes place in Weller tanks on 200um screened bins. The screened bins hold the ground
shell and larvae in and allow for water to flow through the setting larvae. Initially the water flow is
circulated down through the screen (downwelling) using pumped and airlifts. Around 5 days later the
circulation is turned around to upwell. The pumps and airlift are changed around to the other side of the
tank.

The screens are cleaned daily with saltwater to rinse away waste in the larvae. At Oceans Alaska we
decided to have a fresh Weller tank full of clean salt water (same temperature) ready to move the bins
into each day. The bins are cleaned with salt water when moving them over to the new tank.

Water and algae are pumped to the Weller tank continuously. When the tank in in down well mode the |
recommend around 3.5 water exchanges per day (250ml/5 sec) and feed 15ml/5sec of algae (or to feed
on the float switch).
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The other way larvae are set is chemical setting using epinephrine. The around 10 million 236um
screened larvae are added to a 500ml container containing 0.175gr of epi and topped to 400m| mark.
Larvae are sat for 2 hours in the epinephrine and then moved to a larger tank full of salt water for 24
hours. The larvae are then harvested and screened on 300um screen. The seed caught on the 300um
screen have metamorphosized and can be moved to a 200um downwell bin at around 4 million seed per
bin. Seed are cleaned daily and treated the same as conventional downwelling system.

Figure 26. Weller Tanks and Screened Seed at Oceans Alaska

6.1 Oceans Alaska Oyster Larvae Setting

Larvae for Setting

1. Larvae are screened on a 236um screen when 50% of the larvae population display eye
spots. What is retained on the 236um screen are then ready to set.

2. Approximately 13.8ml of 236um screened larvae is 1 million larvae. | use an Imhoff cone to
stock setting bins as you can add all the 236um screened larvae to the cone and just use
your finger on the bottom outlet to measure the required number of larvae out.

3. Itis important to have the setting system water the same temperature as the larval rearing
temperature to reduce stress.

Downwelling

1. When setting larvae, the system is on downwell.

2. Use a pump to circulate the water through the weller tank so it is downwelling. | use as much
circulation as possible without causing the screen to block.
Spray bars can be used on the water entering the bin to increase aeration.
200um screens are used with 250um to 300um grade sand cultch.
Use around 0.06ml of cultch per cm Sq of screen. So, around a 175ml of sand per bin.
Stock at around 513 larvae per cm sq of screen for setting. So around 1.5 million larvae per bin.
Do 3.5 exchanges per day on the downweller to maintain water quality.
Feed at around 100,000 cells/ml on the exchange water on continuous flow to the downweller
system. In a 1000L tank with 3.5 exchanges the water flow rate would be around 250ml/5sec. If
the algae density is 2 million cells per ml, then 15ml/5sec of algae would need to be added to
make the exchange water to around 100,000 cells per ml.

© N O RO
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9. Do a 100% exchange every day and wash the setting larvae/sand with saltwater to wash away
feces and to clean the screens so they do not block.

10. Downwell for 5 days before moving to upwell. There may be some larvae that have not set, but |
find | get better survival over all if | move to upwell as soon as possible.

11. Upwell can be done by moving the pump over to the trough side pulling water through the
screen and delivering back to the main tank.

Upwelling

1. When the seed are moved to upwell the circulation can be increased. | like to see the setting
sand vibrating.

2. We are limited by water heating, so the exchange rate can be increased, but only by increments
of 50ml/5sec. | would try moving to 300ml/5sec. The spare tank will need to be filled at the same
time at around 70ml/5sec.

3. After around 9 days of upwelling the seed should be at a size that can be screened off on a
500um screen.

4. This separates the sand from the seed. It is good to check the sand after screening with a
microscope to see if there are still seed to adjust timing of doing the first screening.

5. If the majority of the seed come off on the 500um screen, then the sand can be washed and
sterilized to be used again.

6. Thisis a good time to access the set rate. | do a 1ml count and multiply it buy the total volume of
the 500um screened seed. Then divide it by the total number of larvae set to get the % set rate.
It’s a great figure to work out how to improve the set rate. 30% is a great figure to 500um
screened seed.

7. The 500um screened seed can then be put on a 400um screen bin and continued to be upwelled.

8. |stock upwellers at around 170 seed per cm sq of screen. So around 500,000 seed per bin.

9. The upwellers are cleaned daily. Use a fresh weller tank full of clean salt water (same
temperature) that’s ready to move the bins into each day. The bins are cleaned with fresh water
when moving them over to the new tank at this age.

10. When a % of seed reach 1mm they can be screened off and put in a new bin to reduce
competition for feed and to have uniform growth.

11. Screening is conducted weekly to maintain uniformed size classes to grow out to the required

size.

6.2 Oceans Alaska 500um Screening of Oyster Seed

Overview

Pacific oyster larvae that have been set take around 14 days to reach a size of around 700um. At this
point the oyster seed can be screened on 500um screen to remove the seed from the sand. The 500um
screened seed is then put on 450um bins on upwell. The bigger mesh bins and removal of the sand allow
for greater water flow (oxygen and food) past the seed and allows waste to be more easily washed away
from the seed. Growth rates are optimized.

500um Screening Seed

1.

The sand and seed are combined in one 200um bin from the 3 bins. It is easiest to wash the
sand/seed into the bin with water. This can be done external of the tank.

The bin (bin 1 position) with the combined seed is then sat in a bin in the first location of the
weller tank. The weller tank is full of water, but the airlifts and pump are turned off.
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3. The next bin (bin 2 position) is a 200um bin that the screening is done in (good to use an elbow
turned up to stop sand from escaping out outlet).

4. Screening is conducted in the weller tanks using a 500um round pipe screen that easily fits in the
bin (bin 2 position).

5. Using a small jug some of the sand/seed mix is put onto the 500um screen in the 200um bin in
position 2. The 500um screen is moved up and down and side to side to sift the sand away from
the oyster seed.

6. When there is no more sand on the screen, then pour the oyster seed caught on the 500um
screen into the 400um Bin (bin 3 position).
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Figure 27. Grading oyster seed in weller bins.

7. This process is repeated until all the sand/seed mix has been screened.

It is good practice to check the screened sand in bin 2 under the microscope to make sure there
is not many seed smaller than 700um present. If a lot of seed are seen in the screened sand,
then the bin of sand can be spread into 2 x 200um bins and upwelled for another week and
screened again. The 500um screened seed would then be put on 1 x 400um bin in the same
weller tanks and upwelled.

9. Usually, most seed come of on the 500um screening and the sand is cleaned and can be used
again in the future. There is generally a large amount of dead larvae shells that did not survive
metamorphosis that add to the sand.

10. The 500um screened seed in bin 3 are then put into a jug and the volume is recorded (this can be
used to work out set rate). The seed is then split between 3 x 400um bins and put back in a clean
weller tank.

11. The upwelling is turned on and feeding and water exchange commence again.

12. Daily cleanings continue.

13. Water exchange rates can be continued to be increased (depending on what the heater can
handle) and feeding rates can increased based on algae production (use as much of what is being
harvested to feed as you can)

14. This process is repeated in around 10 days using a 1000um screen to separate larger seed from
smaller seed. This is done because competition for food will start happening. By separating size
classes this helps keep all sizes growing.

6.3 Oceans Alaska 1000um Screening of Oyster Seed
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Overview

Pacific oyster larvae that have been set take around 14 days to reach a size of around 700um. Then in
another 7 days a percentage of the population should be over 1400um. At this point the oyster seed can
be screened on 1000um screen to separate the fast-growing seed to reduce competition for food. Both
plus 1000um seed and minus 1000um seed stays on 450um bins on upwell.

1000um Screening Seed

1.

The seed are combined in one 450um bin from the 3 bins. It is easiest to wash the sand/seed
into the bin with water. This can be done external of the tank.

The bin (bin 1 position) with the combined seed is then sat in a bin in the first location of the
weller tank. The weller tank is full of water, but the airlifts and pump are turned off.

The next bin (bin 2 position) is a 450um bin that the screening is done in (good to use an elbow
turned up to stop sand from escaping out outlet).

Screening is conducted in the weller tanks using a 1000um screen that easily fits in the bin (bin 2
position).

Using a small jug some of the seed is put onto the 1000um screen in the 450um bin in position 2.
The 1000um screen is moved up and down and side to side to sift the minus 1000um seed from
the plus oyster seed until no more seed can be seen coming through the screen.

When there is no more minus 1000um seed going through, then pour the oyster seed caught on
the 1000um screen into the 450um Bin (bin 3 position).

This process is repeated until all the seed has been screened.

Take the total volume of minus 1000um seed and the plus 1000um seed. Counts can be done in
on 1ml of seed and multiplied by the total volume to get the population counts. The average
counts per ml in the table below can also be used to approximate populations based on screen
size.

Seed Counts per Screen Size
Screen Size (um) Count per ml

500 1500
600 1200
1000 1000
1400 250
2000 120
2380 65
3000 30
4000 15
5000 7

Figure 28. Approximate seed counts per screen size

Depending on the split of plus and minus screened seed is (by volume) will decide on how to slip
the seed. | would think there would be more minus 1000um screened seed, so it would get split
into 2 bins and the plus 1000um would stay in one bin.

10. The upwelling is turned on and feeding and water exchange commence again.

11. Daily cleanings continue.
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12. Water exchange rates can be continued to be increased (depending on what the heater can

handle) and feeding rates can increased based on algae production (use as much of what is being
harvested to feed as you can)

13. This process is repeated in around 7 days using a 1000um screen and 1400um to separate larger

seed from smaller seed. This is done because competition for food will start happening. By
separating size classes this helps keep all sizes growing.

14. The screening process is continued weekly with larger screens until the seed reach the desired

size. The seed will need to be expanded into more bins as they grow.

6.4 Chemical Setting of Oyster Larvae

Overview

Chemical setting has been used to improve set rates over traditional micro cultch setting methods
and decrease the amount of equipment/space required. Chemical setting uses chemicals to induce
metamorphosis. A high set rate using traditional micro cultch setting is 30%. Chemical setting can get
set rates as high as 70% with 50% being standard. This can drastically improve the capacity of a small
shellfish hatchery.

Material

(-)-Epinephrine (+)-bitartrate salt E4375-5G
Scale (mg)

500ml Container

Filtered saltwater

200 | conical tank

236um screen

300um screen

Aerator/airstone

200um Banjo Screen

Method

1. Measure out 0.175 gr of (-)-Epinephrine (+)-bitartrate salt E4375 and put aside

2. Use 5 million 236um screened larvae for the treatment. If from Oceans Alaska put the 236um
screened larvae in an Imhoff cone and use 69ml of larvae (13.8ml/million larvae) for the
treatment. If ordered from Hawaiian Shellfish, then get them to make a bundle of 5 million
236um screened larvae.

3. Addthe 0.175gr of Epinephrine to 100ml of saltwater in the 500ml container, then add the
larvae and top with salt water to the 400ml mark.

4. Put the aeration in the container with mild aeration and leave to sit for 2 hours.

5. Fill the 200L conical tank with filtered heated saltwater, add the aeration and 200um banjo
screen. It is best to run the tank as a flow through tank at 2 liter/minute (14 exchanges/day).

6. After the 2 hours is completed pour the 500ml container of treated larvae into the 200L tank.
Rince all larvae out of container.

7. Turn algae drip feed on 12mls/10sec and leave for 24 hours.
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8. Harvest the 200 L tank after 24 hours on a 200um screen. Then screen the larvae over stacked
screens with the top screen 300um and the bottom screen 200um.

9. The seed caught on the 300um screen have metamorphosed. They are put into an imoff cone
and 80ml is stocked to each 200um downweller bin. The seed are grown in the downweller tank
for 1 week.

10. The larvae caught on the 200um screen can repeat the epinephrine treatment again. It is only
advised to repeat the treatment 3 times.

11. After 1 week in the downweller tank the seed is graded on a 500um screen. Plus 500um
screened seed can be transferred to upwelling or a bottle system.

6.5 Shipping Oyster Seed

Overview
Shipping pacific oyster seed is done dry in insulated boxes that are cooled using gel packs. The reason for
shipping them dry is to reduce the risk of oxygen starvation. If the oyster seed were sitting in water they
would open and start respirating, this would quickly strip the oxygen out of the static water and cause
the oysters to be very stressed or die.
Dry oyster seed close and do not require oxygen and having gel packs in there further reduce their
metabolism and keep them at a temperature that they are not stressed.
Oyster seed can be shipped in this manner for optimally 2 days, but up to 4 days with no to low
mortality.
On receiving the oyster seed they can be put into the culture container and put back into salt water as
quickly as possible to further reduce stress.
Equipment Required

1. 5-gallon paint strainer bags. | usually do around 3 liters of seed per bag. At most hardware or paint

stores.

Figure 29. Paint strainer bags used for shipping seed

2. Insulated foam shipping box with cardboard box. Depending on the size of the box will
determine the number of seed you can ship in each.
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Figure 30. Example of insulated shipping boxes

3. Frozen Gel packs. For a large shipping box, | would put 4 gel packs on the bottom of the box. The
gel packs need to be separated from the oyster seed by a layer of cardboard to prevent the seed
from being damaged.

Packing tape.

voe

Bubble wrap. Used to put around the seed in the strainer bad to prevent damage from boxes

being dropped.

5 Gallon buckets

Cable ties

Tags (can be a piece of % pvc cable tied to the bag)
9. Marker Pen

Packing the Oyster Seed

1. Oyster seed is screened before shipping to separate sizes and enable accurate counts to be
conducted.

N

2. The present seed at OSH have been screened as +5mm and -5mm. | would recommend that
the -5mm seed be screened again on a 3mm screen. There would then be 3 size classes to
measure and count:

- +5mm screened seed
- +3mm -5mm screened seed
- -3mm screened seed

3. After the seed has been screened and counted it can be put in separate bins and tagged with
the screening size in preparation for shipping.

4. On the day of shipping the seed can be moved from the bins into the paint strainer bags. Off
memory 3 liters fits well into a strainer bag.

5. Ifind the best way is to put a paint strainer bag into a 5-gallon bucket, then around 3 liters of
seed is tipped into the strainer bag (can be washed in using slat water). The strainer bag can
then be removed from the bucket and cable tied shut

6. The bag of seed is swayed gently back and forward to remove excess water. It then can be
sat on a rack or paper towel to further remove water.

7. The bags are tagged with (all the information helps the farmer to stock their culture vessels):
- Screened Size:
- Count/ml: - Total volume in the bag:

8. The foam shipping box is prepared using 4 gel packs on the bottom for a large box (I have
wrapped these individually with paper towel), then a layer of cardboard that fits snuggly on
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top of the gel packs. Then a layer of bubble wrap and then the bags of labeled seed. Bubble
wrap can then be put around and on top of the seed bags before the lid is put on.

9. The foam box lid should be tapped around to hold it on snuggly, but also the seam of the box
and lid should be sealed to keep the cool air in.

10. The foam box is then put in the cardboard box and taped up. The cardboard box is usually
required to be able to air freight shipments.

11. If paperwork/permits are required copies are put in a plastic sleave on the outside of the
box.

12. The boxes of seed are then ready to be taken to the airport for shipping. | like to have the
shipment pre organized with the shipper. Especially the approximate number of boxes | am
shipping and what the shipper requires for the shipment. Nothing worse than having to
spend all the time getting a shipment ready and then having to take it back to the hatchery
and unpack it.

Appendices

Appendix 1. Weekly Algae Log
Appendix 2. Algae Growth Monitoring Sheet
Appendix 3. Larvae Log Sheet

Appendix 4. Larval Measurement Sheet
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Appendix 1. Weekly Algae Log

Oceans Alaska Microalgae Weekly Log

Date: Harvest AM Harvest PM Random Culture

Sunday pH: pH: ID:
Temp: Temp: pH:
Counts: Counts: Temp:
Cco2: Cco2:

Monday pH: pH: pH:
Temp: Temp: Temp:
Counts: Counts:
Cco2: Cco2:

Tuesday pH: pH: pH:
Temp: Temp: Temp:
Counts: Counts:
CO2: CO2:

Wednesday pH: pH: pH:
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Temp: Temp: Temp:
Counts: Counts:
Cco2: Cco2:

Thursday pH: pH: pH:
Temp: Temp: Temp:
Counts: Counts:
C02: CO2:

Friday pH: pH: pH:
Temp: Temp: Temp:
Counts: Counts:
Cco2: Cco2:

Saturday pH: pH: pH:
Temp: Temp: Temp:
Counts: Counts:
C02: CO2:

Appendix 2. Algae Growth Monitoring

Algae Monitoring

Species:

Date:

Flask Size:

Description:

Day Density Temp pH Observation
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Algae Growth

Millions cells/ml

Days

Appendix 3. Larval Log Sheet
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Oceans Alaska Larval Logs

Batch Number:

Date Spawned: Comments on Spawn:

Tank

Larvae Harvested for Setting

Date Day | From To Count Algae Density |Feed Level

Activity

Size (ave)

Feeding

Lipid

Comments
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H=High M=Medium

L=Low SV=Swollen Vellun

Appendix 4. Larval Measurement Sheet

Larvae 30 Count Measuring Sheet

Batch

Batch

Age

Age

Date

Date

Height

Height

Batch

Batch

Age

Age

Date

Date

Height

Height
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10

11

10

12

11

10

13

12

11

10

14

13

12

11

15

14

13

12

16

15

14

13

17

16

15

14

18

17

16

15

19

18

17

16

20

19

18

17

21

20

19

18

22

21

20

19

23

22

21

20

24

23

22

21

24

23

22

24

23

24
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25
26
27
28
29
30

Min

Max

Ave

Appendix 5. Larval Background Feeding Chart

25
26
27
28
29
30

Min

Max

Ave

25
26
27
28
29
30

Min

Max

Ave

25
26
27
28
29
30

Min

Max

Ave




Oceans Alaska Oyster Background Feeding Chart for 4800 L

Larval Rearing Tanks

100% WATER EXCHANGE DAYS STATIC

25,000cells/mL 40,000cells/mL 60,000cells/mL
Algae Density (cells/ml) Day 0-6 Day 7-14 Day 15+

Litres Per Tank Litres Per Tank Litres Per Tank
1,000,000 120.0 192.0 288.0
1,100,000 109.1 174.5 261.8
1,200,000 100.0 160.0 240.0
1,300,000 923 147.7 2215
1,400,000 85.7 137.1 205.7
1,500,000 80.0 128.0 192.0
1,600,000 75.0 120.0 180.0
1,700,000 70.6 112.9 169.4
1,800,000 66.7 106.7 160.0
1,900,000 63.2 101.1 151.6
2,000,000 60.0 96.0 144.0
2,100,000 57.1 91.4 137.1
2,200,000 54.5 87.3 130.9
2,300,000 52.2 83.5 125.2
2,400,000 50.0 80.0 120.0
2,500,000 48.0 76.8 115.2
2,600,000 46.2 73.8 110.8
2,700,000 44.4 71.1 106.7
2,800,000 42.9 68.6 102.9
2,900,000 41.4 66.2 99.3
3,000,000 40.0 64.0 96.0
3,100,000 38.7 61.9 92.9
3,200,000 37.5 60.0 90.0
3,300,000 36.4 58.2 87.3
3,400,000 353 56.5 84.7
3,500,000 343 54.9 823
3,600,000 333 533 80.0
3,700,000 32.4 51.9 77.8
3,800,000 31.6 50.5 75.8
3,900,000 30.8 49.2 73.8
4,000,000 30.0 48.0 72.0
4,100,000 29.3 46.8 70.2
4,200,000 28.6 45.7 68.6
4,300,000 27.9 44.7 67.0
4,400,000 27.3 43.6 65.5
4,500,000 26.7 42.7 64.0
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4,600,000

26.1

41.7

62.6

4,700,000

25.5

40.9

61.3
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Appendix 6. Larval Drip-Feeding Chart



Oceans Alaska Oyster Drip Feeding Chart for 4800L Larval
Rearing Tanks

Drip Feeding Static Tanks

A9 I Page 100% Exchange and Rest Days
25,000 cells/ml 30,000 cells/ml 35,000 cells/ml
D‘;'ﬁ:i‘:y Day 0-6 Day 7-14 Day 15+
(cells/mL) 3 larvae/ml 2 larvae/ml 1 larvae/ml
ml/5sec ml/5sec ml/5sec
1,000,000 6.9 8.3 9.7
1,100,000 6.3 7.6 8.8
1,200,000 5.8 6.9 8.1
1,300,000 53 6.4 7.5
1,400,000 5.0 6.0 6.9
1,500,000 4.6 5.6 6.5
1,600,000 4.3 5.2 6.1
1,700,000 4.1 49 5.7
1,800,000 3.9 4.6 5.4
1,900,000 3.7 4.4 5.1
2,000,000 3.5 4.2 4.9
2,100,000 3.3 4.0 4.6
2,200,000 3.2 3.8 4.4
2,300,000 3.0 3.6 4.2
2,400,000 2.9 3.5 4.1
2,500,000 2.8 33 3.9
2,600,000 2.7 3.2 3.7
2,700,000 2.6 3.1 3.6
2,800,000 2.5 3.0 3.5
2,900,000 2.4 2.9 3.4
3,000,000 23 2.8 3.2
3,100,000 2.2 2.7 3.1
3,200,000 2.2 2.6 3.0
3,300,000 2.1 2.5 2.9
3,400,000 2.0 2.5 2.9
3,500,000 2.0 2.4 2.8
3,600,000 1.9 2.3 2.7
3,700,000 1.9 2.3 2.6
3,800,000 1.8 2.2 2.6
3,900,000 1.8 2.1 2.5
4,000,000 1.7 2.1 2.4
4,100,000 1.7 2.0 2.4
4,200,000 1.7 2.0 23
4,300,000 1.6 1.9 23
4,400,000 1.6 1.9 2.2
4,500,000 1.5 1.9 2.2
4,600,000 1.5 1.8 2.1
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| 4,700,000 | 15 | 18 21

Appendix 7: Nursery SOP including bottle system

SOP - Oceans Alaska Oyster Larvae Setting and Nursery

Overview

Pacific oyster larvae develop an eye spot and a foot around 330um. At this point they
are looking to set (metamorphopsias). The traditional way to get single oyster seed is to
set 236um screened larvae on finely ground and screened oyster shell (250um to
300um in size). This process allows for one oyster larvae to set on one grain of shell,
which reduces the percent of doubles (2 oysters set together).

The setting process takes place in weller tanks on 200um screened bins. The screened
bins hold the ground shell and larvae in and allow for water to flow through the setting
larvae. Initially the water flow is circulated down through the screen (downwelling) using
pumped and airlifts. Around 5 days later the circulation is turned around to upwell. The
pumps and airlift are changed around to the other side of the tank.

The screens are cleaned daily with saltwater to rinse away waste in the larvae. At
Oceans Alaska we decided to have a fresh weller tank full of clean salt water (same
temperature) ready to move the bins into each day. The bins are cleaned with salt water
when moving them over to the new tank.

Water and algae are pumped to the weller tank continuously. When the tank in in down
well mode the | recommend around 3.5 water exchanges per day (250ml/5 sec) and
feed 15ml/5sec of algae (or to feed on the float switch).

The other way larvae are set is chemical setting using epinephrine. The around 10
million 236um screened larvae are added to a 500ml container containing 0.175gr of epi
and topped to 400ml mark. Larvae are sat for 2 hours and then moved to a larger tank
full of salt water for 24 hours. The larvae are then harvested and screened on 300um
screen. The seed caught on the 300um screen have metamorphosized and can be
moved to a 200um downweller bin at around 4 million seed per bin. Seed are cleaned
daily and treated the same as conventional downwelling system.

Larvae for Setting

1. Larvae are screened on a 236um screen when 50% of the larvae population
display eye spots. What is retained on the 236um screen are then ready to
set.

2. Approximately 13.8ml of 236um screened larvae is 1 million larvae. | use an
Imhoff cone to stock setting bins as you can add all the 236um screened
larvae to the cone and just use your finger on the bottom outlet to measure the
required number of larvae out.
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3. ltis important to have the setting system water the same temperature as the
larval rearing temperature to reduce stress.

Downwelling

When setting larvae, the system is on downwell.

2. Use a pump to circulate the water through the weller tank so it is downwelling. |
use as much circulation as possible without causing the screen to block.

3. Spray bars can be used on the water enthave ering the bin to increase aeration.

4. 200um screens are used with 250um to 300um grade sand cultch.

5. Use around 0.06ml of cultch per cm Sq of screen. So, around a 175ml of sand
per bin.

6. Stock at around 513 larvae per cm sq of screen for setting. So around 1.5 million
larvae per bin.

7. Do 3.5 exchanges per day on the downweller to maintain water quality.

8. Feed at around 100,000 cells/ml on the exchange water on continuous flow to the
downweller system. In a 1000L tank with 3.5 exchanges the water flow rate would
be around 250ml/5sec. If the algae density is 2 million cells per ml then 15ml/5sec
of algae would need to be added to make the exchange water to around 100,000
cells per ml.

9. Do a 100% exchange every day and wash the setting larvae/sand with saltwater
to wash away feces and to clean the screens so they do not block.

10. Downwell for 5 days before moving to upwell. There may be some larvae that
have not set, but | find | get better survival over all if | move to upwell as soon as
possible.

11. Upwell can be done by moving the pump over to the trough side pulling water
through the screen and delivering back to the main tank.

Upwelling

1. When the seed are moved to upwell the circulation can be increased. | like to see
the setting sand vibrating.

2. We are limited by water heating, so the exchange rate can be increased, but only
by increments of 50ml/5sec. | would try moving to 300ml/5sec. The spare tank will
need to be filled at the same time at around 70ml/5sec.

3. After around 9 days of upwelling the seed should be at a size that can be
screened off on a 500um screen.

4. This separates the sand from the seed. It is good to check the sand after
screening with a microscope to see if there are still seed to adjust timing of doing
the first screening.

5. If the majority of the seed come off on the 500um screen, then the sand can be
washed and sterilized to be used again.

6. This is a good time to access the set rate. | do a 1ml count and multiply it buy the

total volume of the 500um screened seed. Then divide it by the total number of
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larvae set to get the % set rate. It's a great figure to work out how to improve the
set rate. 30% is a great figure to 500um screened seed.

7. The 500um screened seed can then be put on a 400um screen bin and continued
to be upwelled.

8. | stock upwellers at around 170 seed per cm sq of screen. So around 500,000
seed per bin.

9. The upwellers are cleaned daily. Use a fresh weller tank full of clean salt water
(same temperature) that’s ready to move the bins into each day. The bins are
cleaned with fresh water when moving them over to the new tank at this age.

10. When a % of seed reach 1mm they can be screened off and put in a new bin to
reduce competition for feed and to have uniform growth.

11. Screening is conducted weekly to maintain uniformed size classes to grow out to
the required size.

Bottle System

The 60 bottle system in the nursery container provide an optimal growing environment to
grow the seed to +4mm. Initial stocking is done at the +750um size. At this size there
are around 1100 seed per ml. The bottles are stocked with a minimum of 500m|
(550,000 seed). Initially only 10 bottles will be stocked with +750um seed. The seed will
grow from the 500ml at stocking to 3 liters when the bottle is full. At this point the seed
are screened on 1500um screen. The +1500 seed and -1500 seed are separated and
stocked into bottles at 1 liter per bottle. They are separated to decrease competition for
food. This continues screening on 2mm, 3mm and finally 4mm. The 4mm screened seed
are then ready to be shipped to the FLUPSY for on growing. If minus seed stops
growing (usually after been screened on the same screen twice and still been minus) it
can be discarded as it is not growing.

The bottle system has a 2000-liter sump that the bottles circulate through. Water is
pumped from the sump into a header tank and the bottles are gravity fed water. The
sump has fresh heated salt water flowing into it (exchange) and algae. Oyster seed do
best with high exchange and high feeding. The limiting factor is algae production; you
can only exchange at a rate that allows for optimal feeding. The container bottle system
is designed to be able to do a maximum of 40 exchanges per day. It is recommended
that the exchange be calculated at 900mls/min/bottle. When there are 60 bottles
operating the flow rate will be 54 liters per min into the bottle system sump. All algae
production will be always pumped to the bottle system sump (even when there is only 10
bottles).

Screen Size
(um) Count per ml
500 1500
600 1200
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1000 1000
1400 250
2000 120
2380 65
3000 30
4000 15
5000 7

Seed per screen size sheet

1.

2.

9.

When the seed reach +750 um screened seed in the upwellers they can be
moved to the upwelling bottle system.

The minimum amount of +750 um screened seed that can be added to a bottle is
500ml of seed. This will ensure the seed circulates properly in the bottle.

The seed will grow in the bottle until the bottle is about to overflow seed (around 3
liters of seed). At this point they are ready to be screened.

Screening is conducted in the same manner in the weller tank system.

The first screening is on a 1500um screen. The +1500 and -1500um seed are
separated and stocked back into bottles at 1 liter per bottle.

The seed then grown until it is close to overflowing out of the bottle and screened
again. The -1500um seed from the last screening gets screened on a 1500um
screen again for the +1500um seed.

The seed that was +1500 from the previous screening will get screened on
2000um screen and the + and — separated.

The bottles are labeled with the ID number. | use the date they were set. The date
screened, what it is (+1500um) and the volume stocked.

Example:

190325

250325 +1500

1200ml|

The volume on the bottles enables quick stock assessment of the numbers you
have using the seed per screen size sheet.

10.If the seed has been minus twice on the same screen size, | put 2 minuses before

the screen size

Example:

190325

290325 -1500

1200ml

This recognizes the batch as seed to keep an eye on and maybe discard if it is
not growing.
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11.The growing seed is continued to be grown and screened on 1500um, 2000um,
3000um and finally 4000um.

12.The 4000um seed can be held until there is enough to ship to the FLUPSY. It is
recommended that the +4000um seed be moved out of the hatchery as soon as
possible to increase food availability for the smaller seed.



