Alabama Aquatic Biodiversity Center




* Introduction- Outline
e Juvenile mussel culture systems from metamorphosis to release
— Culture flow chart- Growth chart
— Facility
— Indoor culture systems
e Culture of newly metamorphosed juveniles
— Static aquaria with sediment (covered by Beth)
— Mucket Buckets
* Secondary indoor culture systems
— Rearing pans, raceways and sediment bubblers
— Flow-through bucket culture systems
— Raceway upweller
— Filtration
BREAK
— Outdoor pond culture systems
* Pond upwellers (FLUPSYS and SUPSYS)
— Water or air pump driven
* Baskets
— In stream culture systems
e Silos and Bunkers
» Cages (covered by Nathan)
— Snail culture Systems
— Facility containment devices
— Mollusk culture facility list
e Discussion / Important variables

— Feeding and nutrition (covered by Rachel), flow, temperature, sediment vs. no sediment,
release size, number and size of stockings (covered by David), tagging (covered by Hua and
Bryan)



Modified slide from: Tanja Eybe et al. Freshwater Mussel Rearing Facility, Luxembourg
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Juvenile Mussel Growth Comparison
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AABC Facilities

Culture building, snail
pad, and mussel pavilion

Two water sources:
125 gpm groundwater
75 gpm surface water

Maintenance & culture
assembly building

Administrative building

Ponds for mussel and
host fish culture
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Compact and Mobile
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HruSka boxes

Culture methods for Margaritifera
Hruska 1992 (reviewed in Gum et. al. 2011).




HruSka boxes

. 200 juveniles/box

- 500 mL static water
18-20 ppm microalgae
Weekly/Biweekly renewal
25 ml sediment sieved

<150pm
.- Dissolved oxygen

75% saturation at
sediment surface

Minimum 22% at depth




Species that prefer HruSka boxes

Primarily Margaritiferidae and Unionidae/Anodontines

* Luxembourg
— Margaritifera margaritifera
— Unio crassus
* Missouri State
— Margqaritifera falcata
— Arkansia wheeleri
— Arcidens confragosus
— Anodonta californiensis
— Anodontoides ferussacianus

* AABC

— Margaritifera marrianae
— Strophitus connasaugaensis

After two month )




Tanja Eybe, Frankie Thielen, Thierry Muller, Leo Klein, Sonja Heumann, Alexandra Arendt, Freshwater Mussel Rearing Facility, Luxembourg




Pierrick , Frankie Thielen, Thierry Muller, Leo Klein, Sonja Heumann, Alexandra Arendt, Freshwater Mussel Rearing Facility, Luxembourg




AHAB tanks and sediment
buckets-static substrate
systems

e 2.8-L AHAB tanks / 5-gallon
buckets

e Supplemental microalgae
added, target concentration is 1
nl/ml

e 17-26C

e <250 um sand, <125 um silt,
mix of sand and silt, 50-100 ml

* 1-2 mm/month on average

e 5,000 in ATs and 10,000 in SBs

 Water is changed 1x weekly
and sediment is changed 1x
weekly to 1x monthly

e Calcium is added to increase
hardness to about 125 ppm
and 5 um filtered pond water is
used




Water level

Upper bucket

Juvenils chambers

Mesh scresn

Lower bucket

C

A. Side view diagram of bucket system. Water recircuiates between the top bucket and the boftom bucket using a smail
submersible pump. The water flows through the nylon screens in the juvenile chambers in the fop bucket info the boffom
buckef and is pumped back fo the top bucket. B. Mesh coniainers for holding juvenile mussels opened to show mesh
screen. C. Nested mesh coniainers for holding juvenile mussels from side view. D. Small submersible pump used to

pump water from the botfom bucket to the fop bucket. E. Overhead view of the bucket cufture system with mesh
containers. Phofos from Mair (2013).

Rachel Mair, Aquatic Resource Recovery Center, WV






Peristaltic pumps deliver food to buckets
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Bucket system for juvenile mussel culture (modified
from Barnhart’s bucket)

Feeding system- water
bottle (for dogs)
Electronic auto-off Timer
(H3CR-F8-300, OMRON
Corporation)

Solenoid valve
(Evolutionary Concepts
Inc.)

Dispense rate is once per
hour

Fed daily- room
temperature

Bottle change-
once/week




Bucket system

5 chambers

18-25C

1,500 juveniles in each
chamber

750 um to 1 mm/month
Stunt at 7 mm if not
moved

Typically 1-3 mm then
move

Survival highly variable
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P. capax (5 months, ~5 mm)
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Missouri State University

Chris Barnhart, Missouri State University
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Fig 1 Schematic diagram of the recirculating syseem 1 (a.
with a filter plate) and 2 (b, without a filter plate ) used to rear
freshwater pearl mussel juveniles (%0150 days). Amows
show water current.

Kovitvadhi and Kovitvadhi. 2013, Thailand




a) Young juvenile set-up

inflow

spray bar
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outflow

mussels and fine gravel

b) Older juvenile set-up (8 months +)
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(Scriven et al. 2011) Mawddach Fish Hatchery in, Wales, UK
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Hua Dan, Freshwater Mollusk Conservation Center, Department of Fish and Wildlife Conservation, Virginia Tech




Trough systems in grow-out building (supplied by pond
water)
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Hua Dan, Freshwater Mollusk Conservation Center, Department of Fish and Wildlife Conservation, Rachael Hoch, Marion Conservation Aquaculture Center




Top: Reanng pan system at Aquatic Wildlife Conservabion Center,
Marion, Virginia. Botiom: Ciose-up of the plastic culture pans, center
rain, filter socks, and sump. Photo credit: Nathan Eckert, USFWS.

Nathan Eckert, Aquatic Wildlife Conservation Center, VA; Brian Watson VFAWC, DGIF



Missouri State University

Chris Barnhart, Missouri State University



Alabama Aquatic Biodiversity Center, ADCNR
and Rachael Hoch, Marion Conservation Aquaculture Center, Marion, NC; Henley et al. 2001




dontines (Aeration, regenerative blower 2hp)
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Paul Johnson, Todd Fobian, Michael Buntin, Alabama Aquatic Biodiversity Center, ADCNR



Flow-Thru Bucket Culture System: 454 L- 5-7 cups/bucket

Lampsilines, Quadrulines, & Amblemines
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Paul Johnson, Todd Fobian, Michael Buntin, Alabama Aquatic Biodiversity Center, ADCNR



* Inflow- 1:3 ratio Well:Filtered (200um) Pond
7ml/sec Well and 20ml/sec Pond
* Each cup in the buckets is receiving ~0.01-

0.02 L/cup/sec
e N=2-950 pumps in lower sump for upper
tank gravity feed

Mucket Buckets

Inflow:
Well &
Pond

= T 1L L I

Drain

D
[
overflow  OYStem fed daily by peristaltic pump (Made in USA - Peristaltic Metering Pumps) at 6hr intervals for

drain 10min. each interval, feeding from a 2000mL beaker of stock solution (2000mL well water, 2ml nano,
17ml shellfish diet, kept refrigerated 10°C)



Juvenile Pond Water Filtration Supply

* MCAC

— Filtered 100pum
to 45um to 30
um

— UV treated at
200 Watts

* AABC

— 500 um to
200um
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A. Top view of an indoor recircwafing upwelier system. Tempersiure-controlled waler is recirculated from the sump info
the recfamguiar ank. Each mussel sisve chamber drains back indo the sump. An air manifold keeps the algae in
suspension. B. Side view of the upweller system. Waier is pushed up info the musse! chambers and then out the side of
the chamber where is dmins fo the sump. C. Mussel chamber with dmensions. Source: Mair (201.3).

Rachel Mair, Aquatic Resource Recovery Center, WV




MCBarnhart 2011

Chris Barnhart, Missouri State University, Kansas City Zoo
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4 and B. Marine FLUPSY, with close-up of mussel chambers. Source: Helm and Boumne (2004). C. Schemabc



Chris Barnhart, Missouri State University



Water line Flotation

Pump Bins

Chris Barnhart, Missouri State University
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Chris Barnhart, Missouri State University



M. C. Barnhart

Chris Barnhart, Missouri State University, Kansas City Zoo



Flupsy at Kansas City Zoo

e 14x16’ platform

e 16 34-gallon bins

e 10-inch manifold
with 2 HP pump

e S3,800 materials

Chris Barnhart, Missouri State University
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Paul Johnson, Todd Fobian, Michael Buntin, Alabama Aquatic Biodiversity Center, ADCNR
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Paul Johnson, Todd Fobian, Michael Buntin, Alabama Aquatic Biodiversity Center, ADCNR




Alabama Lampmussel, Lampsilis virescens — May 2010 transformed

SUPSYS trial initiated 14 days previous
Photo taken July 23, 2010







A and B. Floafing cages cumrently in use af Hamson Lake Nabonal Fish Haltchery, Virginia Fish and Aquatic Wildlife Center..
Photo A: Bnan Watson, Virginia Depariment of Game and Inland Fisheries. Photo B: Rachel Mair, USFWS

North Carolina State University, Harrison Lake National Fish Hatchery, Virginia Fish and Aquatic Wildlife Center, Marion Conservation Aquaculture Center




Silo systems developed by Dr. Chris Barnhart at Missouri State University




Bernoulli effect causes flow
through chamber

Chris Barnhart, Missouri State University



Deployed Mussel Silo
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9 Month old Southern Fatmucket placed into silo upwellers, May 11, 2010.
sample split into 3 different silos. Silos placed in Cahaba River, Bibb Co.,
Alabama.




-’
-

500 oy 10 wofyes

Photograph of Southern Fatmucket from Silo # 3 taken
August 13, 2010 = 90 days after trial initiation.




Chris Barnhart, Missouri State University
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Tanja Eybe, Frankie Thielen, Thierry Muller, Leo Klein, Sonja Heumann, Alexandra Arendt, Freshwater Mussel Rearing Facility, Luxembourg




AABC Gastropod Culture Production Pad — Interior View
for mass culture of conservation targets
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Snail species with spawning substrate/crevice preference
* Four suspended powerheads

« Solid bricks and terracotta tiles substrate | ! i | (-
Pluerocera (fine sediment added) | '

* 60 gallon mortar style tanks

* Well or pond water supply (primarily well)

e Standpipe covers

* Shade top covers (algae control) (non treated wood
shade cloth)

* Fine mesh nets (daily waste/excess algae removal)

* Snail densities (150-200 adults) (50 adults and 500-
1000 juveniles)

* Heaters added for temperature control along with well
water supply (500 Watt Titanium)

e Aeration, regenerative blower 2HP







Facility Containment Devices

Central effluent
capture sump

Hydrotech drum
filter 80 um

Gravel and sand
chambers



Discussion

e Different system designs based on resources, goals and species
* Species culture variables/preferences-

Large river species culture gaps (ex. Plethobasus sp., Hemistena lata)
Feeding and nutrition (covered by Rachel)

Flow

» Barnhart unpublished silo study 2006 showed flow and food interaction/limitations at
sites (high flow low food not growth limiting/ low flow high food somewhat growth
limiting/ low flow low food growth limiting)

» AABC ideal bucket cup flow ~0.01-0.02 L/cup/sec (Barnhart 2006, ~0.015 L/cup/sec)
Temperature

* mean LT50 in 96-h juvenile tests was 34.7°C and ranged from 32.5 to 38.8°C (Pandolfo,
et al. 2010)

* mean LT50 35.6°C and ranged from 33.3 to 37.2°C (Archambault et al. 2013)
Sediment vs. no sediment

* Survival and growth of juvenile mussels was significantly greater when cultured in a
sediment substratum rather than sand or no substratum (P < 0.001)(Jones et al. 2005)

Release size
* Release of larger (>20mm) individuals (Carey et al. 2015)

Number and size of stockings

e >10,000 individuals (Ne=500) Clinch River, respectively, and ideally should be
comprised of multiple smaller demes spread throughout a river (Jones et al. 2012)

Tagging (covered by Hua and Bryan)



Facility

Alabama Aquatic Biodiversity Center, AL

Aquatic Epidemiology and Conservation Laboratory, NC
Aquatic Resource Recovery Center, WV

Aquatic Wildlife Conservation Center, VA

Aquatic Wildlife Conservation Center, VA

Center for Mollusk Conservation, KY

Cumberland River Aquatic Center, TN

Freshwater Mollusk Conservation Center, VA
Freshwater Mussel Conservation & Research Center, OH
Freshwater Mussel Rearing facility , Luxembourg
Genoa National Fish Hatchery, WI

Harrison Lake National Fish Hatchery, VA

Institute for Great Lakes Research, Ml

Institute for Great Lakes Research, Ml

Marion Conservation Aquaculture Center, NC

Marion Conservation Aquaculture Center, NC

Missouri State University (Barnhart Lab), MO
Southeast Ecological Science Center, FL

Virginia Fisheries & Aquatic Wildlife Center, VA

South Auburn Fisheries Research Station, AL

Natchitoches National Fish Hatchery, LA

VT

CZA
Mill of Kalborn
USFWS
USFWS
cMu
cMuU
NCWRC
NCWRC
MSU
USGS
VDGIF
AU

Contact Person

Dr. Paul Johnson

Chris Eads

Rachel Mair

Megan Bradley
Amanda Duncan

Dr. Monte McGregor
David Sims

Dan Hua

Dr. G. Thomas Watters
Dr. Frankie Thielen
Nathan Eckert
Michael Odom

Dr. Dave Zanatta

Dr. Daelyn Woolnough
Peter ) Lamb

Rachael Hoch

Dr. Chris Barnhart
Nathan Johnson

Brian Watson

Jim Stoekel

Tony Brady
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2nd International Seminar Rearing of
unionid mussels

Clervaux, Luxembourg, Tuesday 24th November -
Thursday 26th November 2015

LifeUNIO

Restoration of Unio crassus rivers in the Luxemburgish Ardennes

LIFET 1 NAT/LU/857
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Interactions of flow, food density, and stocking density on
food availability in silo
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