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. Background
. Larval Rearing Experiment (2015)
. Larval Rearing Experiment (2016)
. Larval Rearing Experiment (2017)
. Future Needs
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Art. Prop. & Rearing Protocols

2016 AFS Book “Jawless Fishes of the World”
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* Prolonged spawning season (April — July)
* Fecund species (>100,000 eggs)
= Eggs are sticky (stick to substrate)
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Life Stage Survival Rates
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Collaborative Experiment
on Bottleneck Life Stage
(YN, CTUIR, USFWS)

*Timing of Initial Feeding (USFWS)
(25, 30, 35 days post fertilization)

*Feed Particle Size / Amount (CTUIR/NOAA)
(150, 100, 50, <50 micron)

*Density of Fish (YN)
(300, 150, 75 g/m?)

Early Larva Feeding Study (2015)

*20 aquariums (25 L,
0.125 m?, 1 L/min)

*2015 study questions
v Timing of die offs
v Effects of density

v Effects of larval &
alternative feeds
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£ - 2015 Results:

Timing of D|e Offs & Growth
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2015 Results: Density

High = 3000/m?, Medium = 1500/m?, Low = 750/m?
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2015 Results: Alternate Feed
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Early Larva Feeding Study (2016)

*20 aquariums (25 L,
0.125 m?, 1 L/min)
*2016 study questions

*Density / Feed
combinations

*Frequency &
Ramping in Feeding

* Water Off during
Feeding

* Effects of larval &
alternative feeds

2016 Results: Density / Feed Combination
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2016 Results: Frequency of Feeding
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2016 Results: Alternate Feeds
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Early Larva Feeding Study (2017)

*20 aquariums (25 L,
0.125 m?, 1 L/min)

*2017 study questions
*High feed limits

* Alternative &
combination feed
(leaves, various
flour, FW mussel
feed, etc.)

* Effects of vibration &
water change
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2017 Results: Alternative Feeds
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2017 Results: Alternative Feeds
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2017 Results: Alternative Feeds
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2017 Results: Transport Simulation

Vibration Study

First feeding larvae
sensitive to long term
(5 hr) vibration
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2017 Results: Transport Simulation

Water Change Experiment
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2018 YN Plans

U Adult Sexual Maturation Study (January - March)
o 90% River/ 10% Well
o 50% River/ 50% Well
o 10% River/ 90% Well
U Combined effects of sediment depth & density
o YOY larvae
O Optimum feeding frequency
o x1/ weekvs.x3/ week
U Alternative Feeds
o Flour(wheatvs. brownrice vs. 10 grain)
o Synergistic combinations of alternative feeds
() Sensitivity to transportation (egg to larvae stage)
U Continue to rearolder larvae to reach macrophthalmia stage

Space Requirement
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Optimal Release Sites

Acclimation
Ponds
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In Summary

J We have made huge strides in advancing the techniques for
art prop & rearing of larvae to macro (only one other group
from Japanin 1980s have ever succeeded!)

U The unique assets of the 3 partners made it possible:

o YN - broodstock holding capacity, larger culture facility for
multiple year classes, river & well water access, access to
wild / translocated fish (macro/larvae), etc.

o CTUIR/NOAA - broodstock holding, small recirculating well
water facility, minimal water footprint, high biosecurity,
access to wild / translocated fish, etc.

o USFWS -medium sized facility, flow-through creek & well
water, analysis lab for fish & feed analysis, temperature
control capability, many small tanks for replicated
experiments

Future Needs

Q) Seeking funding for USFWS (2018)
U Seeking funding for 2019-2021
(YN, CTUIR/NOAA, USFWS)
o Why3 moreyrs?
v Macrophthalmia production takes 4-7 yrs
v 6 yrsis a min.to succeed in the macro production &
associated tests (hence, 3 more years)
v’ Continuous & annual propagation & rearing needed to
have sustained supply of study fish
o Why 3 entities?
v Bestnotto “putall the eggsin the same basket”
(spreading across 3 partners for “source” fish)
v Insures biosecurity of older larvae & more space,
infrastructure, and expertise available
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Future Needs

O Seeking funding for 2019-2021
(YN, CTUIR/NOAA, USFWS)
o Whynotuse wild macros?
v Wild macro migration timing sporadic (typically all at
once) & hard to predict
v' Even predictable, it may not coincide with study
timing
v' Dryden Diversion has many macro, but uncertainty
about # (yearto year) & capture seasonin the fall
(not part of migratory season)
o Endresults?
v Ability to produce a few hundred to thousands of
macro at the end of the extended contract (2021) &
road map for “how to” produce them effectively

Future Needs

U Seeking funding for 2019-2021
(YN, CTUIR/NOAA, USFWS)

o Macro certainly useful for survival studies, butalso a
benefit in pursuing this for a restoration / mitigation tool
(supplementation) as well as for conservation hatchery
(biosecurity)

o Lots of costshare / matching funds from the 3 partners
- high “bang for the buck”

o Next 3 years may be the most critical time to advance our
knowledge on macro production & future management
directions

o Chelan fundingcritical for continuing the unique
collaboration and focused research for macro production
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Future Needs

Maximize Survival and Growth
- optimization of feed & ration
- optimization of food delivery
- optimization of culture density

Future Needs

Identify env. or physiological cues that trigger metamorphosis
- assess metamorphosis of larvae in various physiological
conditions (e.g., lipid levels, size at age, etc.)
- assess metamorphosis of larvae held under different
env. conditions (e.g., simulated winter cooling)
- assess metamorphosis rates of late-stage cultured
larvae held in lab & field (mesocosm)
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Future Needs

Assess “wild-like” characteristics to insure that cultured fish are
good surrogates for wild ones
- compare morphology of wild & cultured
macrophthalmia
- compare swimming performance of wild & cultured
macrophthalmia
- compare behavior of wild & cultured macrophthalmia
(e.g., depth preference, light responses, etc.).

Future Needs

Increase efficiency & economy of hatchery operations
-investigate options for automatic feeding
-investigate options for high density culture & vertical

stacking
-investigate options for polyculture & use of enclosed
ponds, raceways, or canals

Capsule Hotel in Tokyo, Japan

© Durham

“the art of packing people in comfortably”
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