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• 20-30 min interview: 
• Ranking threats 
• Input on leveraging environmental 

memory as an adaptation strategy 

Connor Lewis-Smith

Grower Survey:  
Perceptions of threats and proposed adaptation strategies
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Grower Survey:  
Perceptions of threats and proposed adaptation strategies



Environmental Priming 

Would you pay more for primed seed?

Would you consider implementing environmental priming in your 
hatchery?

Response Percentage
Yes, immediately 0%
Yes, starting with a test plot 17%
Yes, but after other growers try it 7%
Yes, but after reviewing data supporting 
the practice 53%
No 23%

Response Percentage
Yes, immediately 7%
Yes, but after other growers try it 7%
Yes, but after reviewing literature 
supporting the practice 64%
No 21%
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78% of hatcheries would consider 
adopting environmental priming 
practices, most only after reviewing 
supportive literature 

70% of respondents would be willing 
to pay more for primed seed, most 
only after a test plot or supportive 
literature 
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HOLLIE PUTNAM AND RICK GOETZ

GEODUCKS CLAMS

▸ Does conditioning to low pH confer 
tolerance within a generation?
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Pacific Oyster
Ongoing Efforts

• Priming 
- Immune Challenge 
- Temperature 
- Salinity 
- Multiple

• Performance Testing 
- Survival 
- Growth 
- Metabolism*
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LAURA SPENCER

▸ Larval release occurred earlier in warm-
exposed oysters  

▸ Winter warming conditions increased 
larval production 

▸ No effects on larval survival were detected  

▸ Juveniles of parents exposed to 
elevated pCO2 had higher survival rates 
in the natural environment

EFFECTS OF TEMPERATURE AND OA IN OLYMPIA OYSTER POPULATIONS
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“important traits”

\

Selection

Environment

ECOLOGICAL EPIGENETICS

DESIRED TRAITS
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PUTNAM ET AL

GEODUCKS AND OA
Following four months of ambient 
common-garden conditions, juveniles 
initially exposed to low pH 
compensatorily grew larger, with 
DNA methylation indicative of these 
phenotypic differences, demonstrating 
epigenetic carryover effects persisted 
months after initial exposure.



EXCITING? 
COMPLEX 
‘LAYER’ OF RESILIENCE



TEXT

EPIGENETIC AND GENETIC POPULATION STRUCTURE 
First characterization of genome-wide DNA 
methylation patterns in the oyster genus Ostrea 

Identified 3,963 differentially methylated loci between 
populations. Clear coupling between genetic and 
epigenetic patterns of variation, with 27% of 
variation in inter-individual methylation 
differences explained by genotype. 


Underlying this association are both direct genetic 
changes in CpGs (CpG-SNPs) and genetic variation 
with indirect influence on methylation (mQTLs). 



IMPLICATIONS

EPIGENETIC AND GENETIC POPULATION STRUCTURE 
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Resazurin



Resazurin

Highly fluorescent (excitation ~570 
nm, emission ~585 nm) 

The amount of resorufin produced is 
directly proportional to the metabolic 
activity of the cells.



Applications Resazurin

Is metabolic activity associated with a stress event different when oyster had 
previously experienced a stress? (Is there evidence for functional priming?)
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Resazurin Ariana Huffmyer - UW

Offspring from immune-challenged 
parents exhibited greater metabolic 
flexibility





More Applications



Conclusions and Next Steps
Environmental Memory (Epigenetics) can be useful for aquaculture

• Environmental conditions can influence later phenotypes without 
genetic selection.

• In many cases a protective phenotype is prevalent under extreme 
conditions.

• Cross-protection makes priming practice amenable in aquaculture.

• There is a complex genetic - epigenetic relationship

• Inexpensive physiological assays can be used to assess how priming 
can improve performance. 



Conclusions and Next Steps
More Questions 

• What stress, intensity, timing, developmental stage is best for 
priming?

• How does DNA methylation, non-coding RNA, histone modification 
work together to imprint a memory?

• What is the role of the microbiome?

• Can epigenotype selection be useful tool in aquaculture industry?



ACKNOWLEDGEMENTS

▸ Ariana Huffmyer (UW), Sam White (UW), 
Brent Vadopalas (UW), Shelly 
Wanamaker (UW), Valentina Valenzuela 
(U Concepcion), Sam Gurr (OSU), Hollie 
Putnam (URI), Laura Spencer (UW), 
Katherine Silliman (NOAA), Yaamini 
Venkataraman (WHOI), Katie Lotterhos 
(NEU)

github.com/sr320/talk-EpiAqua-2026


