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PARENTAL WINTER EXPOSURES INFLUENCE

OLYMPIA OYSTER LARVAE



THE OLYMPIA OYSTER

White, Ruesink & Trimble 2009, J. of Shellfish Research 

Pacific Coast native oyster, 
populations crashed early 1900’s



THE OLYMPIA OYSTER
Potential threats: warming & acidification

Winter temp. anomaly (JFM) 2015

Lowe, Bos & Ruesink 2019 
Nature Scientific Reports

Shifting carbonate chemistry 
Puget Sound pH lowest in winter

Rising temperatures
Marine heat waves

Milder winters

Di Lorenzo & Mantua 2016
Nature Climate Change  

Puget Sound pH by month, 25-yr dataset



Negative impacts of larval exposure

– ê Larval growth, survival (Hettinger et al. 2013)

– ê Juvenile growth after larval exposure 
(Hettinger et al. 2012)

Also evidence of larval tolerance 
(Waldbusser et al. 2016)

Parental carryover effects? 

OCEAN ACIDIFICATION, OLYMPIA OYSTER



• Pacific oyster  = negative carry-over
– ê larval survival (Venkataraman et al. 2019)

• Sydney rock oyster = positive carry-over 
– é larval growth  (Parker et al. 2012, 2015, 2017)

PARENTAL CARRYOVER EFFECTS,
OTHER OYSTERS



Olympia oyster research questions: 

Does parental winter environment 
impact larvae?

If so, positive or negative?



DESIGN

Adults in pH treatment 
(52 days, Feb. & Mar.)

Low (7.3) 
Ambient (7.8)

Adults conditioned / induced to spawn 
(30 days, Apr.)

Phase ConditionsTime

Spawning 
temperature

(18°C)

Ambient pH 
(7.8)

Larvae collected 
(60 days, May - June)

Adults in temperature treatment 
(60 days, Dec. & Jan.)

Cold (6°C) 
Warm (10°C)

Larvae collected 
(60 days, May - June)



LARVAE COLLECTED FOR 60 DAYS, 
MEASURED UPON RELEASED

Adults in pH 
treatment

Adults 
conditioned

Larvae 
collected 

Adults in 
temperature 

treatment



NEWLY RELEASED LARVAE
SHELL SIZE ~ PARENTAL WINTER TREATMENT

Adults in pH 
treatment

Adults 
conditioned

Larvae 
collected 

Adults in 
temperature 

treatment
Warm = é
shell size

Lower pH =
é shell size

Why?
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LARVAL RNA SEQUENCED FOR
GENE EXPRESSION

Adults in pH 
treatment

Adults 
conditioned

Larvae 
collected 

Adults in 
temperature 

treatment



NEWLY RELEASED LARVAE
GENE EXPRESSION

PCA Biplot, normalized gene counts 

Adults in pH 
treatment

Adults 
conditioned

Larvae 
collected 

Adults in 
temperature 

treatment

Parental treatment

6°C+Ambient pH

10°C+Low pH

Tuba3-⍺rpl8

COI

Mt:ND5

USP47

TBC1D
2

Processes:

• Aerobic respiration 
(COI, Mt:ND5)

• Cytoskeleton (Tuba3-⍺)

• DNA repair (USP47)

• Protein transport 
(TBC1D2)

• Cytoplasmic 
translation (rpl8)



NEWLY RELEASED LARVAE
GENE EXPRESSION

PCA Biplot, normalized gene counts 

Adults in pH 
treatment

Adults 
conditioned

Larvae 
collected 

Adults in 
temperature 

treatment

Parental treatment

6°C+Ambient pH

10°C+Low pH

COI

Mt:ND5

Processes:
• Aerobic respiration 

(COI, Mt:ND5)

Mitochondrial 
efficiency?

=  
é energy for growth



WHAT DOES THIS MEAN FOR OLYS?

Parental winter exposures alters larval 
physiology … Future generations more 
capable in new/challenging conditions?

Parental winter environment influences 
larval size … may alter larval recruitment, 
dispersal



More sequencing! 
• Larval samples – all treatments & populations
• Adult gonad & ctenidia tissue – all treatments & 

populations

NEXT STEPS

More results in preprint (in review)

https://doi.org/10.1101/616375

https://doi.org/10.1101/616375
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EXTRA SLIDES



Larval size ~ 
collection date 

color coded by 
parental 

treatment



WHY LARGER LARVAE FROM ADULTS
EXPOSED TO é Temp, ê pH in winter?

• Direct parental influence – brood time & 
lipid resources

• Indirect parental influence – change to 
larval physiology (epigenetic?)



SHIFT IN LARVAL ENERGY BUDGET?

Maintenance

Growth

Reproduction

More efficient 
mitochondria?

stressful 
environment 

= 
é energy for 
maintenance

Not stressful 
environment 

= 
é energy for 

growth

Energy



ADULT GONAD

GENE EXPRESSION
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