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4. Article II - Identification and expression of circadian clock genes 
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5. Article III - Phenology of Ostrea edulis and its environmental drivers  
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Ostrea edulis shell growth  



 

The influence of environmental parameters on Ostrea edulis shell growth 
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Annual rhythms of Ostrea edulis gene expression  
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6. Article IV - Ostrea edulis valve behavior during spawning events 
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7. Discussion and perspectives 

7.1 Advances in the understanding of chronobiology of Ostrea edulis 
7.1.1 Behavioral rhythms and endogenous control 
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7.3 Contribution to the understanding of Ostrea edulis reproduction 



7.4 Integrative perspectives: linking behavior, molecular clocks, and 
reproduction 





7.5 Conclusion and perspectives for restoration and reintroduction projects 

Daily
(∼ 24h)

Tidal
(∼ 12.4h)

Semilunar
(∼ 14.8d)

Lunar
(∼ 29.5d)

Annual
(∼ 365d)

Circadian
molecular clock

Circannual
molecular clock

Tissue-specific rhythmicity

Period, Timeless, Rev-erb, Ror, Doubletime, 
Shaggy, ClockworkOrange, Hiomt

Valve activity Shell growth Reproduction
output

Daily, tidal, 
semilunar, lunar, 
annual rhythms

Seasonal modulation

Diel, lunar, and tidal 
synchornization

of spawning events

Population level implications

• Labile valve behavior in response to environmental variability
• Vulnerability to anthopogenic stressors (ALAN, temperature shifts,

noise pollution etc.)
• Synchronization of reproduction accros individuals

Article IIIArticle I and III Article IV

Article IIIArticle II

Tissue-specific rhythmicity

Cryptochrome2, Ror, ClockworkOrange, 
Shaggy, Hiomt, Cryptochrome1, Opsin4

Anticipation

Synchronization

En
vi

ro
n

m
e

n
ta

l c
yc

le
s

M
o

le
cu

la
r

o
u

tp
u

ts
B

e
h

av
io

ra
l o

u
tp

u
ts



7.5.1 Implications for restoration and reintroduction 



7.5.2 Open questions and future directions 
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9. Appendix 
9.1 Supplementary material for Article I 













    

 
  
  
  
 
 
  
  

 
  
  
  
 
  

 
  
  
  
 
 
  
  

 
  
  
  
 
  

 
  
  
  
 
 
  
  

 
  
  
  
 
  

 
  
  
  
 
 
  
  

 
  
  
  
 
  

  

 

 

 

                   
 

 

 

                   
 

 

 

                   
 

 

 

                   

 

 

 

 

                   
 

 

 

                   
 

 

 

                   
 

 

 

 

                   

 

 

 

 

                   
 

 

 

                   
 

 

 

                   
 

 

 

                   

 

 

 

 

                   
 

 

 

                   
 

 

 

                   
 

 

 

                                                                   

                        

                        

                           

                             

                        

                        

                        

                        

 

  

  

   

   

   

                                       

            

        

 
  
  
  
 
 
  
  
 
 
  
 
  
 
  

 

  

  

  

   

 
  
  
 
 
  

 

         

 

 

   

 

 

 

                   
 

 

 

 

                   
 

 

 

                   

 

 

 

                   
 

 

 

 

                   
 

 

 

 

                   

 

 

 

                   
 

 

 

                   
 

 

 

                   

 

 

 

 

                   
 

 

 

                   

 

 

 

 

                   

 

 

 

                                                                   

                        

    

                        

                       

                        

                        

 
  
  
  
 
 
  
  

 
  
  
  
 
  

 
  
  
  
 
 
  
  

 
  
  
  
 
  

 
  
  
  
 
 
  
  

 
  
  
  
 
  

 
  
  
  
 
 
  
  

 
  
  
  
 
  

 

 

 

 

                   

 

 

 

                   

 

 

 

                                           

                           

                             

  





9.2 Supplementary material for Article II 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure SX. Temporal stability of the geometric mean Ct values from three housekeeping genes (OeEf1, OeGapdh, and Oe28S) 
under light:dark (LD, orange line) and constant darkness (DD, blue line) conditions in (A) gills and (B) labial palps. p-values 

shown on the figures correspond to the results of one-way ANOVA testing for differences between time points, with 
significance considered at p < 0.05.
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9.3 Supplementary material for Article III 









             

 
  
   
  
 

  
   
  
  

  
  
  
  
 

 
  
   
  
 

 
  
  
  
 

  
 
   
  
 

 
 
  
  
  
 

 
  
   
  
 

  
 
   
  
 

 
  
   
  
 

 
  
   
  
 

  
 
   
  
 

  
   
  
  

 
  
   
  
 

  
  
  
  
 

 
  
  
  
 

 
 
  
  
  
 

 
  
   
  
 

 

  

  

  

   

 
 
 
  
 
 

 

  

  

  

   

             

 

  

  

  

  

  

  

   

 
  
   
  
 

  
   
  
  

  
  
  
  
 

 
  
   
  
 

 
  
  
  
 

  
 
   
  
 

 
 
  
  
  
 

 
  
   
  
 

  
 
   
  
 

 
  
   
  
 

 
  
   
  
 

  
 
   
  
 

  
   
  
  

 
  
   
  
 

  
  
  
  
 

 
  
  
  
 

 
 
  
  
  
 

 
  
   
  
  

  

  

  

 
 
 
  
 
 



 



  



9.4 Supplementary material for Article IV 
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