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• Need to limit genetic differentiation 
between wild & hatchery individuals

• Study natural genetic structure

Genetics

• Identify genetic structuring along French coast
• Assess genetic diversity of hatchery-reared individuals and compare with natural

populations

Aims:

Genetic drift in hatchery

Genetic differentiation between wild & hatchery

Release: Potential Impact on wild population

Reduce local adaptation to local environmental pressures
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• 467 Individuals
• France Haliotis
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• 3rd to 5th generation in 
hatchery (selection program)

Hatchery Samples

France Haliotis

Sampling

• 429 Individuals
• 10 sites

• Covers natural range of the 
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• Several cohorts sampled
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• Single-nucleotide polymorphism (SNP)
• Variations of one single base pair 

throughout the genome

• Genotyping using Kompetitive Allele Specific PCR assays (KASP) by LGC Genomics

• 158 bi-alleic nuclear SNPs
• Filtered to keep only neutral markers for connectivity analysis
• Using Hardy-Weinberg Equilibrium, Linkage Disequilibrium, Outliers 

=> 147 SNPS
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• Similar pattern found in many invertebrate species:

Edible Cockle
(Cerastoderma edule) 

(Vera et al., 2021)

Polychaetes
(Pectinaria koreni, Owenia fusiformis)

(Jolly et al., 2005; Jolly et al., 2006)

Great Scallop
(Pecten maximus)

(Handal, 2019) 
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Hatchery genetic diversity

• Breeding protocol avoided any noticeable erosion
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• Retention of the genetic diversity in hatchery-raised
stock
• Similar between wild & hatchery samples
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• Retention of the genetic diversity in hatchery-raised
stock
• Similar between wild & hatchery samples

Hatchery genetic diversity

• Breeding protocol avoided any noticeable erosion

Limits
• Ascertainment bias

• Markers developped for parentage assignment
(Harney et al., 2018)
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• Index of genetic differentiation
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Differentiation Wild & Hatchery
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• Highly differentiated wild and hatchery samples
• Similar pattern found in H. midae in South Africa 

and H. rubra in Australia (Evans et al., 2004; Rhode 
et al., 2012)

• The use of wild broodstock and the use of different
cohorts from different parents ensures to minimize the 
loss of genetic diversity and adaptive potential
(Hornick & Plough, 2019)
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• Similar pattern found in H. midae in South Africa 

and H. rubra in Australia (Evans et al., 2004; Rhode 
et al., 2012)

• The use of wild broodstock and the use of different
cohorts from different parents ensures to minimize the 
loss of genetic diversity and adaptive potential
(Hornick & Plough, 2019)

Differentiation Wild & Hatchery

Breeding practices appropriate in France Haliotis

But strong differentiation suggests seeds released should 
be composed of several cohorts/generation

Introduction Material & Methods Local Structure Hatchery genetic diversity Differentiation Wild/Hatchery Conclusion

11Evans et al., 2004; Rhode et al., 2012; Hornick & Plough, 2019

© Erwan Amice



1. Introduction 2. Material & Methods 3. Results 4. Discussion 5. Conclusion

Now?

Introduction Material & Methods Local Structure Hatchery genetic diversity Differentiation Wild/Hatchery Conclusion

• Local Structure between North and South
• Spatial autocorrelation analysis to study recruitment patterns and gain a better understanding of 

connectivity (Miller et al., 2016)

12Araki et al., 2007; Christie et al., 2014; Miller et al., 2016



1. Introduction 2. Material & Methods 3. Results 4. Discussion 5. Conclusion

Now?

Introduction Material & Methods Local Structure Hatchery genetic diversity Differentiation Wild/Hatchery Conclusion

• Local Structure between North and South
• Spatial autocorrelation analysis to study recruitment patterns and gain a better understanding of 

connectivity (Miller et al., 2016)

• High genetic diversity in the hatchery
• Confirm it with the use of genomics tools for a more complete analysis

12Araki et al., 2007; Christie et al., 2014; Miller et al., 2016



1. Introduction 2. Material & Methods 3. Results 4. Discussion 5. Conclusion

Now?
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• Local Structure between North and South
• Spatial autocorrelation analysis to study recruitment patterns and gain a better understanding of 

connectivity (Miller et al., 2016)

• High genetic diversity in the hatchery
• Confirm it with the use of genomics tools for a more complete analysis

• High differentiation between hatchery & wild
• Can it affect fitness? (Araki et al., 2007; Christie et al., 2014)
• Compare responses of natural and hatchery population to environmental variability

• Common garden experiment
• Poster

• ”Effect of domestication on the response of European Abalone to natural environmental 
variations and global change: a common garden experiment”

12Araki et al., 2007; Christie et al., 2014; Miller et al., 2016



Acknowledgement

Thank You!

Pierre Chauvaud
Sabine Roussel

Eric Pante
Amélia Viricel

Grégory Charrier
Erwan Amice

Isabelle Bihannic

Thierry Le Bec
Emilie Grossteffan
Olivier Basuyaux
Françoise Calvez
Christian Aillet

Philippe Orveillon



Thank you for your attention

© Will Boucher, California Sea Grant 



Bibliography

➢ Araki, H., Berejikian, B. A., Ford, M. J., & Blouin, M. S. (2008). Fitness of hatchery‐reared salmonids in the wild. Evolutionary applications, 1(2), 342-355.

➢ Ayata, S.D., Lazure, P., Thiébaut, É., 2010. How does the connectivity between populations mediate range limits of marine invertebrates? A case study of larval dispersal between the Bay of Biscay and the English Channel (North-

East Atlantic). Progress in Oceanography. 87 (1-4), 18-36. Christie, M. R., Marine, M. L., French, R. A., Waples, R. S., & Blouin, M. (2012). Effective size of a wild salmonid population is greatly reduced by hatchery

supplementation. Heredity, 109(4), 254-260.

➢ Evans, B., Bartlett, J., Sweijd, N., Cook, P., Elliott, N.G., 2004. Loss of genetic variation at microsatellite loci in hatchery produced abalone in Australia (Haliotis rubra) and South Africa (Haliotis midae). Aquaculture. 233 (1-4), 109-

127.

➢ Grant, W.S., Jasper, J., Bekkevold, D., Adkison, M., 2017. Responsible genetic approach to stock restoration, sea ranching and stock enhancement of marine fishes and invertebrates. Reviews in Fish Biology and Fisheries, 27 (3), 

615-649.

➢ Handal, W., 2019. Rôle de la connectivité et de l'adaptation locale dans la structure et le fonctionnement des populations de coquilles Saint-Jacques (Pecten maximus) en Manche, Mer d'Iroise et Rade de Brest (Doctoral

dissertation, Brest).

➢ Harney, E., Lachambre, S., Roussel, S., Huchette, S., Enez, F., Morvezen, R., Haffray, P., Boudry, P., 2018. Transcriptome based SNP discovery and validation for parentage assignment in hatchery progeny of the European abalone

Haliotis tuberculata. Aquaculture. 491, 105-113.

➢ Hornick, K.M., Plough, L.V., 2019. Tracking genetic diversity in a large-scale oyster restoration program: effects of hatchery propagation and initial characterization of diversity on restored vs. wild reefs. Heredity. 123 (2), 92-105.

➢ Huchette, S.M., Day, R.W., Shepherd, S.A., 2005. A review of abalone stock enhancement. Stock enhancement of marine and freshwater fisheries. Canberra: Australian Society for Fish Biology. 58-69.

➢ Jolly, M. T., Jollivet, D., Gentil, F., Thiébaut, É., & Viard, F. (2005). Sharp genetic break between Atlantic and English Channel populations of the polychaete Pectinaria koreni, along the North coast of France. Heredity, 94(1), 23-32.

➢ Jolly, M. T., Viard, F., Gentil, F., Thiébaut, É., & Jollivet, D. (2006). Comparative phylogeography of two coastal polychaete tubeworms in the Northeast Atlantic supports shared history and vicariant events. Molecular Ecology, 15(7),

1841-1855.

➢ Lachambre, S., Day, R., Boudry, P., Huchette, S., Rio-Cabello, A., Fustec, T., & Roussel, S., 2017. Stress response of farmed European abalone reveals rapid domestication process in absence of intentional selection. Applied Animal

Behaviour Science, 196, 13-21.

➢ Laikre, L., Schwartz, M.K., Waples, R.S., Ryman, N., GeM Working Group., 2010. Compromising genetic diversity in the wild: unmonitored large-scale release of plants and animals. Trends in ecology & evolution. 25 (9), 520-529.

➢ Lessard, J., Campbell, A., 2007. Describing northern abalone, Haliotis kamtschatkana, habitat: focusing rebuilding efforts in British Columbia, Canada. Journal of Shellfish Research. 26 (3), 677-686.

➢ Lorenzen, K., Beveridge, M.C., Mangel, M., 2012. Cultured fish: integrative biology and management of domestication and interactions with wild fish. Biological Reviews. 87 (3), 639-660.

➢ Miller, A.D., Van Rooyen, A., Rašić, G., Ierodiaconou, D.A., Gorfine, H.K., Day, R., Wong, C., Hoffmann, A.A., Weeks, A.R., 2016. Contrasting patterns of population connectivity between regions in a commercially important mollusc

Haliotis rubra: integrating population genetics, genomics and marine LiDAR data. Molecular ecology. 25 (16), 3845-3864.

➢ Morvezen, R., Boudry, P., Laroche, J., Charrier, G., 2016. Stock enhancement or sea ranching? Insights from monitoring the genetic diversity, relatedness and effective population size in a seeded great scallop population (Pecten

maximus). Heredity. 117 (3), 142-148.

➢ Nicolas, J.L., Basuyaux, O., Mazurie, J., Thebault, A., 2002. Vibrio carchariae, a pathogen of the abalone Haliotis tuberculata. Diseases of aquatic organisms. 50 (1), 35-43.

➢ Price, E.O., 1984. Behavioral aspects of animal domestication. The quarterly review of biology, 59 (1), 1-32.

➢ Rhode, C., Hepple, J.A., Jansen, S., Davis, T., Vervalle, J., Bester-van der Merwe, A.E., Roodt-Wilding, R., 2012. A population genetic analysis of abalone domestication events in South Africa: Implications for the management of the 

abalone resource. Aquaculture. 356, 235-242.

➢ Roussel, S., Bisch, T., Lachambre, S., Boudry, P., Gervois, J.L., Lambert, C., Huchette, S., Day, R., 2019. Anti-predator response of Haliotis tuberculata is modified after only one generation of domestication. Aquaculture Environment

Interactions, 11, 129-142.

➢ Travers, M.A., Basuyaux, O., Le Goïc, N., Huchette, S., Nicolas, J. L., Koken, M., Paillard, C., 2009. Influence of temperature and spawning effort on Haliotis tuberculata mortalities caused by Vibrio harveyi: an example of emerging

vibriosis linked to global warming. Global Change Biology. 15 (6), 1365-1376.

➢ Vera, M., Maroso, F., Wilmes, S. B., Hermida, M., Blanco, A., Fernández, C., ... & Martínez, P. (2022). Genomic survey of edible cockle (Cerastoderma edule) in the Northeast Atlantic: A baseline for sustainable management of its

wild resources. Evolutionary Applications, 15(2), 262-285.



B

• Basic population genetic statistics (Ho, He)
L
O

C

B
O

B
-1

B
O

B
-2

B
O

B
-3

M
O

L
-1

M
O

L
-2

M
O

L
-3

M
O

L
-4

A
B

W
-1

A
B

W
-2

A
B

W
-3

G
U

I

S
Q

P

S
M

A

C
H

A

B
L
A

C
H

E

G
5
-1

7
-1

G
5
-1

7
-2

G
5
-1

8
-1

G
3
-1

8
-1

G
4
-1

8
-1

G
5
-1

8
-2

G
3
-1

8
-2

G
4
-1

8
-2

G
5
-1

8
-3

G
3
-1

8
-3

G
4
-1

8
-3

G
4
-1

9
-1

G
4
-1

9
-2

G
4
-1

9
-2

0,25

0,27

0,29

0,31

0,33

0,35

0,37

0,39

Observed 
heterozygosity 
(Ho)

Expected 
heterozygosity 
(He)

Supplementary material


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

