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Congratulations & Thank you Paul !

Named Officer of the Order of Canada for his 

achievements as an evolutionary biologist, 

notably as a pioneer of DNA barcoding.
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Two fundamental roles of molecular

data in conservation genetics

Inventorial : Documenting patterns

Frankham, Ballou & Briscoe 2010



Mechanistic : Deciphering processes

Frankham, Ballou & Briscoe 2010

Two fundamental roles of molecular

data in conservation genetics



The promises of Genomics

for Conservation

I. Scaling up genome coverage for any non-model species: 

Improve estimates of population genetic and 

evolutionary parameters.

II. Markers « that counts » (SNP) and integrative

approach (all the « …omics »):

Elucidate the functional and adaptive significance

of molecular variation.

Allendorf et al. Nat.Rev.Gen. 2010

The Promises of Genomics

for Conservation Biology



The promises of GENOMICS

for Conservation

III. Get to the « real stuff » for conservation genetics :

Finding causal relationships between genetic variation, phenotypes 

and the environment to predict future dynamics of selectively 

important variation and potential for adaptation 

to new conditions.

The Promises of Genomics

for Conservation Biology



Questioning the role & applications

of Genomics in Conservation

Questioning the role and use of

genomics in conservation genetics



Discrete and evolutionarily significant populations:

Discreteness

A population may be considered discrete based on : 

… and/or neutral genetic markers (e.g. allozymes, 

DNA microsatellites, DNA restriction fragment length    

polymorphisms (RFLPs), DNA sequences).

http://www.cosewic.gc.ca/eng/sct2/sct2_5_e.cfm

Significance

Evidence that populations differs in genetic 

characteristics thought to reflect relatively deep 

intraspecific phylogenetic divergence. 

Such differences would typically be manifested as qualitative genetic 

differences at relatively slow-evolving markers (fixed differences in 

mtDNA or in alleles at multiple nuclear loci). 

http://www.cosewic.gc.ca/eng/sct6/index_e.cfm
http://www.cosewic.gc.ca/eng/sct6/index_e.cfm
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Genomics applied to conservation and 

management of aquatic resources: 

are the promises being filled? 

Outline:

Illustrate from a recent case study how genomics can 

successfully be used to address questions of 

applied relevance for management 

and conservation .
(and as such, bridging the gap between basic research

and applicable solutions for conservation managers).



Conceptual framework: 
How do species cope with occupying

heterogeneous environments ?

Local adaptation : 
Adaptive genetic structure matching the environment.

Phenotypic plasticity :   
Different phenotypes expressed by a same genotype in different  

environmental conditions.

Spatially varying selection : 

Local selection acting on polymorphism maintained by 

balancing selection (reshuffled every generation)

Alternative solutions to local adaptations : 



Understanding how species cope with 
occupying heterogeneous environments 
is key for management and conservation

. For properly defining the number and geographic

scales of management and-or evolutionary 

significant units.

. For predicting how species can respond to

either natural or anthropogenic changes.

. For a better understanding of how to manage 

genetic diversity in conservation strategies

(including translocation practices).



American eel distribution

Population genomics and

Conservation of the American Eel
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St. Lawrence R.

. Pronounced regional differences in phenotypes:

Growth rate, mean adult size, sex-ratio

Population genomics and

Conservation of the American Eel



Phenotypic & ecological
variation in American eel:

. “Adaptive” population structure ? 

. “Pure” phenotypic plasticity ?

.  Genetic differences caused by
spatially varying selection?

. …or ? … 

Population genomics and

Conservation of the American Eel



Great Lakes – St. Lawrence R.

Population genomics and

Conservation of the American

“Freshwater eels” (Anguilla sp.) in decline

worldwide. 

Dramatic decline of American eel

over the past 35 years. 

Local recruitment 

highly variable 

Decline most 

pronounced in upper

St. Lawrence River
& Lake Ontario 

(99% since 1980).
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16
16

 More than 1500 tons / year (Canada)

Increasing demand in the face of

European & Japanese eel fishery collapse

 Glass eel : The most pricy fish in the world: up to 3 000$ / kg

Population genomics and

Conservation of the American Eel
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Population genomics and

Conservation of the American Eel

Need to better understand the causes of 

variable recruitment for improved management.

Need to elucidate the causes and consequences

of phenotypic and genetic variation 

throughout the species range.
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No genetic structure at the scale of the whole 

species : No local adaptation possible. 

Factor F-Statistics P-value

Life stages Fct = 0.000 p = 0.97

Sampling sites Fsc = 0.000 p = 0.83

Cohorts Fct = 0.000 p = 0.06

Sampling sites Fsc = 0.000 p = 0.20

Population genomics and

Conservation of the American Eel



22076 cDNA contigs 

Genotyping of 75 “outlier” 

coding SNP on 1000 glass eels 

from 16 sites

13293 SNPs

Florida vs.       QuébecRNAseq: Sequencing the 

products of  gene expression 

Population genomics and

Conservation of the American Eel



Surface temperature

Spatial Principal Component Analysis

reveals a multi-locus cline (12 genes)

Allele frequency of 12 genes varies 

with sea surface temperature

Population genomics and

Conservation of the American Eel
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Does spatially varying selection also cause genomic 
differentiation between freshwater vs. saltwater “ecotypes” ? 

384 eels from 16 sampling sites (8 fresh and 8 salt/brackish)

Population genomics and

Conservation of the American Eel



RAD RAD sequencing

(Restriction site associated DNA markers)

- 42,424 SNP (FST = 0).

- “Random Forests” statistical approach to

search for markers that co-varied 

between ecotypes.

Population genomics and

Conservation of the American Eel
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- 137 fixed or nearly fixed in FW

- 45 fixed or nearly fixed in SW

331 SNP were most important to 

discriminate ecotypes at a 90% 

success rate (random datasets = 50%)

Population genomics and

Conservation of the American Eel



Over-representation of functions 

associated with early development:  

. Respiratory system   

. Cardiac muscle tissue 

. Limb bud formation

. Patterning of blood vessels 

Population genomics and

Conservation of the American Eel
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Spatially varying selection imposed by temperature and salnity gradients 

produces local functional  genetic differences despite panmixia. 

Random 
mating

(panmixia)

Levene’s model, 1953:

Random 
dispersal

Niche 1

Niche 2

Niche 3

Niche i

Niche n

Selection for 
different 

genotypes

Random 
mating

(panmixia)
Random 
dispersal

Niche 1

Niche 2

Niche 3

Niche i

Niche n

Selection for 
different 

genotypes

Levene’s model, 1953:

Population genomics and

Conservation of the American Eel



Manage globally... 
. The persistence of the whole species depends 

on the demography and genetic diversity a single gene pool.

Eel restoration in a given location could  benefit  from improved 

conservation measures applied elsewhere. 

Think locally also... 
. Sound local management practice must take the existence

of local genetic differences into account.

If eels colonising different waters are not genetically homogeneous, stocking 

eels from different origins could have negative impacts, or failed to 

reach desired objectives for instance by impairing the association 

between life history characteristics and habitat preference. 

Population genomics and

Conservation of the American Eel



Some concerns about today’s place 

of (basic) science in Canada 

Stand Up for Science rallies target 

federal government



Some concerns about today’s place 

of (basic) science in Canada 

Jeff Hutchings (former President, CSEE): 

« Freedom of expression is no longer a right enjoyed by 

Canadian government scientists. When you inhibit the 

communication of science, you inhibit science. 

When you inhibit science, you inhibit the 

acquisition of knowledge. »

David Schindler : “It’s like they don’t want to 

hear about science anymore. They want politics to 

reflect economics 100 per cent - economics being 

only what you can sell, not what you can save.”



Drastic changes to science in Canada in 

recent years, which have happened 

in 3 distinct ways:

1) Reducing the ability of government scientists  

to communicate their research to the public. 

“It’s pretty clear that for federal scientists, Ottawa decides now if the  

researchers can talk, what they can talk about and when they can say it.”



Some concerns about today’s place 

of (basic) science in Canada 
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Drastic changes to science in Canada in 

recent years, which have happened 

in 3 distinct ways:

2) Eroding of Canada's (basic) science capacity.

Dismantling of the world-famous 

Experimental Lakes Area (ELA).

- Crucial evidence on the effects of acid rain.

- Phosphates from detergents cause algal blooms. 

- Elucidated the impacts on fish of mercury. 

- Some of the longest running data 

on climate change's impact.

The ELA cost $2 million a year to maintain, but its 

research saved governments around the world billions of 

$$$ by preventing water contamination. 



Some concerns about today’s place 

of (basic) science in Canada 

. Disapearance of 7 out of 11 

DFO libraries 

. Shutting down PEARL:

Polar Environment Atmospheric 

Research Lab (PEARL).

. Closing DFO ecotoxicology labs

and contaminants monitoring capacity.

2) Eroding of Canada's (basic) science capacity.



Some concerns about today’s place 

of (basic) science in Canada 

More than 2,000 scientists lost their jobs, 

100s of research programs & facilities lost their funding. 

From the 

Enlightment years…

…to the 

Great Darkness

2) Eroding of Canada's (basic) science capacity.



Drastic changes to science in Canada in 

recent years, which have happened 

in 3 distinct ways:

3) Reducing the role of evidence in policy decisions. 

. Habitat protected only for fish that are considered 

part of a fishery or that support a fishery.

. 80% or species at risk of extinction lose

protection. 

. Fish inhabiting waters not regularly visited by 

humans no longer warrant protection.

. Prioritizes habitat protection for some nonnative  

species & even hatchery-produced hybrids.



Drastic changes to science in Canada in 

recent years, which have happened 

in 3 distinct ways:

- Canadian Environmental Assessment repealed.

- Species at Risk Act amended.

- Navigable Waters Protection amended from oversight

for 3,000,000 bodies of water down to 162 !!

- National Energy Board now the lead agency in determining 

issues that relate to the Species at Risk Act or the Fisheries Act.

3) Reducing the role of evidence in policy decisions. 

Changes not supported by scientific advice. 

Inconsistent with an ecosystem-based approach to management.

(Who gets benefits out of this?)





“Politics that disregard scientific knowledge 

will not stand the test of time…

If we compromise on scientific facts and 

evidence, repairing nature will be enormously 

costly – if possible at all.”

Gro Harlem Brundtland


