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‘Genetics’ to ‘Genomics’ 

10-100 DNA 
markers 

>>1000 DNA 
markers 
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Application for fisheries management 

•Define management units 

•Quantify the extent of divergence and 

connectivity between stock units 

•Allow mixed-stock analysis with substantially 

increased resolution relative to morphology based 

data 

•Species identification in time and space (including 

prey species) 
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Genomic analysis example: Atlantic salmon 

•Genome: 2.97 billion bases 

–ACTGCTGAAGGT………… 

•46.598 genes (37.206 coding for a specific protein) 

•Links between genes and life histories 

 

Photo Claus Balleby 
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Example from Atlantic salmon 

Size matters - sometimes 
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Genetics and size in Atlantic salmon 

• A single gene (VGLL3) explains 39% of the variation in 
age-at-maturation (= size at river return) 

• Gene is also associated with maturation in humans 

• Gene has two forms (alleles) ‘E’ (early) og ‘L’ (late) 
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Barson et al. 
2015 

Implications for management 
and stocking programmes 
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Types of population/stock structure – a 
theoretical example 

Laikre et al. 2005 

Genetic differences arise due to random and evolutionary processes 
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How are fish stocks managed? 
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Greenland cod fishery 

ICES Advice 2011                                                                     Wieland & Paulsen 2004 

 

? 
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Sara Bonanomi 
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Individual membership probabilities 

DNA from 100 archived otoliths for each year 



06/06/2018 Pelagic AC 13 DTU Aqua, Technical University of Denmark 



06/06/2018 Pelagic AC 14 DTU Aqua, Technical University of Denmark 

Atlantic cod 
in 
Greenland 

Local stocks fished down 

Icelandic cod change distribution 



17/04/2008 Presentation name 15 DTU Aqua, Technical University of Denmark 

•       

•     ”Western” stock 

 

•    ”Eastern” stock 

 

Stock assessment until 2015 

Cod example 2 

Atlantic cod in the Baltic Sea 
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Eero et al. 2014 

Atlantic cod in the Baltic Sea 
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2011-2015 

Atlantic cod in the Baltic Sea 

Scientific cruises sample mixed stocks 

Hemmer-Hansen et al. unpublished 

Genetically 
determined stock 
afiliation as 
either ‘Eastern’ 
(blue) or 
‘Western’ (red) 
Baltic cod 
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Samples of juveniles (<20cm) reveal recruiment dynamics 

Hemmer-Hansen et al. unpublished 

Highly dynamic 
distribution in 
time and space, 
likely also in 
response to 
climatic and 
biological 
drivers 
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Atlantic cod in the W Baltic Sea – genetic 
marker based split stock assessment 
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The next ‘perfect’ example 

Atlantic herring stocks and their mixing is now assessable with genetic markers 
throughout species’ distibution 
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Greenland 
Samples of herring in spawning 
condition, representative of the 
biological units contributing to fisheries 
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State of the art: Taking advantage of 
genomics to do genetics 

ATGCCCTAAAGGGTACTGA
CCCTGCTTTTAGAAATGCTC
TCGATTGCATATGCCCTAAA
GGGTACTGACCCTGCTTGT
AGAAATGCTCTCGATGCATA
TGCCCTAAAGGGTACTGAC
CCTGCTATTAGAAATGCTCT
CGATGCATATGCCCTAAATG
GGTACTGACCCTGCTAGTA
GAAATGCTCTCGATGCATAT
GCCCTAAAGGGTACTGACC
CTGCTCTTAGAAATGCTCTC
GATGCATATC 

Sequencing genomes 
(~800*106 bases) to obtain 
information about stock specific 
differences 

From 9 mio. 
DNA sites to 48 

A 

CT 

G 

C 
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Example of genetic data – one herring SNP marker out of 96 

One fish with 
gene variant 
AA 

gene 
variant 
AC 

gene 
variant 
CC 

BioMark Fluidigm platform 
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Gene frequency differences and how they are used 
to determine the origin of a fish – an example 

Norwegian spring 
spawning herring 

AA = 81% of fish 

AC = 18% 

CC = 1% 

TT = 1% of fish 

TG = 1% 

GG = 98% 

North Sea autumn 
spawning herring 

Gene 1 

AA = 25% of fish 

AC = 22% 

CC = 53% 

Gene 2 

TT = 99% of fish 

TG = 1% 

GG = 0% 

AA-GG 

Probability of genotype 

(Gene 1 & Gene 2) 

in:  

North Sea = 0 

 

Norwegian = 0.8 
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Area ICES management 

area/sub area 

Stocks/populations 

assumed to 

contribute to mixed 

aggregation 

fisheries 

Norwegian Sea Div 2.a ISSH, NSSH, NASH, 

NSAS, and 

potentially WBIH 

North Sea and 

English 

Channel 

Sub Area 4 + Div 

7.d 

WBSS, NSAS, NSSH, 

and potentially ISSH, 

NASH, WBIH, Downs 

Skagerrak Div 3.a Skagerrak WBSS, NSAS, 

Downs, NSSH, CBH 

Western Baltic 

Sea 

Div 3.a Kattegat and 

SD 22, 23, 24 

WBSS, NSAS, NSSH, 

CBH 

Ireland and 

West of the 

British Isles 

Div 6.a, Div 7.b-c WBIH, and 

potentially NSSH 

and NSAS 

Population splits addressable with new markers 

In testing 

In testing 

In testing 

In testing 
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Lesser sandeeel genomic study 

Jimenez-Mena et al. unpublished 
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ATGCCCTAAAGGGTACTGA
CCCTGCTTTTAGAAATGCTC
TCGATTGCATATGCCCTAAA
GGGTACTGACCCTGCTTGT
AGAAATGCTCTCGATGCATA
TGCCCTAAAGGGTACTGAC
CCTGCTATTAGAAATGCTCT
CGATGCATATGCCCTAAATG
GGTACTGACCCTGCTAGTA
GAAATGCTCTCGATGCATAT
GCCCTAAAGGGTACTGACC
CTGCTCTTAGAAATGCTCTC
GATGCATATC 

ATGCCCTAAAGGGTACTGA
CCCTGCTTTTAGAAATGCTC
TCGATTGCATATGCCCTAAA
GGGTACTGACCCTGCTTGT
AGAAATGCTCTCGATGCATA
TGCCCTAAAGGGTACTGAC
CCTGCTATTAGAAATGCTCT
CGATGCATATGCCCTAAATG
GGTACTGACCCTGCTAGTA
GAAATGCTCTCGATGCATAT
GCCCTAAAGGGTACTGACC
CTGCTCTTAGAAATGCTCTC
GATGCATATC 

ATGCCCTAAAGGGTACTGA
CCCTGCTTTTAGAAATGCTC
TCGATTGCATATGCCCTAAA
GGGTACTGACCCTGCTTGT
AGAAATGCTCTCGATGCATA
TGCCCTAAAGGGTACTGAC
CCTGCTATTAGAAATGCTCT
CGATGCATATGCCCTAAATG
GGTACTGACCCTGCTAGTA
GAAATGCTCTCGATGCATAT
GCCCTAAAGGGTACTGACC
CTGCTCTTAGAAATGCTCTC
GATGCATATC 

When can we trust genetic data on stock units? 

Robustness of result depends on the depth of 
the analysis 

And the list of species and stocks with genetic data keeps getting 
longer: Atlantic mackerel, sprat, mesopelagics, ….  
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Novel approaches to the application of 
molecular methods in ecosystem and 
fisheries assessment 
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Environmenta DNA (‘eDNA’) 

•Monitoring species presence/absence from water 
sampling (also in real-time) 

•Developing eDNA application in assessment 
methods for commercial fish stocks and 
ecosystem modelling – likely to be especially 
useful in data-poor species 

•Quantitative estimation is still challenging –
especially in fluvial and marine environments 

 



http://www.avjf.dk/avjf/about-the-foundation


Hansen et al. (unpublished data) 
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Platform Cost per 
individual   
(@ 2000 fish) 

Bench & bio-
informatics time 
2000 fish 

# markers typed 50 
SNP 

100 
SNP 

200 
SNP 

100 SNPs 

SNP array based 
(Fluidigm) 
 

14 € 20 € 

 

34 € 31 days 

GT sequencing based* 
 

4 € 5 € 6 € ~17 days 

(* Estimate from Aykanat et al., J Fish Biol., 2016) 

Costings of SNP analyses for input to assessment 
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• Genetic studies are expensive – Not really and prices are 
constantly decreasing 

• Genetic results are often ‘oversold’ – We have several 
cases proving the opposite. Genetic analyses cannot 
answer all management relevant questions, but lack of 
basic biological information leads to risk of less efficient 
management strategies 

• Inconsistent interpretation of genetic results - Structural, 
historical sampling issues   

• Importance of genetic information is far outweighed by 
other inputs to management decisions – Substantially 
better resolution with genetic markers. Time series are 
emerging. Potential for front user-based analyses on-
site. 

• Obstacle is implementation into assessment 
 and management 


