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Amaral et al. 2018. Mitochondrial DNA Part A.
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Amaral et al. 2018. Mitochondrial DNA Part A.
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Longnose velvet dogfish shark, Centroscymnus crepidater
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Longnose	velvet	dogfish	shark,	Centroscymnus	crepidater



Deep-sea sharks

maximum length: 130 cm

maximum reported age: 54 years

sexual maturity: ~ 20 years

Longnose velvet dogfish shark, Centroscymnus crepidater
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K selected species
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R selected species



Sharks are in crisis





livers are rich in squalene (oil) 
used in food supplements

Sharks’ anthropogenic threats



Deep-Sea Fisheries



Bottom-Trawling
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After trawlingBefore trawling
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C. crepidater



Paleogeography
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By Lennart Kudling - SVG version of Image:Laurasia-Gondwana.png created by me, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=4560703



Tethys seaway

[18-6 Myr]
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Expected phylogeographic pattern 
due to the Tethys closure

IWP EA



Centroscymnus crepidater geographic distribution



Evaluate the genetic structure of C. crepidater

Analyse connectivity within Atlantic populations and between the Atlantic 
and Southern Pacific

Test if Tethys closure triggered lineage splitting events within C. crepidater



868 bp-fragment of the control region (CR)

Phylogeographic patterns of Centroscymnus crepidater

mitochondrial DNA
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Genetic diversity and connectivity within  
the Atlantic populations and  

between the Atlantic and southern Pacific

7 microsatellite loci to analyse 160 individuals 



Sampling locations and Haplotype frequencies

Anton Dohrn Seamount, ANT

Rockall Trough, ROC

Mid-Atlantic Ridge, MAR

Azores, AZO

Madeira, MAD

Great Meteor Bank, GMB

Tasman Sea
Chatham Rise

Rosemary Bank, ROS

Sampling locations:
southern Pacific

Atlantic



0.001 substitution/site

ROC496 

TAS7
TAS17
TAS15
TAS21
CHA4

TAS4
TAS10

AZON23
TAS6

ROC508

Centroscymnus  
 owstonii

Centroscymnus coelolepis

MAR025
ROC490

MAD030
AZOC52
AZOO55
AZOM64
AZOA39

AZO858
AZO854
CHA5
MAR009

AZOA38

AZO852
TAS8
AZON21

MAR026
ROC495

AZOC48
MAD037
ROC494
MAR007
MAR002
AZOO80
AZO849
AZO847

ROC503
TAS20

AZO857
MAR024

ROC509
ROC504

ROC507
MAR021

Clade II

ROC492
ROC493
MAR033

MAR003
AZON83

MAR035
MAR034
MAR032
AZON94

AZO859
ROC501

TAS13
ROC498

AZO860

AZOM67

ROC499
MAR029
MAR001
TAS5

MAR028
TAS14
TAS9
AZO1159
AZOC50
AZO855

TAS3

CHA6
TAS18
MAR023

MAR027
AZOC45
ROC505
ROC497
ROC489

TAS1
CHA22
CHA38
TAS2
TAS11
TAS16
TAS12
TAS22
MAD036
MAD039

MAR022
MAD040
MAD041
MAR006

Clade I

C
en

tr
os

el
ac

hu
s 

cr
ep

id
at

er

TAS - Tasman Sea

AZO- Azores 
MAR - Mid Atlantic Ridge

ROC - Rockall Trough

CHA - Chatham Rise
MAD - Madeira

95

100

99
95

100

100

S1_Suplementary material

Pacific	Ocean

Atlan7c	Ocean

Atlan7c	Ocean

Pacific	Ocean

ML - 868bp of mtDNA CR



Clade I
Indo-Pacific+Atlantic Ocean

Clade II
Atlantic Ocean

Martinez et al. 2006

Bigeye Tuna
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Pleistocene glaciation 
>> recent population

Star-like 
network

Tethis closure >> 
older and stable population

Median-joining networks based on mtDNA



Median-Joining Network
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The ancestral lineage of C. crepidater was most likely distributed throughout the 
Atlantic and Pacific oceans
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The Tethys closure caused a decrease in the ocean’s temperature
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~17 Myr

Ocean cooling 
promoted 
divergence 
between the 
Atlantic and the 
Pacific lineages. 
Each population 
from each basin 
retracted for more 
northward 
locations where 
there were more 
food resources

Some IWP lineages 
might have migrated 
into the North 
Atlantic, which 
explains the shared 
haplotypes



Discriminant Analysis of Principle Components (DAPC)
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Present-day results
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Historical results



Present-Day Oceanographic conditions

South 
Africa
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~17 Myr

Ocean cooling caused by the closure of the Tethys and the opening 

of the Drake’s passage promoted divergence between the Atlantic 

and the Pacific lineages. Each population from each basin retracted 

for more northward locations where there were more food resources

Summary
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~17 Myr

Some IWP lineages might have migrated into the 

North Atlantic, which explains the shared 

haplotypes

Summary
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Summary

~5 Myr

-The formation of Agulhas Current creates a filter to the displacement of small fish 

between ocean basins which are an important component of Centroscymnus diet, which 

seems to restrict migrations. 
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