\;gf‘ |
The taxonomy and biogeography of macrofaunal amphipod
crustaceans, with a focus on the abyssal Pacific fauna relevant

to the CCFZ:

Part Ill: What can DNA tell us?
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Introduction: Why and how
Deep-sea macrofaunal taxonomy: challenges

An introduction to DNA barcoding

Molecular deep-sea studies
Molecular work on deep-sea amphipods (own results & literature)

Integrative approach (genes & morphology; reverse taxonomy)

Case study 1: DNA barcoding Orchomene sensu lato

Case study 2: Phylogeography Eurythenes gryllus

« Blind » taxonomic approach (MOTUs)

DNA barcodlng for amphipod diversity studies
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Deep-sea macrofaunal taxonomy

v Incomplete species descriptions

v/ Many species (genera, families) new to science
v’ Cryptic species?

v How to evaluate intraspecific variability, sexual dimorphism?

Hirondellea antarctica - (Schellenberg, 1926)
ANT XVIlI3
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Deep-sea macrofaunal taxonomy

v Incomplete species descriptions

v/ Many species (genera, families) new to science
v’ Cryptic species?

v How to evaluate intraspecific variability, sexual dimorphism?

Hirondellea antarctica - (Schellenberg, 1926)
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v’ past studies using allozymes: amphipods (Bucklin et al. 1987, France et al. 1992, France
1994), polychaetes (Jollivet et al. 1995), vent shrimps (Creasey et al. 1996), brachiopods
(Valentine & Ayala 1975), spider crabs (Creasey et al. 1997)

v mt DNA sequence analysis:
« 16SrDNA ( : France & Kocher 1996, Escobar-Briones et al. 2010; mollusks:
Etter et al. 1999, 2005, Chase et al. 1998, Quattro et al. 2001, Zardus et al. 2006)
* D-loop, cyt b regions (fish: Aboim et al 2005)
 COIl & 16S rDNA (corals: smith et al. 2004)
v’ combined (e.g. nuclear & mtDNA):
* COIl + 28S rDNA + calmodulin intron (bivalves: Glazier & Etter 2014)
 (COIl), 16S & 18S rDNA (isopods: Raupach et al. 2007, Brix et al. 2014)
 (COlI, 16S, 18S & 28S rDNA, Histone 3 ( Corrigan et al. 2014)
* COIl and allozyme data (vent mussels: Won et al. 2003, Miyazaki et al. 2004)
* COIl and ribosomal ITS-1 (vent clams: Goffredi et al. 2003)
e |TS, COIl, mitochondrial control region MtC (corals: Mmiller et al. 2011)
v fast-evolving markers:
* microsatellites + ITS (corals: Le Goff-Vitry et al. 2004)
 Amplified fragment length polymorphisms (AFLPs) (vent tubeworms: shank
& Halanych 2007)

A variety of deep-sea molecular studies
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< “»DNA barcoding

v’ Recent initiative (2003): the use of a standardized short DNA sequence for species
identification

- part of the genome evolving quickly enough for
assessing recent speciation events :

cytochrome c oxidase | gene (COI)

Waugh 2007
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»DNA barcoding “““““H“l

specimen = barcode = match in barcode library = species

barcode

specimen
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: intraspecific/ interspecific/ J_ .
4) =% 0 coalescent [ speciation species 1
=
== .
barcoding
[ "gap” —
{—7 genefic distance Meyer & Paulay 2005
| E intraspecific variation < interspecific divergences [ —

-> differentiating species

v’ Some examples of deep-sea studies using COI:

: e Octocorals: divergences too low (France & Hoover 2002)

= * Vent-endemic gastropods (Kojima et al. 2000), annelids (Black et al.
= 1997, Hurtado et al. 2004), clams (Peck et al. 1997), mussels (Maas et al.

Neighbour-gigigh 1999), shrimps (Shanket al. 1999) :

tree based on
J(Knoxetal. 2012) ’. -
L} ’ .

genetic distances
between specimens
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‘_, “Mintegrative taxonomic studies on lysianassoids

v thrive in cold waters: shallow waters of high latitudes & deep sea
v abundant & diverse

v mostly scavengers; benthic, bentho-pelagic, pelagic species

Case study 1: Orchomene sensu lato

DNA barcoding
COl, (28S rDNA) e
Reverse taxonomy (sensu Kanzaki et al. 2012) R NIt 4
descriptions ‘

qiorid’s Deep Seq

Case study 2: Eufythenes gryllus

= ’Phﬂ’geograph;l -

COl, 168,
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( " ™General methodology

v sampling of lysianassoids
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iu " ™General methodology

v sampling of lysianassoids Baited trap samples:

° High number of specimens/species

- Phylogeographic & population genetic studies
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~ "™General methodology

v’ preservation of samples for genetics: 96% ethanol or absolute, pre-cooled

v’ storage at -20°C

v DNA extractions using standard kits (Qiagen, Macherey-Nagel)

v PCR:
e COl using universal primers (Folmer et al. 1994)
e 16S rDNA using universal primers (Palumbi et al. 1991)
« 28S rDNA using amphipod specific primers 28F, 28R (Hou et al. 2007)

v’ Sanger sequencing: AB%E»OXI capillary DNA sequencer

-
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DNA barcoding Orchomene sen

v’ +/- 250 specimens
v’ 25 different species

number of distances

T ﬂn’[n nﬂj]”llln

0,00 0,02 0,04 0,06 008 010

genetic distance
v’ 8 new species, 2 described

v’ topologies confi 28S rDNA

> B
- '

- Havermans et al. 2010 MPE, Havermans et al. 2011 DSRII
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avermans 2014 Biogeogr Atlas of the SO
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Abyssorchomene chevreuxi (stebbing, 1906)

ACP3076

ACWS4700
AchC147
AchC155
AchC145
AC0810074
AC26090710

- AC1102109

genetic divergence:

bathymetric range:
3144 -4970 m

widespread

I, Havermans 2014 Biogeogr Atlas of the SO
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Abyssorchomene sp. n. 1 (17)

98 Orchomenella (O.) gerulicorbis (8)
100

Abyssorchomene chevreuxi (6)
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Orchomene sensu lato

= 100 ; } Ambasiopsis sp.
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Neighbour-Joining Tree of COI sequences of lysianassoid species (K2P model,

bootstrap nreps 2000). Coloured rectangles indicate species complexes.
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Extending the DNA barcoding
approach to other lysianassoids

Presence of barcoding gap:
Bimodal distribution of &
interspecific (15.2 — 35.7 %) divergences

!

species complexes:

Uristes murrayi
Waldeckia obesa

COl also efficient in delimiting species in
other amphipod genera:

- Antarctic Epimeria (Lérz et al. 2009)
- Deep-sea Rachothropis (Lorz et al. 2012)
- Deep-sea Phoxocephalidae (Knox et al. 2012)
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Phylogeography of Eurythenes gryllus

v’ giant, benthopelagic scavenger

v most widespread amphipod species:
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o s T Bayesian tree (16S rDNA)

Brazil abyssal clades (4480 m) Eg4+5

A Pacific abyssal specimen (3193 m) Eg7
fKtlantic abyssal clade (3732 - 4480 m) Eg6

8

Antarctic abyssal clade (3076 - 4700 m)

T ohees | oo it 2buccal clade (3192 m) Havermans et al. 2013 PLoS ONE



AN\ Ytéodiiékion &/ Réasiults L \Ouitldok /\\\
GCTAGGA GCTAGGA GCTAGGA GCTAGG G GG G GG G GG G GGA GCTAGGA GCTAGGA GCTAGGA

16S rRNA gene haplotype

@ Iberia Abyssal Plain (ATL-NE1)
@ Madeira Abyssal Plain (ATL-NE3)
@ West European Basin (ATL-NE4)
O Nares Abyssal Plain (ATL-NW1)
. Sohm Abyssal Plain (ATL-NW2)
O Iceland Basin (ATL-NE2)

@] Bahamas (ATL-NW3a)

Egl

O King George Island (KGl-a/b/c)
O Antarctic Peninsula (Ant-a/b)
< 3000 m @ South Sandwich Islands (SS)
@ Weddell Sea (WDL-a)

> 3000 m © Weddell Sea (WDL-b)

. Weddell Sea (WDL-¢)

© Central North Pacific (PAC-1)
. Horizon Guyot base (PAC-2a)
@ Horizon Guyot base (PAC-2b)
@ Horizon Guyot slope (PAC-2¢)
O Horizon Guyot slope (PAC-2d)

QO Eastern Fram Strait (Arctic-a/b)
O Svalbard (Arctic-c)
O Canada Basin (Arctic-d)

. Argentine Basin (ArgB)
. Brazil Basin (BraB)

6 a bysal . Gulf of Mexico (GMex-4)

avermans et al. 2013 PLoS ONE
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* Species richness compared: <> depth differentiation hypothesis (Etter et al.

2005)
Bathyal Abyssal

2 species-level clades, <:> 6 species-level clades,

one bipolar and one several widespread
widespread some restricted to a

single ocean basin

* 3 species-level clades in Pacific: found on 1 seamount at # depths

* Genetic break at 3000 m: ubiquitous barrier? Also for bivalve species.
(Zardus et al. 2006, Glazier & Etter 2014)

-> Bathymetry plays an obvious role in speciation

ws.n(al’idﬁiios ONE
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Table 2. Range and mean of pairwise K2P intracdade and interdade distances for COIl, 285 rDNA and 165 rDNA for each dade
identified within Eurythenes gryllus (sequence data from this study, France and Kocher [12], Escobar-Briones et al. [36]).

Intraclade (K2P) divergences Interclade (K2P) divergences

Min. - Max. Mean Min. - Max. Mean

COIl barcoding gap
Antarctic - Arctic bathyal clade (Eg1) 0.0-0.02 1 0.085-0.132
Antarctic abyssal clade (Eg2) 0.0-0.004 0.085-0.129
Antarctic - Atlantic abyssal clade (Eg3) 0.0-0.013 1 0.090-0.119
Brazil abyssal clade 1 (Eg4) 0.0-0.0 . 0.045-0115
Brazil abyssal clade 2 (Eg5) 0.0-0.003 ! 0.045-0.132

28S rDNA

Antarctic - Arctic bathyal clade (Eg1) 1 0.003-0.007

Antarctic abyssal clade (Eg2) : 0.002-0.006
Antarctic - Atlantic abyssal clade (Eg3) 1 0.004-0.007
Brazil abyssal clade 1 (Eg4) X 0.001-0.004
Eja.ziléakgssal Edﬁ [E!AS] ! 0.001-0.004
r
Antarctic - Arctic bathyal clade (Eg1) 0.0-0.006 ! 0.022-0.097
Antarctic abyssal clade (Eg2) 0.0-0.002 X 0.022-0.092
Antarctic - Atlantic - Pacific abyssal clade (Eg3) 0.0-0.016 1 0.024-0.102
Brazil abyssal clade 1 (Eg4) 0.0-0.002 0.014-0.090
Brazil abyssal clade 2 (Eg5) 0.0-0.002 1 0.014-0.089
Atlantic abyssal clade (Egé6) 0.002 0.036-0.107
Pacific abyssal singleton (Eg7) / 0.022-0.092
Atlantic bathyal clade (Eg8) 0.0-0.009 0.029-0.092
Pacific abyssal clade (Eg9) 0.0-0.007 ! 0.078-0.107

™.

- Havermans et al. 2013 PLoS ONE
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v' « True » E.gryllus = bipolar clade Egl

v" Unique combination of morphological characters for specimens from clades
Egl, 2,3,4+5,6

v’ Species Egl, 2, 3, 4+5 and 6 currently being
(re)described
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"4 “»“Blind” taxonomic studies on amphipods

v/ MOTUs: Molecular Operational Taxonomic Units
v’ Comparative diversity studies on abundant but understudied taxa

v’ Thresholds for species assignment (see other amphipod barcoding studies e.g. Witt et al. 2006,

Costa et al. 2009, Radulovici et al. 2009, Bradford et al. 2010, Havermans et al. 2011)

v Knox et al. (2012) — abundance & diversity of deep-sea phoxocephalids

Station (ind.

50

100

14

9 1 2 50

10 60

o ope %) xonomic units (MOTUs) are those which occur ata

v ANT XXI/2 St. 233 840 m 7 mm
e ¢ subunit 1. . M. Rauschert

Knox et al. 2012 PLoS ONE
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v' DNA barcoding efficient:

 Bimodal distribution of divergences & presence barcoding gap

* Morphospecies retrieved in monophyletic clusters
- Testing hypotheses on faunal distributions:
endemism vs. eurybathy, cosmopolitism

—> Large-scale comparative biodiversity studies

v’ Lysianassoid species richneSs"c'Ie_'érly underestimated !!
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Outlook %H@*H@*H@*

v’ genetic connectivity, species’ distributions:
* F-statistics, AMOVA, network analyses, mismatch distribution analysis
- population expansions, bottlenecks, founder events
-> vulnerability of populations: possibility of recolonization?

v’ phylogenetic analyses: evolution of deep-sea taxa:

diversification scavengers set at Eocene/Oligocene cooling
(Corrigan et al. 2013)

v testing hypotheses in deep-sea biogeography & ecology:
* Depth-differentiation analysis (Etter et al. 2005): bathyal vs. abyssal
* Source-sink hypothesis (Rex et al. 2005)
* Genetic break around 3000 m ? (bivalves zardus et al. 2006, Glazier & Etter 2014)

roTls exhibit only modeé
Etter et ul»(2011)
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