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Advances in molecular
methodologies and the application
and interpretation of molecular
methodologies for macrofauna
classification

Their relevance to environment
assessment and monitoring

Thomas Dahlgren ISA Macrofauna Workshop 2014

uniResearch



Outline

 The deep sea taxonomic knowledge gap
* Deep sea taxonomy and challenges

 Examples of molecular methodologies and
connectivity

* Biodiversity monitoring and applications to
molecular taxonomy

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Clarion Clipperton Fracture Zone (CCZ)

International Seabed Authority
Thomas Dahlgren ISA Macrofauna Workshop 2014



Baseline study objectives

* What is the degree of population connectivity
of animals across the Clarion-Clipperton Zone
(CCZ) at scales of 100-1000 km??

 What is the degree of variation in biodiversity
levels across the CCZ?

* What is the degree of variation in community
structure across the CCZ?

Our main parameter is taxonomy

Thomas Dahlgren ISA Macrofauna Workshop 2014
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The taxonomy problem
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The taxonomy problem
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-
ol OBIS strives to document the coean's diversity, distribution and abundance of ife. Created by the Census of Marine Life, OBIS is now part of the Intergovemmantal Oceanographic Commission (IOC) of UNESCO, under its Intemational Oceanagraphic Data and
Information Exchange (IODE) programme.

r

Thomas Dahlgren

ISA Macrofauna Workshop 2014



Number of species

200 -

150 -

137 |-

100 -

50 -

0

300 -

250 -

Biodiversity estimate
(rarefaction); macrofauna
(exluding arthropods)

ABO1
North Sea
Number of individuals sampled
1 355501 1001 1501 2001 2501 3001 3501 4001 4501 5001



Scientific cruises to the CCZ

USSR & Russia many
Japan many
UK ?
Germany =30 (6 since 2006)
Korea several
USA =50
France =50
Others (eg China, Tonga, Belgium) many

* No lack of sampling effort Nimmo 2013

* Traditional taxonomical praxis too slow

* Need to be more pragmatic?
Thomas Dahlgren ISA Macrofauna Workshop 2014
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Macrofauna classification

 Why taxonomy?

— Taxonomy is the scaffolding of biological science

If the names are unknown, knowledge of
the things also perishes
— Carl Linnaeus

— UN Convention on Biological Diversity

“Conscious of the intrinsic value of biological diversity g‘f 3\;
and of the ecological, genetic, social, economic,
scientific, educational, cultural, recreational and UNITE?SZA TIONS
aesthetic values of biological diversity and its
components”
Thomas Dahlgren ISA Macrofauna Workshop 2014
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International Commission on Zoological
Nomenclature

@ All @ Taxonomy

ABOUT THE CODE BULLETIN PUBLICATIONS OUTREACH FAQS ITZN ZOOBANK CURRENT CASES AND LIST OF AVAILABLE NAMES A NEW LEASE OF LIFE FOR THE ICZN

SUBMITTING A CASE SPONSORS

Welcome to the ICZN Passing of Commissioner Susan Lim

We are deeply saddened by news of the passing of Commissioner Susan Lim (Parasitology; Malaysia) on 2

. o . August 2014,
. The International Commission on Zoological

Nomenclature (ICZN) acts as adviser and

arbiter for the zoological community by ZooBank Progress Report
generating and disseminating information The ZooBank progress report for the first quarter of 2013 is now available.
on the correct use of the scientific names of
animals. The ICZN is responsible for e 148,625 total registrations
producing the International Code of e 92,543 registered Nomenclatural Acts
Zoological Nomenclature - a set of rules for the naming of « 18,555 registered Authors
animals and the resolution of nomenclatural problems. . 37'527 registered Published Works

I WANT TO...

e Submit a Case

e Comment on a Case

* View/comment on the Rotifer part of the List of Available
Names

List of open cases updated
The list of open cases has been updated.

Thomas Dahlgren ISA Macrofauna Workshop 2014
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ICZN

* The description should include ‘a description or definition
that states in words characters that are purported to
differentiate the taxon’

* The type specimen should be deposited ‘in an institution
that maintains a research collection, with proper facilities
for preserving them and making them accessible for study’

 The taxonomic work ‘must have been produced in an
edition containing simultaneously obtainable copies by a
method that assures numerous identical and durable copies

or widely accessible electronic copies with fixed content
and layout.”

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Deep-sea taxonomy

* Records are rare. No (OBIS) records for
annelids in the CCZ

* Type material of described deep-sea species
often in a poor state

* Type localities not that accurate

* Lack of DNA data
* New sampling is a major effort

Thomas Dahlgren ISA Macrofauna Workshop 2014

uniResearch



Taxonomic challenges

* Species hypothesis formulation
— Intra-species diversity range
— The “barcode gap”
— Representative morphology (larvae, adult, egg)

— The legacy of old names (is the “new species
hypothesis” valid?)
* Incomplete morphological description
* Holotype in poor state
* Poorly defined type locality
 No DNA sequence data
Thomas Dahlgren ISA Macrofauna Workshop 2014
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“State of the art”
morpholocical work
— Fauchald 1972

* Polychaetes from off Western
Mexico

* Stations at shelf and slope
* Material from e few “new” cruises

*  Plus the Albatross cruises 1889-91,
1911

* Fauchald recognised 227 species
* 76 new species described
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/ ! Aricidae longicirrata Fauchald, 1972

Haploscoloplos mexicanis Fauchald, 1972
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Advances in molecular methodologies

* Barcoding initiatives

* Phylogenetic analyses

* Databases (crosslinked to Genbank, BOL)
* Sequencing speed and cost

* Bioinformatics (sequence data and
microcomputers)

-> A ‘new species hypothesis’ inclusive of DNA barcode data is increasingly
easy to falsify!

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Connectivity

e Species diversity and community structure

» Scale of species ranges (resilience to
disturbance)

* Population structure

— |dentification of suitable model species

Thomas Dahlgren ISA Macrofauna Workshop 2014

uniResearch



Deep Sea Crabs

Chaceon quinquedens “Atlantic Deep-Sea Red Crab”, Chaceon fenneri “Golden Crab”,
Chaceon affinis “King Crab”

Weinberg, Dahlgren, Trowbridge, Halanych 2003



Deep Sea Crabs
o o New England Chaceon quinquedens

GoM Chaceon quinquedens
Atlantic Florida C. fenneri

@ East Atlantic C. affinis

@

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Deep Sea Crabs

Chaceon quinquedens “Atlantic Deep-Sea Red Crab”, Chaceon fenneri “Golden Crab”,
Chaceon affinis “King Crab”

. duinquedens

C. affinis_, i h

-_ C. quinguedens )
g C. fenneri
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}

Weinberg, Dahlgren, Trowbridge, Halanych 2003



Deep Sea Crabs

Weinberg et al. 2003

* Three species may be two species
* Deceptive (convergent) morphology

* Long distance gene flow

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Deep Sea Annelids

Glover et al. 2005

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Deep Sea Annelids

Glover et al. 2005

|:| = Catalina whale
[ ] = Santa Cruz whale
Thomas Dahlgren ISA Macrofauna Workshop 2014

uniResearch



Deep Sea Annelids

Glover et al. 2005

* One species may be two species
* Cryptic diversity
e E.g. through sympatric speciation

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Horse Mussel

Halanych et al. 2013
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Horse Mussel

Halanych et al. 2013

* One species may be two allopatric species
* Cryptic diversity
e Separation by distance

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Cryptic diversity common
also in shallow water and
for well known “species”

* Barroso, R., Klautau, M., Solé-Cava, A. M.,
& Paiva, P. C. (2010).

* Bock, D. G., Maclsaac, H. J., & Cristescu,
M. E. (2012).

* Jolly, M. T,, Viard, F., Gentil, F., Thiebaut, E.,

& Jollivet, D. (2006).
* Nygren, A., & Pleijel, F. (2011).
* Nygren, A., EkI6T, J., & Pleijel, F. (2009).
* Nygren, A., EkI6T, J., & Pleijel, F. (2010).
* Pleijel, F,, Rouse, G., & Nygren, A. (2009).
* Wiklund, H., Glover, A., Johannessen, P., &
Dahlgren, T. (2009).
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PROCEEDINGS THE ROYAL ]
of OCIETY

Mar Biol (2010) 157.69-80
DOI 10.1007/00227-009-1296-9

Multilocus genetic analyses differentiate between widespread
and spatially restricted cryptic species in a model ascidian

Dan G. Bock, Hugh J. Maclsaac and Melania E. Cristescu

ORIGINAL PAPER

Proe. R. Soc. Bpublished online 8 February 2012
doi: 10.1098/rspb.2011.2610

Eurythoe complanata (Polychaeta: Amphinomidae),
the ‘cosmopolitan’ fireworm, consists of at least
three cryptic species

Molecular Phylogenctics and Evolution 58 (2011) 132-141

Contents lists svailable at ScienceDirect )
Romulo Barroso - Michelle Klautau -

Antonio M. Solé-Cava - Paulo C, Paiva

Molecular Phylogenetics and Evolution !
A

2 x_\S‘l

Org Divers Evol (2010) 10:193-204

journal h www.elsevier,com/| ymp

ORGANISMS

DOl 10.1007/513127-010-0014-2
From one to ten in a single stroke - resolving the European Eumida sanguinea = ORIGINAL ARTICLE DWE\'.‘ff)II..rJT%ON

(Phyllodocidae, Annelida) species complex
Arne Nygren ™, Fredrik Pleijel®

Sytemaris e sy, DparmentofZgy Untersty ofGthnban B 267 40530 Gt Svede
Deparment of rtn ey« i, Universiyof Goshenbur, 45296 Ssbstad S

Cryptic species of Notophyllum (Polychaeta: Phyllodocidae)
in Scandinavian waters

Arne Nygren - Jenny Eklif - Fredrik Pleijel

Five colour morphs and three new species of Gyptis
(Hesionidae, Annelida) under a jetty in Edithburgh
South Australia

FrEDRIK PLEDEL, GREG ROUSE 8& ARNE NYGREN

Molecular Ecology (2006) 15, 1841-1855 dod: 101111/} 1365- 284X 2006 02910.x

Comparative phylogeography of two coastal polychaete
tubeworms in the Northeast Atlantic supports shared history
and vicariant events

Zoological Journal of the Linnean Society, 2009, 155, 774-785, With & figures

Cryptic speciation at organic-rich marine habitats:
a new bacteriovore annelid from whale-fall and fish
farms in the North-East Atlantie

HELENA WIKLUND', ADRIAN G. GLOVER’, PER J. JOHANNESSEN' and
THOMAS G. DAHLGREN™

Marine Biology Research, 2009; 5: 315-327 J%]
b,

ersity, PO Box 463, SE-40530 Giteborg, Sweden
Z Dep Na ¢ Museum, Cromwell Road, London SW7 5BD, UK
Tnstitutt for Biologi, PO Box 7800, N-5020 Bergen, Norway

ORIGINAL ARTICLE

Received 6 December 2007; accepted for publication 17 March 2008 Phyllod

Arctic-boreal sibling sp of Pa itis (Polyct

ARNE NYGREN'*, JENNY EKLOF' & FREDRIK PLEIJEL*

 Unicersity of Gothenbu of Zoology, S ics and Biodi Goeeborg, Seveden; *University of

Gothenburg, Department of Marine Ecology, Stomsiad, Sweden
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Model species population

Barrier

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Population Structure

Thomas Dahlgren ISA Macrofauna Workshop 2014

uniResearch



POPULATION GENETICS, DEMOGRAPHIC CONNECTIVITY, AND THE
DESIGN OF MARINE RESERVES

STEPHEN R. PALUMBI'
Department of Organismic and Evolutionary Biology, Harvard University, Cambridge, Massachusetts 02138 USA

Abstract. Genetic analyses of marine population structure often find only slight geo-
graphic differentiation in species with high dispersal potential. Interpreting the significance
of this slight genetic signal has been difficult because even mild genetic structure implies
very limited demographic exchange between populations, but slight differentiation could
also be due to sampling error. Examination of genetic isolation by distance, in which close
populations are more similar than distant ones, has the potential to increase confidence in
the significance of slight genetic differentiation. Simulations of one-dimensional stepping
stone populations with particular larval dispersal regimes shows that isolation by distance
is most obvious when comparing populations separated by 2-5 times the mean larval
dispersal distance. Available data on fish and invertebrates can be calibrated with this
simulation approach and suggest mean dispersal distances of 25-150 km.

Design of marine reserve systems requires an understanding of larval transport in and
out of reserves, whether reserves will be self-seeding, whether they will accumulate recruits
from surrounding exploited areas, and whether reserve networks can exchange recruits.
Direct measurements of mean larval dispersal are needed to understand connectivity in a
reserve system, but such measurements are extremely difficult. Genetic patterns of isolation
by distance have the potential to add to direct measurement of larval dispersal distance
and can help set the appropriate geographic scales on which marine reserve systems will
function well.

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Gene flow and genetic separation
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MtDNA is “OK”
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MtDNA is “OK”

Fst Micro- Allozymes mtDNA MHC Cpall2 Median of

satellites 11 loci individual
8 loci microsatellite
loci

0.0000 0.063 0.057 0.063 0.064 0.049 0.054
0.0001 0.125 0.056 0.072 0.068 0.070 0.065

0.0010 0.958 0.342 0455 0.240 0.386 0.366
0.0020 1.000 0.774 0866 0.572 0.799 0.770

1.000  0.998 0.982 0.998 1.000

0.0100 1.000 1.000 1.000 1.000 1.000 1.000

Abbreviations: MHC, major histocompatibility complex; mtDNA,
mitochondrial DNA. André et al. 2010

Thomas Dahlgren ISA Macrofauna Workshop 2014

uniResearch



POPULATION GENETICS, DEMOGRAPHIC CONNECTIVITY, AND THE
DESIGN OF MARINE RESERVES

STEPHEN R. PALUMBI'

Department of Organismic and Evolutionary Biology, Harvard University, Cambridge, Massachusetts 02138 USA

Abstract. Genetic analyses of marine population structure often find only slight geo-
graphic differentiation in species with high dispersal potential. Interpreting the significance
of this slight genetic signal has been difficult because even mild genetic structure implies
very limited demographic exchange between populations, but slight differentiation could
also be due to sampling error. Examination of genetic isolation by distance, in which close
populations are more similar than distant ones, has the potential to increase confidence in
the significance of slight genetic differentiation. Simulations of one-dimensional stepping
stone populations with particular larval dispersal regimes shows that isolation by distance
is most obvious when comparing populations separated by 2-5 times the mean larval
dispersal distance. Available data on fish and invertebrates can be calibrated with this
simulation approach and suggest mean dispersal distances of 25-150 km.

Design of marine reserve systems requires an understanding of larval transport in and
out of reserves, whether reserves will be self-seeding, whether they will accumulate recruits
from surrounding exploited areas, and whether reserve networks can exchange recruits.
Direct measurements of mean larval dispersal are needed to understand connectivity in a
reserve system, but such measurements are extremely difficult. Genetic patterns of isolation
by distance have the potential to add to direct measurement of larval dispersal distance
and can help set the appropriate geographic scales on which marine reserve systems will
function well.

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Summary

e Cryptic diversity is common
* mtDNA can be used to discover cryptic diversity

* The scale of connectivity is important in
conservation genetics

* mtDNA can be used to analyze population genetic
samples with an “OK” resolution

* Scales of genetic structure at around 150 km call
for an ambitious sampling effort needed in the
CCZ |

Thomas Dahlgren ISA Macrofauna Workshop 2014
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Example of how DNA barcode
taxonomy data can be used

 DNA barcode taxonomy

— Analyses of samples
e Samples from single specimens

* Bulk sample identification test using a DNA barcode library
. AT of tissue from all individuals separated from the sample
HEF = (Hajibabaei et al. 2012)
30 - 87% of taxa present in a sample was detected from analyzing the
ethanol used to bulk preserve them
— 89% in conventional tissue extracted DNA (mixed tissue)

— 100% success for all taxa represented with more than 1%
individuals for both DNA sources

— Analyses of environmental DNA and taxonomical
databases






LEBENSPUR in biodiversity
assessments

* Assessment of biodiversity
* Mainly megafauna

* Low taxon resolution

* Large sample size

*  Possibility for automatic analyses
through image recognition

* No taxon database available

* Papers:
* Jones et al. 2007

uniResearch

100mm

el g«i .,%‘

F G H

Figure 5. Megafaunal traces recorded in seabed photographs of the bathyal Kangerdlugssuaq area, Greenland. (A) Large circular hole. (B)
Small circular hole. (C) Molpadid mound. (D) Asteroid trace. (E) Ophiuroid trace. (F) Holothurian faccal plough. (G) Narrow plough.
(H) Wide plough. (I) Crenulated plough.

Jones et al. 2007

Thomas Dahlgren ISA Macrofauna Workshop 2014



eDNA in biodiversity
asessments

* Potential to asses diversity levels

*  Community structure data if
matched with DNA barcode
database (but abundance data?)

* No database available for deep sea
taxa

* 1 paper tested macro- meio- and
micro diversity levels

* 6 meiofauna diversity levels only (+
microbial eukaryotes)

Chariton et al. 2010
Creer et al. 2010
Fonseca et al. 2010
Bik et al. 2011

Bik et al. 2012
Pawlowski et al. 2011
Pawlowski et al. 2014

uniResearch

Through the use of eDNA (A) it is possible to obtain sequence information from the environment
without isolating the target species first, which may detect species where traditional sampling
has failed, (B) studies that necessitate rapid or multiple species detection are possible and ideally
suited, (C) combined with 2* Generation Sequencing, thousands or millions of sequences can be
produced simultaneously to analyse species diversity.

Primers can be designed to amplify
short fragments of degraded DNA
(80-250bp) of one, or many target
species using species-specific primers;
¥4 or as many species as possible using
universal primers. Often, mitochondrial
"1 markers such as Cyt B or COl are used
as barcodes.

As eDNA methods are rapid and cost effective, | Studies have shown &
studies aiming to detect invasive species such as eDNA concentration to 3
Asian Carp in be directly related to g
the Great | number of individuals R
Lakes are |in mesocosms and 3
particularly | natural ponds, but g
amenable to | many issues still need
using eDNA. to be addressed. DNA concentration
Data derived from the repeated sampling of single
locations that describe dynamic relationships
between taxa and the environment could help
identify the role of niche-based stochastic
processes in shaping species distributions and
abundance. This type of information allows
researchers to ask questions related to ecosystem
processes.
1% 19 15 The use of 2™ Generation Sequencing allows in
GGC G -f-w-.‘-’- T e A depth analysis through a variety of sequencing
methodologies that are not possible with
standard sequencing, such as the addition of
tags to amplicons (when samples are pooled) to
track which amplicons come from what sample;
the generation of thousands of sequences at
once which increases the reliability and scope of
] analysis; and the ability to sequence information
) | in a much more cost-effective manner,
'

Bohmann et al. 2014
Thomas Dahlgren ISA Macrofauna Workshop 2014



RESEARCH COMMUNICATIONS

Ecological assessment of estuarine
sediments by pyrosequencing eukaryotic
ribosomal DNA

Anthony A Chariton™", Leon N Court’, Diana M Hartley”, Matthew ] Colloff’, and Christopher M Hardy*

our und ling of ecosystems and determines environmental man-
agement decisions on resource use and conservation priorities. Recently, a new discipline - environmental
or ecological genomics (ecogenomics) - has emerged from major advances in sequencing kc:hnnlogms such
as pyrosequencing (a technique based on the detection of py during

and enabled extraordinary progress in the way biodiversity can be assessed. Since 2008, numrm\u high-
impact microbial metagenomic sequencing studies, which have relied on both classical and next-generation
sequencing, have been published. As a result, many previously unrecognized taxa and biota have been iden-
tified, but none of these studies explored cukaryote diversity. Here, we illustrate the power of applying next-
generation pyrosequencing to identify and yote species in the context of
assessing the impacts of human activity on ecosystems.

Front Ecol Environ 2010; 8(5): 233-238, doi:10.1890/090115 (published online 7 Apr 2010)

Chariton et al. 2010

* Shallow water Sydney Harbor
* Control and Impact (but no BACI)
*  Phylum (order) level resolution

* Impact on macrofauna but
meiobiota less clear

uniResearch

Reference macrobiota (n=1372) Contaminated macrobiota (n = 1522)

Unassigned Unassigned

Bivaivia Bivalvia

Dinophyceae

P haeta
Polychasta o

Gastropoda
Malacostraca

Dinophyceae

Misc metazoa
Misc metazoa
Misc non-metazoa Misc non-metazoa

Reference meiobiota (n =4578) Contaminated meiobiota (n = 5487)
Unassigned Bacillariophyceae Unassigned Bacillariophyceae
Turbellaria Cercozoa Cercozoa
Turbellaria

Chromadorea
Coscinadiscophyceas

Chromadorea
Coscincdiscophyceae Polychaeta

Stramenopiles

Polychaeta
Dinophyceae Podocopa

Podocopa Dinophyceae

Kinorhyncha
Misc non-metazoa Misc nan-metazoa

Misc metazoa Maxillopoda Misc metazoa Maxillopoda
Reference microbiota (n=4816) Contaminated microbiota (n =5070)
Ascomycota , Bacillariophyceas Bacillariophyceae

Unassigned Cercozoa Unassigned Cercozoa

Polychaeta Chromadorea

Chromadorea Polychaeta

Coscinodiscophyceae Coscinodiscophyceas

Misc non-metazoa Misc non-metazoa

Dinophyceas Dinophyceae

Misc metazoa Misc metazoa

Figure 2. The relative proportions of eukaryote OTUSs, grouped by Class or higher
taxonomic let'cl, in macro, meio, and micro fractions from reference and contaminated
locations. n = total number of OTUs in the combined samples. Miscellaneous (Misc)
metaz r)a/nnn -metazoa contains the taxa represented by < 2.5% of the total OTU5.
Stramenopiles = all OTUs assignable to this unranked taxonomic group, apart from the
Phylum Bacillariophyta.

Thomas Dahlgren
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MOLECULAR ECOLOGY

010), 19 Suppl. 1), 4-20 doi: 10.1111/11365-294X 2009.04473.x

Molecular Ecology (2

Ultrasequencing of the meiofaunal biosphere: practice,
pitfalls and promises

S. CREER,* V. G. FONSECA,* D. L. PORAZINSKA,+ R. M. GIBLIN-DAVIS,# W. SUNG.$
D. M. POWER,§ M. PACKER,Y G. R. CARVALHO,* M. L. BLAXTER,** P_ |. D. LAMBSHEAD#H
and W. K. THOMASY
*School of Biological Sciences, Environment Centre Wales, Deiniol Road, College of Natural Sciences, Bangor University
Guwynedd LL57 2UW, UK, +Fort Luuderdale Research and Education Center, University of Florida, IFAS, 3205 College Avenuc,
Fort Lauderdale, FL 33314, USA, $Hubbard Center for Genome Studics, University of New Hampshire. 35 Coloves Rd
Durham, NH 03824, USA. §Centre of Marine Sciences, CCMAR-CIMAR Assaciate Laboratory, University of Algarce,
005-139 Faro, Portugal, 4 Department of Zoology, The Natural History Muscum, Cromuwell Road, Lo v
Institute of Evolutionary Biology Luboratories, Unic f Edinburgh, King's Buildin
nburgh EH9 3]T. UK, +4School of Ocom and Earth Science, University of Seuthampton, National Ocoano;
Centre, European Way, Southampton, SO14 3ZH, UK

Creer et al. 2010
* Meiofauna only

* Shallow water British beach
* High richness of nematodes
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(b) Tropical rainforest

& Nematoda

O Environmental samples.
8 Arthropoda
8 Platyheiminthes
O stramencpiles.
®Plantac
1 BGastrorricha
B Moblusca
O Annelca
@aryomon
Dercoron
® Alveolats
Fig. 5 Pie chart illustrating the relative proportion of OCTUs (clustered at 97% similarity) belonging to each taxonomic grouping
found in (a) the marine littoral benthos and (b) the tropical rainforest case studies. pLasT hits to ‘environmental samples’ represent
unclassified taxa.

(8! Marine (b) . Tropical rainforest
B Other Eukaryota @ Nematoda O Total @ Other Eukaryota @ Nematoda O Total —
175+ 240+
» 150 210
§ s g 180
150
% 100 %
3 PR
E 75 € %0
z
50 z 60
254 30+
0 - - 0 -
Marine_corel Marine_core2 Marine_core3 Canopy Litter Soil

Fig. 4 Number of putative non-chimeric OCTUs (clustered at 97% similarity) found (a) in the marine littoral benthos and (b) tropi-
cal rainforest case studies for sample site. Data are provided for totals, Nematoda and other Eukaryota (including OCTUs with sLAsT
hits to ‘environmental samples’ representing unclassified taxa).
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narure 120
COMMUNICATIONS

= Nematoda
100 = Platyhelminthes
- = Arthropoda
ARTICLE =
= 80 = Mollusca
Received 26 Feb 2010 | Accepted 22 Sep 2010 | Published 19 Oct 2010 8 = Stramenopiles
Second-generation environmental sequencing 5 60 = Plantae
unmasks marine metazoan biodiversity 3 * Gastrotricha
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Figure 2 | Taxon richness and community similarity in relation to ecology
and space. (a) Number of different OCTUs per sample for each phylum
after data standardization derived from the Prestwick (eight sampling sites)
and Littlehampton (one sampling site) marine littoral benthos; (b) grain
size represents the relative 50% cumulative median grain size (um) per
site, and cluster analyses (UPGMA) using Sorensen’s Coefficient represent
the number of shared OCTUs between the nine independent samples.

The positive relationship between grain size and sample richness is highly
significant (Spearman’s correlation coefficient, n=9, p=-0.83, P=0.0108).
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Pawlowski et al. 2011

* Deep Sea
* Sediment samples

* DNA from pelagic and benthic
organisms

*  Much of the DNA from organisms
not present
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Figure 2. Taxonomic distribution of OTUs assigned to Metazoa.
doi:10.1371/journal.pone.0018169.g002
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Environmental DNA for wildlife biology
and biodiversity monitoring

Kristine Bohmann'-2", Alice Evans®*, M. Thomas P. Gilbert™*, Gary R. Carvalho®,
Simon Creer®, Michael Knapp?, Douglas W. Yu®*, and Mark de Bruyn®

' Centre for GeoGenetics, Natural History Museum of Denmark, University of Ce @ster Violdgade 5-7, 1350 C
K, Denmark
?School of Bi Sciences, Uni ity of Bristol, Woodland Road, Bristol BS8 1UG, UK

3Molecular Ecology and Fisheries Genetics Laboratory, School of Biological Sciences, Deiniol Road, Bangor University,
Bangor LL57 2UW, UK

“Trace and DNA Lab v, D of Envil and Ag , Curtin University, Perth,
Western Australia 6845, Australia
*State Key L y of Genetic and ion, Ki Institute of Zoalogy, Chinese Academy of Sciences,

32 Jiaochang East Road, Kunming, Yunnan 650223, China
®School of Biological Sciences, University of East Anglia, Norwich Research Park, Norwich, Norfolk NR4 7TJ, UK

. Can we catalogue the variables that will
affect eDNA half-life and can we set
standards to determine whether the
samples are degraded past the point of
use?

. How do we best preserve samples for
later analyses of eDNA?

. What are the dispersive properties of
eDNA in various environments?

. How readily is eDNA transported between
horizons and environments?

. How can we more rapidly and cost-
effectively analyse field samples?

. How can we more powerfully and reliably
define and assign taxonomies to eDNA
sequences?

. How quantitative is eDNA data — can

conversion factors be meaningfully
implemented to account for sampling,
biomass, and amplification biases?
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summary

Enormous taxonomical data gap

Major challenge is the legacy of old names with poor
morphology and no DNA data

DNA barcode data allow for more pragmatic ‘turbo’ taxonomy

‘standard’ and widely used markers such as mtDNA fragments
and 18§, is ok

* Population genetic studies show that cryptic species are
common

 When barcodes are available, DNA barcode taxonomy data
can be analyzed using e.g. eDNA sampling

Thomas Dahlgren ISA Macrofauna Workshop 2014

uniResearch






“BARCODE GAP”

* “Coalescent depth vary among
species

* Overlap between intra- and
interspecific may be the roule

*  Will not compromise identification
success (the local gap) for a
specific species”

— Dirk Steinke
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Figure 2. Schematic of the Inferred Barcoding Gap
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