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Keynote presentations
The conference features six keynote presentations, given over the three days.
Keynote presenters are:
1. Nicolas Bierne
From speciation genes/islands to the architecture of species barriers, the two tales
of speciation genomics

2. Nicolas Galtier
Comparative population genomics in animals: genetic diversity, adaptive rate,
species barrier

3. Andreas Hejnol
Comparative developmental biology and its relationship to genomic and
morphological evolution

4. Marjorie Oleksiak
Adaptation: from among to within populations

5. Cynthia Riginos
Considering the seascape context in population genomic studies

6. Frédérique Viard
Improving our understanding of biological invasion processes with DNA-based
studies: a brief overview and a case study
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From speciation genes/islands to the architecture of species barriers, the two tales
of speciation genomics
Nicolas Bierne
Institute des Sciences de l'Évolution Montpellier (ISEM), University of Montpellier,
France
Identifying barrier loci that restrict gene flow between incipient species has
sometimes been argued as one of the principal aims of speciation genomics. This
objective echoes the quest for the loci of adaptation within species; a quest that has
often been criticized to result in focusing on Mendelian traits and in distracting us
from our ultimate goal of understanding and predicting adaptation. However,
speciation genomics has obtained outstanding successes. Genes involved in hybrid
lethality and sterility have been identified and have supported the well-known
Dobzhansky-Muller model of hybrid incompatibility. Genome sequences have
revealed large genome regions of high genetic differentiation, the so-called genomic
islands, in accordance with the expectation that barrier loci restrict gene flow in these
regions. Finally genomic islands are sometimes shared between repeated events of
parallel speciation, suggesting a common pathway to speciation under shared
environmental pressures. Building on these successes it was easy to conclude that
speciation is distinct from within-lineage evolutionary change and proceeds to sieve a
few large effect loci. I was one of those who were easily inclined to embrace this
view, until recently. I will present some studies of segregation distortions and
population genomics we conducted in mussels and other marine and terrestrial
species. I will show that a general multigenic model of hybrid fitness can account for
a large number of empirical patterns. Without denying that large effect genes, gene
clusters and supergenes exist, closer inspections of empirical patterns together with
theoretical and molecular evolution arguments suggest that species barriers are mainly
a side-effect of genome-wide divergence.
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Comparative population genomics in animals: genetic diversity, adaptive rate,
species barrier
Nicolas Galtier
Institute des Sciences de l'Évolution Montpellier (ISEM), University of Montpellier,
France
The molecular evolutionary literature in animals has been dominated
during decades by just two taxa, namely hominids and drosophilids.
Here, taking a comparative approach across ~100 species from 35 distinct
families and eight phyla of animals, I investigate the relationship
between species traits and population genomic processes. I show that
the genetic diversity, but not the rate of adaptive evolution, is
remarkably well predicted by species life history traits.
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Comparative developmental biology and its relationship to genomic and
morphological evolution
Andreas Hejnol
Sars International Centre for Marine Molecular Biology, Norway
Life evolved in the sea and also main animal lineages originated in the oceans. The
study of marine animals thus provides a fascinating resource to understand in depth
the origin of major animal organs systems before they diversified into highly
specialised organs found in terrestrial animals including humans. The improved
resolution in the animal tree and advancements in technology such as novel
sequencing, microcopy and molecular tools allow to investigate a much broader
number of marine animals and their embryos than ever before. This opens the
opportunity to strategically sample many species to test previous hypotheses and
develop new ones. Genomic changes can be now correlated with evolutionary
changes in morphology providing to ask novel questions. I will provide using the
example of gut evolution new insights that change previous ideas about how animal
evolved.
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Adaptation: from among to within populations
Marjorie Oleksiak
Rosenstiel School of Marine & Atmospheric Science, Florida, USA
How fast and at what scale does adaptive divergence occur in natural populations?
Adaptive divergence within populations has typically been studied over tens of
thousands of years. However, with the pace of rapid environmental change, adaptive
change on ecologically relevant time scales will be increasingly important. To explore
the potential for ecologically relevant evolutionary adaptation, my research focuses on
the teleost Fundulus heteroclitus. F. heteroclitus populations have extensive standing
genetic variation and exhibit adaptive divergence across different time periods and
spatial scales. Time scales range from the last glaciation (10,000 mya) to a few
seasons, and spatial scales range from 1,000s of kilometers to within the same
population and even within the same individual (between nuclear and cytoplasmic
genomes). This rapid pace of adaptive change means that much evolution must result
from standing genetic variation, which can be redeployed in constantly changing
environments. Additionally, rapid adaptation is more likely when there are many
different polymorphic genes, and selection for a few of these genes creates a more fit
phenotype (a polygenic trait). These two parameters (standing genetic variation and
polygenic traits) explain the rapidity of adaptive divergence in F. heteroclitus
populations
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Considering the seascape context in population genomic studies
Cynthia Riginos
School of Biological Sciences, University of Queensland, Australia
The question of how spatially arrayed environmental and habitat features influence
microevolutionary processes has a long history in evolutionary biology. Our
newfound ability to query genomic variability in natural populations has reinvigorated
enthusiasm for discovering correlations between such features and genetic variants
and, subsequently, drawing inferences regarding how drift, migration, and selection
shape intraspecific genetic variation. In our exuberance, however, fundamental
attributes of spatial geographic features have been largely overlooked, especially with
respect to inherent correlational structures of such data. For marine species, life in
flowing water brings additional challenges for attempting to relate spatial genetic
variation to underlying processes, as environmental attributes can be highly dynamic,
and dispersal could be episodic, asymmetric, and collective. I will discuss these issues
and suggest some strategies and potentially fruitful avenues for research. Then, I will
focus on the specific issue of asymmetric dispersal and ask whether oceanographicbased dispersal models can serve as adequate spatially explicit hypotheses of
migration, using a case study of Acroporid corals on the Great Barrier Reef, Australia.
Documenting the extent and variability of planktonic larval dispersal remains a
persistent challenge in marine biology. Despite substantial recent progress in
determining mean dispersal distances for focal species, how dispersal varies across
seascapes and whether specific seascape attributes can effectively predict relative
dispersal levels remains largely unknown. Biophysical models provide compelling
and detailed spatial hypotheses of dispersal across seascapes, and inferences from
such models are increasingly being used to support spatial planning for conservation
and fisheries. How well biophysical models provide accurate spatial summaries of
dispersal history, however, is unresolved. At large geographic scales, intraspecific
spatial genetic structure provides an observable, albeit murky, outcome of past
generations of dispersal, but is limited both by the high variance of evolutionary
genetic processes and constrained sampling efforts. Here, we focus on a foundational
coral from the Great Barrier Reef, Acropora tenuis; we draw upon a customized
biophysical dispersal model and a spatially extensive microsatellite data set (43
populations, 1928 distinct multilocus genotypes) to test for correlations between
independent estimators of dispersal and diversity derived from biophysical models,
reef configuration, and genetics.
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Improving our understanding of biological invasion processes with DNA-based
studies: a brief overview and a case study
Frédérique Viard
Station Biologique Roscoff, France
Non-indigenous species provide excellent case studies to explore important ecoevolutionary processes. In this context, DNA-based studies have been extensively
used in the past thirty years. A brief overview of what we had been learnt from such
studies (e.g. little evidence of founder events) will be provided. An illustration will
then be provided regarding an important issue of marine biological invasion studies:
the outcome of secondary contacts between native and introduced species that
diverged in allopatry. The outcomes of such secondary contacts may be diverse (e.g.
adaptive introgression of the introduced species, establishment of hybrid zones that
may stop propagation of the introduced species etc.) but are not yet well examined.
We investigated the fate of such a human-mediated secondary contact between two
tunicates, namely Ciona intestinalis and C. robusta, in the English Channel. Field
surveys documented that the two species are found in syntopy, mature at the same
period and display similar life-cycle in the study area. In addition, despite an ancient
divergence (ca. 4 Mya) they were shown to be only partially reproductively isolated
under laboratory conditions. And yet, using 312 SNPs developed from fulltranscriptomes, we showed that the introgressions, observed in the wild, are the
outcome of historical gene flow (spread afterwards at a worldwide level) rather than
contemporary hybridization. We then investigated the mechanisms that may explain
the lack of hybridization between the two species. Post-zygotic ecological effects
alone are unlikely to be effective against hybridization. The analyses of F2 hybrid and
backcross progenies with ddRaq-sequencing finally suggested that genetic
incompatibilities are the most likely mechanisms preventing hybridization between
the introduced and native species in the English Channel. This case study illustrates
that combining field work, experimental crosses and high-throughput sequencingbased studies can help improving our understanding of eco-evolutionary processes
associated with biological introductions.
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1. Diversification in space and time
Session organizers:
Heroen Verbruggen, University of Melbourne.
Olivier De Clerck, University of Gent.
Contact E-mail: heroen.verbruggen@unimelb.edu.au

Understanding the evolutionary processes that contributed to contemporary species
diversity is a major research objective in biology. Large-scale patterns of diversity,
however, invariably find their origin in small changes in allele frequencies that act at
the population-level. Connecting those microevolutionary processes to the
macroevolutionary patterns, has remained a challenge for biologists for a long time.
Progress in phylogenetic inference methods both below and above the species-level,
and a quantum-leap in the technology to generate genetic data, hold the potential to
bring the traditionally separated disciplines of macroecology and population genetics
closer to each other.
The goal of this session is to bring together scientists that apply evolutionary models
to answer questions about the diversification dynamics of marine organisms, with
talks focused on both the temporal and geographic aspects of diversification. We will
aim to have a set of complementary talks spanning the spectrum from
microevolutionary processes focusing on local adaption to large-scale
macroevolutionary patterns.
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Diversification of the brown algal order Dictyotales
Christophe Vieira (1), Frederique Steen (1), Heroen Verbruggen (2), Frederik Leliaert (1,3),
Sofie D’hondt (1), Claude Payri (4), Olivier De Clerck (1)
(1) Department of Biology, Phycology Research Group, Ghent University, Krijgslaan 281, 9000 Ghent,
Belgium; (2) School of BioSciences, University of Melbourne, Melbourne, Victoria 3010, Australia; (3)
Botanic Garden Meise, Nieuwelaan 38, 1860 Meise, Belgium; (4) ENTROPIE (IRD, UR, CNRS),
LabEx-CORAIL, Institut de Recherche pour le Développement, B.P. A5, 98848 Nouméa Cedex,
Nouvelle-Calédonie, France
Presenter contact details: olivier.declerck@ugent.be, Phone: +32 9 2648500.
Brown seaweeds (Phaeophyceae) are ubiquitous in the global coastal environment and often dominate
shallow benthic marine habitats. However, we know little about the macroevolutionary and
biogeographic processes explaining present-day patterns in diversity and biogeography. The aim of this
study is to seek evolutionary explanations for the geographic distributions of the Dictyotales, one of the
most diverse brown algal orders,. Taking a phylogenetic approach we compiled the largest and most
comprehensive dataset of this order to date (>4000 specimens belonging to >300 species) and present
the first macroevolutionary study on brown seaweeds. Dictyotales reach their highest diversity in the
tropical Indo-Pacific and display a clear latitudinal diversity gradient on the species level. Ancestral
range reconstruction is pointing to a southern hemisphere origin of the Dictyotales corresponding most
plausibly to the Southern Tethys (in ‘tropical’ environments). Remarkably, only two clades
experienced major bursts of diversification in the Cenozoic as indicated by diversification analyses.
Radiation within these two clades, which are displaying contrasting present day latitudinal distribution,
seemingly resulted from different evolutionary processes. Dictyota diversified by adapting to cooler
temperatures and moving out of the tropics, while Lobophora retained a predominantly tropical niche.
In the latter case biotic competition in coral reef environments may have acted as a driver for
diversification.
Keywords: marine macroalgae, macroevolution, diversification, latitudinal gradient
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Unfolding the global biodiversity patterns of marine planktonic diatom
communities in the world oceans
Shruti Malviya (1), Colomban de Vargas (2), Chris Bowler (3)
(1) Simons Centre for the Study of Living Machines, National Centre for Biological Sciences, Tata
Institute of Fundamental Research, UAS-GKVK Campus, Bellary Road, Bangalore 560065, India; (2)
CNRS & UPMC, UMR 7144, Station Biologique de Roscoff, Place Georges Teissier, 29680 Roscoff,
France; (3) Ecole Normale Supérieure, PSL Research University, Institut de Biologie de l’Ecole
Normale Supérieure (IBENS), CNRS UMR 8197, INSERM U1024, 46 rue d’Ulm, F-75005 Paris,
France
Presenter contact details: shrutim@ncbs.res.in, Phone: +91 90 75 010 640.
Analysis of microbial eukaryotic diversity is fundamental to understanding ecosystems’ structure,
biology and ecology. Diatoms (Stramenopiles, Bacillariophyceae) are one of the most diverse and
ecologically prominent groups of phytoplankton. This study was performed to enhance the
understanding of global biodiversity patterns and structure of marine planktonic diatom communities
across the world's oceans. We used the metabarcoding data set generated from the biological samples
and associated environmental data collected during the Tara Oceans (2009-2013) global
circumnavigation covering all major oceanic provinces. A total of ~18 million diatom V9-18S rDNA
tags from 126 sampling stations, constituting 631 size-fractionated plankton communities were
generated. Using ~250,000 unique diatom metabarcodes, the global diatom distribution and diversity
across size classes, genus and ecological niches was assessed. Notably, our analysis reavealed: (i) a
new estimate of the total number of planktonic diatom species, (ii) a considerable unknown diversity
and exceptionally high diversity in the Open Ocean, and (iii) complex diversity patterns across oceanic
provinces. Also, co-occurrence of several ribotypes in locations separated by great geographic
distances (equatorial stations) demonstrated a widespread but not ubiquitous distribution. This work
provides a comprehensive perspective on diatom distribution and diversity in the world’s oceans and
elaborates interconnections between associated theories and underlying drivers. It shows how metabarcoding approaches can provide a framework to investigate environmental diversity at a global scale,
which is deemed as an essential step in answering various ecological research questions. Consequently,
this work also provides a reference point to explore how microbial communities will respond to
environmental conditions.
Keywords: Tara Oceans, diatoms, metabarcoding, diversity, world oceans
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Resolving the evolutionary relationships of pteropods with phylogenomic tools
Katja T.C.A. Peijnenburg (1), Paula Ramos-Silva (2), Geneviève A.O. Girard (3), Alice K.
Burridge (4), Amy E. Maas (5), Erica Goetze (6), Ferdinand Marlétaz (7)
(1,4) Naturalis Biodiversity Center; University of Amsterdam, Netherlands; (2) Instituto Gulbenkian de
Ciência, Portugal; (3) University of Amsterdam, Netherlands; (5) Bermuda Institute of Ocean Sciences,
US; (6) University of Hawai'i, US; (7) Okinawa Institute of Science and Technology, Japan.
Presenter contact details: Katja.Peijnenburg@naturalis.nl, Phone: +31 617419693.
Shelled pteropods, also known as sea butterflies, are a group of holoplanktonic gastropods that have
been identified as exceptionally vulnerable to rising CO2. Hence, interest in this group has grown
considerably over recent years and pteropods are to explore the effects of ocean acidification (OA).
However, for pteropods to be suitable bioindicators of ocean changes, we need to have a solid
phylogenetic framework. Previous attempts to resolve the phylogeny of pteropods have mainly relied
on single gene trees and resolution has been limited due to large rate heterogeneity and insufficient
taxonomic signal. Here, we re-evaluate phylogenetic relationships using a transcriptome-based
phylogenomic approach. We collected new transcriptome data for 22 pteropod species representing all
major groups, including shelled, partially shelled, and unshelled species, and we assembled a data
matrix of 1048 genes with good occupancy. Our phylogenomics analyses drastically improved the
resolution of deeper nodes and we conclude that pteropods are a monophyletic group, with sea hares as
their most likely sister group. Our well-resolved tree calibrated against the fossil record sheds new light
on evolutionary responses of calcifying zooplankton to past changes in ocean chemistry and constitutes
a framework for further studies assessing the adaptive potential of pteropods.
Keywords: Pteropods, evolution, phylogenomics, fossil record
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Phylogenetic tools for resolving species and secondary metabolite diversification
in marine cyanobacteria
Niclas Engene (1), Ana Tronholm (2), Angélica R. Soares (3), Valerie J. Paul (4)
(1) Department of Biological Sciences, Florida International University, Miami, Florida 33199, USA;
(2) Southeast Environmental Research Center, Florida International University, Miami, FL 33199,
USA; (3) Universidade Federal do Rio de Janeiro, Núcleo em Ecologia e Desenvolvimento
Socioambiental de Macaé, Grupo de Produtos Naturais de Organismos Aquáticos (GPNOA), Caixa
Postal 119331, Macaé, RJ, CEP 27910-970, Brazil; (4) Smithsonian Marine Station at Fort Pierce,
701 Seaway Dr., Fort Pierce, FL 34949, USA
Presenter contact details: nengene@fiu.edu, Phone: +1 858 531 3177
Marine cyanobacteria are notorious for their prolific biosynthetic capacities to produce structurally
diverse secondary metabolites. Many of these molecules can be beneficial as natural products (NPs)
with biomedical potential, but also hazardous for humans as well as for the natural environment,
having the ability to form harmful algal blooms (cyanoHABs). In an effort to provide taxonomic clarity
to better guide future NPs discovery explorations and cyanoHABs predictions, we have investigated
the taxonomy of marine cyanobacteria based on their evolutionary relatedness. Our phylogenetic
inferences of marine cyanobacterial suggest a high degree of novel biodiversity that previously was
overlooked by traditional morphology-based taxonomic approaches. This evolutionary study provides a
framework for a more robust classification system that we have applied to describe the four most
chemically-rich lineages known to date, as the new genera: Moorea, Okeania, Caldora, and Dapis. We
will also present a comprehensive biogeographic study, comparing species of these new genera from
multiple Caribbean and Pacific locations, where we found a diverse suite of secondary metabolites to
be highly conserved and species-specific. Thus, these taxonomic descriptions provide classification
systems that are able to identify the cyanobacteria and predict their production of bioactive secondary
metabolites. Finally, we will discuss how we successfully have applied these phylogenetic tools for the
discoveries of several structurally novel natural products.
Keywords: cyanobacteria, phylogenetics, secondary metabolites.
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From spawning to settlement: Identifying fine-scale connectivity in the Convict
Tang, Acanthurus triostegus, across Oʻahu
Richard R. Coleman (1, 2), Derek Kraft (1), Robert J. Toonen (1), Brian W. Bowen (1)
(1) Hawaiʻi Institute of Marine Biology; (2) University of Hawaiʻi, Manoa, Dept. of Biology
Presenter contact details: rcolema@hawaii.edu, Phone: +1 916 524 3734
In Hawaiʻi it is estimated that 31% of the residents participate in recreational fishing (i.e. sport, leisure
or subsistence). It is also estimated that 36% of the total catch for the waters surrounding many Pacific
nations are attributed to recreational fish harvest. Under-managed fisheries can lead to overfishing and
can prohibit the long-term sustainability for communities that use this natural resource for subsistence.
Maintaining food security into the future will require new management approaches to protecting
coastal resources. One of the first steps to informing proper management of fisheries is to determine
the source of fish populations. Here, we conduct a parentage analysis of a common and heavy fished
species of reef fish, the Convict Tang, Acanthurus triostegus, to describe dispersal patterns and
connectivity pathways. Over 1500 samples of adults and juveniles were collection from 21 locations
around the island of Oʻahu, Hawaiʻi. DNA signatures for individuals were developed from SNPs
generated by ddRAD. The results of this research will be used by Native Hawaiian community leaders
to help inform community-based management efforts.
Keywords: Hawaii, RAD sequencing, parentage analysis, Surgeonfish, connectivity
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The effect of range expansions and secondary contact on killer whale genomic
diversity
Andrew D. Foote (1,2), Phillip A. Morin (3), Michael D. Martin (4), Marie Louis (5), George
Pacheco (6), Kelly M. Robertson (3), Mikkel-Holger S. Sinding (6), Vitor C. Sousa1 (7),
Orcanomics consortium, M. Thomas P. Gilbert (6), Jochen B.W. Wolf (8,9), Laurent Excoffier
(1)
(1) CMPG, Institute of Ecology and Evolution, University of Bern, Baltzerstrasse 6, 3012 Bern,
Switzerland; (2) MEFGL, School of Biological Sciences, Bangor University, Bangor, Gwynedd, LL57
2UW, UK; (3) Marine Mammal and Turtle Division, Southwest Fisheries Science Center, National
Marine Fisheries Service, National Oceanographic and Atmospheric Administration, 8901 La Jolla
Shores Drive, La Jolla, California 92037, USA; (4) NTNU University Museum, Norwegian University
of Science and Technology, Trondheim, Norway;(5) Sea Mammal Research Unit, Scottish Oceans
Institute, University of St. Andrews, St. Andrews, Fife KY16 8LB, UK; (6) Centre for GeoGenetics,
Natural History Museum of Denmark, University of Copenhagen, Øster Volgade 5-7, Copenhagen K
1350, Denmark; (8) Centre for Ecology, Evolution and Environmental Changes, Faculdade de
Ciências da Universidade de Lisboa, Edifício C2, 5º Piso, Sala 2.5.46 Campo Grande, 1749-016
Lisboa, Portugal; (8) Department of Evolutionary Biology, Evolutionary Biology Centre, Uppsala
University, Norbyvägen 18D, Uppsala SE-752 36, Sweden; (9) Section of Evolutionary Biology,
Department of Biology II, Ludwig Maximilian University of Munich, Großhaderner Strasse 2,
Planegg-Martinsried 82152, Germany.
Presenter contact details: FooteAD@gmail.com, Phone: +44 7486001944.
Geographic and ecological radiations are important study systems of adaptation and speciation.
However, there can be a genetic cost associated the expansion of a species range that is less wellstudied. Killer whales (Orcinus orca) are globally distributed, ranging from the Arctic to the Antarctic
and all waters in between. The highest densities are at high latitudes, where the species has typically
diversified into ecologically, genetically and morphologically distinct forms. Here, we present a global
dataset of whole genome sequences representatively sampled from the known range of geographic and
genetic diversity. Using many of the statistical analyses first developed for human genomics, we find
that genetic drift is highest in the high latitude ecotypes, with the exception of a mammal-eating
ecotype in the North Pacific. This drift is the key driver of global population structuring. We identified
clear signatures of admixture, for example, admixture appears to have contributed to the genetic
‘rescue’ of the North Pacific marine mammal ecotype. The remaining high latitude ecotypes had
reduced heterozygosity; long runs of homozygosity and an excess on non-synonymous mutations at
high frequency within the population. These findings are consistent with models of the genetic
consequences of range expansions, and reflect similar findings in modern humans associated with the
expansion out of Africa. Under these models, deleterious mutations can surf to high frequency within
populations at the wave front of a range expansion due to the low density of Ne, subsequent weak
selection and strong drift. We therefore anticipate the high latitude ecotypes to have lower mean fitness
than low latitude populations. This is to some extent supported by field observations.
Keywords: Range expansion, mutation load, admixture, drift
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Stable coexistence of genetically divergent Atlantic cod ecotypes at multiple
spatial scales
Halvor Knutsen (1,2,3), Per Erik Jorde (1,2), Jeffrey A. Hutchings(1,2,4), Jakob HemmerHansen (5), Peter Grønkjær (6), Kris-Emil Mose Jørgensen (6), Carl André (7), Marte
Sodeland (3), Jon Albretsen (1), Esben M Olsen (1,3)
(1) Institute of Marine Research, Flødevigen, N-4817 His, Norway; (2) Centre for Ecological and
Evolutionary Synthesis (CEES), Department of Biosciences, University of Oslo, P.O. Box 1066
Blindern, N-0316 Oslo, Norway; (3) Centre for Coastal Research, University of Agder, N-4604
Kristiansand, Norway; (4) Department of Biology, Dalhousie University, Halifax, NS, Canada; (5)
Section for Marine Living Resources, National Institute of Aquatic Resources. Technical University
of Denmark, Silkeborg, Denmark; (6) Aarhus University, Department for Bioscience, Aquatic Biology,
8000 Aarhus, Denmark; (7) Department of Marine Sciences – Tjärnö, University of Gothenburg,
Strömstad, Sweden
Presenter contact details: p.e.jorde@hi.no, Phone: +47 98878146
Coexistence in the same habitat of closely related yet genetically different populations is a
phenomenon that challenges our understanding of local population structure and adaptation. Identifying
the underlying mechanisms for such coexistence can yield new insight into adaptive evolution,
diversification, and the potential for organisms to adapt and persist in response to a changing
environment. Recent studies have documented cryptic, sympatric populations of Atlantic cod (Gadus
morhua) in coastal areas. We analyzed genetic origin of 6483 individual cod sampled annually over 14
years from 125 locations along the Norwegian Skagerrak coast and document stable coexistence of two
genetically divergent Atlantic cod ecotypes throughout the study area and study period. A ‘fjord’
ecotype dominated in numbers deep inside fjords while a 'North Sea' ecotype was the only type found
in offshore North Sea. Both ecotypes coexisted in similar proportions throughout coastal habitats at all
spatial scales. The size-at-age of the North Sea ecotype on average exceeded that of the fjord ecotype
by 20% in length and 80% in weight across all habitats. Different growth and size among individuals of
the two types might be one of several ecologically significant variables that allow for stable
coexistence of closely related populations within the same habitat. Management plans, biodiversity
initiatives, and other mitigation strategies that do not account for the mixture of species ecotypes are
unlikely to meet objectives related to the sustainability of fish and fisheries.
Keywords: Atlantic cod, connectivity, temporal genetic stability, ecotypes, sympatry
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A metagenome approach for the study of intra-specific variation in
bacterioplankton species
Sjöqvist C (1,2), Alneberg J (1), Bennke C (3), Labrenz M (3) & Andersson AF (1)
(1)KTH/Royal Institute of Technology, Division of Gene Technology, Science for Life Laboratory,
Stockholm, Sweden; (2) Åbo Akademi University, Environmental and Marine Biology, Åbo, Finland;
(3) Leibniz Institute for Baltic Sea Research (IOW), Warnemünde, Germany
Presenter contact details: csjoqvis@abo.fi, Phone: +358 40 5580 284
Diversity estimates of marine microbes are biased by the fact that only 1% of marine bacteria are
cultivable. Therefore, developing alternative approaches is necessary in order to understand existing
microdiversity within bacterial species in natural environments. We investigated genomic population
patterns of multiple bacterioplankton species in the Baltic Sea along gradients of salinity, nutrients and
temperature. In total 30 metagenome samples across the Baltic Sea and from different depth layers
were collected, resulting in ~50 million Illumina Hiseq shotgun reads per sample. All metagenomic
reads were mapped against previously established reference genomes from the same area with a 95%
identity cut-off, in order to produce datasets suitable for population genomic analyses. Likewise,
seasonal patterns during March-December at a single station in the central Baltic Sea were studied,
providing information about intra-specific diversity over time. Our population genomic analyses
revealed that bacterial species are structured along spatial and temporal scales. However, populations
were in general more variable across space than time. Genomic differentiation, quantified by the
fixation index, was occasionally larger between populations inhabiting geographic areas in close
vicinity, compared to populations with a greater geographic distance. In the surface layer, salinity was
the most powerful predictor of genetic differentiation. In deeper water, temperature differences
correlated significantly with genomic differentiation in most of the studied species. Thus, our results
imply that local environmental conditions, and not only geographic distance, structure the genomic
composition of microbial populations. Our results also show that apart from flexible genomic islands,
adaptation via allelic differentiation seem important in natural conditions. Our approach, combining
metagenome data with population genomics increases the understanding of population level diversity
and adaptation in this ecologically vital group of organisms.
Keywords: population genomics, metagenomics, aquatic bacteria, intra-specific diversity, natural
gradients
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Asymmetric oceanographic processes and environmental conditions mediate
connectivity and spatial patterns of genetic variation in the giant California sea
cucumber
Amanda Xuereb (1), Laura Benestan (2), Eric Normandeau (3), Janelle Curtis (4), Louis
Bernatchez (5), Marie-Josée Fortin (6)
(1) Department of Ecology and Evolutionary Biology, University of Toronto; (2) Institut de Biologie
Intégrative et des Systèmes, Université Laval; (3) Institut de Biologie Intégrative et des Systèmes,
Université Laval; (4) Pacific Biological Station, Ecosystems Sciences Division, Fisheries and Oceans
Canada; (5) Institut de Biologie Intégrative et des Systèmes, Université Laval; (6) Department of
Ecology and Evolutionary Biology, University of Toronto
Presenter contact details: Amanda.xuereb@mail.utoronto.ca, Phone: +1 647 869 7540.
Marine populations are typically characterized by weak genetic differentiation due to the potential for
long-distance dispersal favouring high levels of gene flow and limiting local adaptation. Strong
directional advection of water masses or retentive hydrodynamic forces can influence, however, the
degree of genetic exchange among marine populations. To determine the oceanographic drivers of
genetic structure in a highly dispersive marine invertebrate – the giant California sea cucumber
(Parastichopus californicus) – we first tested for the presence of genetic discontinuities along the
northeastern Pacific coast. Then, we tested two hypotheses regarding spatial processes influencing
population structure: (i) isolation-by-distance (IBD: genetic structure is explained by geographic
distance), and (ii) isolation-by-current (IBC: genetic structure is driven by ocean circulation). Finally,
we identified environmental variables correlated with putatively adaptive genetic variation using a
multivariate environmental association analysis. Using RADseq, we genotyped 717 individuals from
24 sampling locations across 3,699 SNPs to assess the degree of population differentiation, and
integrated estimates of genetic variation with inferred connectivity probabilities from a biophysical
model of larval dispersal mediated by ocean currents. We identified two clusters separating north and
south regions, as well as significant, albeit weak, substructure within regions. After modelling the
asymmetric nature of ocean currents, we demonstrated that local oceanography (IBC) was a better
predictor of genetic variation than distance (IBD) and that directional processes played an important
role in shaping fine-scale structure. We also identified bottom temperature as an important
environmental variable driving spatial patterns of genetic variation at putatively adaptive loci. Our
study contributes to the growing body of literature identifying significant population structure in
marine systems and has important implications for the design of marine reserve networks for P.
californicus and other exploited marine species.
Keywords: seascape genomics, RAD sequencing, environmental-association analysis, marine
connectivity
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2. Evolutionary Biology of Marine
Invasions
Session organizers:
April Blakeslee, East Carolina University
Carolyn Tepolt, Woods Hole Oceanographic Institute.
Katerina Vasileiadou, Hellenic Centre for Marine Research.
Christina Pavloudi, Hellenic Centre for Marine Research.
Thanos Dailianis, Hellenic Centre for Marine Research.
Tereza Manousaki, Hellenic Centre for Marine Research.
Contact E-mail: blakesleeap14@ecu.edu, kvasileiadou@hcmr.gr

Marine invasions represent natural experiments in evolution, as invasive species
spread and adapt to novel environments. In addition, the introduction of novel species
to marine systems can impact the evolutionary biology of resident species from the
population to community to ecosystem levels.
Often, these evolutionary changes can be very rapid and may take myriad forms,
including physiological adaptation and behavioral changes to exploit new
environments. Likewise, resident species may evolve quickly in response to strong
selective forces exerted by invaders, leading to changes in resident populations,
community interactions, and even their environments. However, the field of invasion
processes and interactions has remained a "black-box" for many marine systems.
As rates of anthropogenic transport around the globe increase, so do the spread and
expansion of a multitude of species that would otherwise be geographically
constrained. Discerning sources, timing, and vectors of invasive species are often
main objectives in marine genetic studies, while elucidating the adaptive shifts and
population dynamics is fundamental for biodiversity conservation and management of
stocks. This session aims to advance the understanding of invasion mechanisms, local
adaptation processes, and the interactions of introduced species with native
populations and marine environments.
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Combining niche-shift and population genetic analyses predicts rapid phenotypic
evolution during invasion
Sotka, E.E.(1), A.W. Baumgardner (1) P.M. Bippus (1) C. Destombe (2), E.A. Duermit (1), H.
Endo (3), B.A. Flanagan (1), M. Kamiya (4), L.E. Lees (1), C.J. Murren (1), M. Nakaoka (3),
S.J. Shainker (1), A.E. Strand (1), R. Terada (3), M. Valero (2), F. Weinberger 6), S.A.
Krueger-Hadfield (7)
(1) Department of Biology, College of Charleston, Charleston SC. 29412. USA; (2) UMI EBEA 3614,
CNRS, Sorbonne Universités, UPMC, UCCh, UACH, Station Biologique de Roscoff, Roscoff, France;
(3) United Graduate School of Agricultural Sciences, Kagoshima University, Kagoshima, Japan; (4)
Faculty of Marine Bioscience, Fukui Prefectural University, Obama, Fukui, Japan; (5) Akkeshi Marine
Station, Field Science Center for Northern Biosphere, Hokkaido University, Aikappu, Akkeshi,
Hokkaido, Japan; (6) Helmholtz-Zentrum für Ozeanforschung Kiel (GEOMAR), Kiel, Germany; (7)
Department of Biology, University of Alabama at Birmingham, Birmingham, AL, 35924, USA.
Presenter contact details: SotkaE@cofc.edu, Phone: +1 843-953-9191.
Rapid evolution of non-native species can facilitate invasion success, but recent reviews indicate that
such microevolution rarely yields expansion of the climatic niche in the introduced habitats. However,
because some invasions originate from a geographically restricted portion of the native species range
and its climatic niche, it is possible that the frequency, direction and magnitude of phenotypic
evolution during invasion has been underestimated. We explored the utility of niche-shift analyses in
the red seaweed Gracilaria vermiculophylla, which expanded from the northeastern coastline of Japan
to North America, Europe and northwestern Africa within the last 100 years. A genetically-informed
climatic niche shift analysis indicates that native source populations occur in colder and highly
seasonal habitats, while most non-native populations typically occur in warmer, less seasonal habitats.
This climatic niche expansion predicts that non-native populations evolved greater tolerance for
elevated heat conditions relative to native source populations. We assayed 935 field-collected and 325
common-garden thalli from 40 locations and as predicted, non-native populations had greater tolerance
for ecologically-relevant extreme heat (40ºC) than did Japanese source populations. Non-native
populations also had greater tolerance for cold and low-salinity stresses relative to source populations.
The importance of local adaptation to warm temperatures during invasion was reinforced by evolution
of parallel clines: populations from warmer, lower-latitude estuaries had greater heat tolerance than did
populations from colder, higher-latitude estuaries in both Japan and eastern North America. We
conclude that rapid evolution plays an important role in facilitating the invasion success of this and
perhaps other non-native marine species. Genetically-informed ecological niche analyses readily
generate clear predictions of phenotypic shifts during invasions, and may help to resolve debate over
the frequency of niche conservatism versus rapid adaptation during invasion.
Keywords: genetic adaptation; biological invasions; Rhodophyta; heat tolerance; latitudinal cline
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What’s ploidy got to do with it? The evolutionary ecology of haplodiplontic
seaweed invasions
Stacy A. Krueger-Hadfield (1)
(1) Department of Biology, University of Alabama at Birmingham
Presenter contact details: sakh@uab.edu, Phone: +1.205.934.6034
Baker’s Law predicts uniparental reproduction will facilitate colonization success in novel habitats.
While evidence supports this prediction among colonizing plants and animals, few studies have
investigated shifts in reproductive mode in haplodiplontic species, in which there is substantial somatic
development in both haploid and diploid stages. In these life cycles, cross-fertilization between
haploids that share the same diploid parent is analogous to self-fertilization in animals and diploiddominant plants. Further, asexual reproduction can yield the dominance of either haploid or diploid
individuals. Using Mastocarpus sp. and Gracilaria vermiculophylla as examples, I will explore the
genetics and evolutionary ecology of range expansions across spatial scales. Asexuality results in the
loss of the crustose, diploid stage in Mastocarpus sp, but there is a novel combination of ploidy and
morphology in the upright life history stage. Due to the complexity of the biphasic life cycle, the
maintenance of geographic parthenogenesis does not appear to be driven by the same mechanisms that
underlie these patterns in animals or seed plants. Rather, the loss of a free-living stage likely enables
range expansions along tidal and latitudinal gradients. In the case of G. vermiculophylla, the ecological
shift from fixed to free-floating thalli, ostensibly necessitated by the invasion of soft-sediment habitats,
correlated with shifts from sexual to asexual reproduction during the Northern Hemisphere invasion.
However, sexual populations have been found in the non-native range, but the degree of selfed versus
outcrossed progeny are unknown. A labile mating system likely facilitates colonization success and
subsequent range expansion, but the long-term eco-evolutionary impacts will depend on which ploidy
stage is lost and the degree to which asexual reproduction is canalized.
Keywords: Asexual reproduction, Baker’s Law, Clonality, Haplodiplontic life cycle, Seaweed
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Local adaptation of gametes in a Baltic invader
Leon Green (1), Lotta Kvarnemo (1)
(1) Department of Biological and Environmental Sciences, University of Gothenburg
Presenter contact details: leon.green@bioenv.gu.se, Phone: +46 704 761 480
The round goby (Neogobius melanostomus) is a case example of an invasive fish species that
experiences novel selection, and most likely exerts novel selection on other organisms, where it
spreads. It is native to the freshwater and brackish region around the Black Sea. Despite continued
shipping-associated spread of the species into fresh and brackish water, no establishment of the species
in fully marine conditions (>30 ‰ salinity) has been reported. As adults have been shown to tolerate
these conditions, it has been hypothesized that more sensitive life stages are limiting the species
distribution. As the species is plastic and tolerant, strong environmental selection on certain traits can
likely facilitate adaptation during assisted introduction or natural spread into novel salinities. One such
trait is sperm velocity, which in external fertilizers is directly associated with fertilization success.
Sperm velocity is triggered by osmolality differences and sperm are often locally adapted to salinity
conditions. This makes sperm relevant to study in externally fertilizing brackish invasive species. We
investigate the round goby’s sperm performance optima and limits by comparing populations in
different salinities and of different time since establishment. The data suggests they are capable of
adapting to local conditions. Local adaptation can have consequences for the species further spread and
associated environmental and ecological effects. These findings show the importance of studying
gametes under selection in invasive species and present the round goby as a case study where rapid
evolution can occur.
Keywords: sperm, salinity, environmental selection
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Rapid adaptation and the success of the European green crab, Carcinus maenas
Carolyn Tepolt (1)
(1) Department of Biology, Woods Hole Oceanographic Institution, Woods Hole, MA, USA, 02543
Presenter contact details: ctepolt@whoi.edu, Phone: +1 508-289-3357
Marine invasive species are particularly good at both dispersing broadly and thriving in new
environments, despite the limited adaptive potential suggested by high gene flow and population
bottlenecks. Cardiac physiology and transcriptome sequencing were integrated to examine adaptation
to temperature in the globally invasive European green crab (Carcinus maenas). Both physiological and
genomic data suggested local adaptation to temperature in the species' native range, possibly
contributing to its two-step introduction and spread in northeastern North America. There was a rapid
recapitulation of this pattern in the North American invasive range, where populations exhibited a
strong gradients in temperature tolerance in under 200 years. A suite of putatively-selected genomic
regions – including a likely supergene – were identified, and ten of these regions were significantly
associated with environmental temperature and thermal tolerance across both the native and invasive
range. Seven of these genomic regions also showed a strong and significant association with winter
temperature in an independent test of five invasive populations on the West Coast of North America.
These populations span >1,500 km of coastline and were descended from a single, highly bottlenecked
introduction in 1990. Overall, these results strongly indicate local adaptation in the species' native
range, and suggest a role for ongoing, rapid selection in the success of this highly-dispersive marine
invader.
Keywords: rapid adaptation, thermal biology, invasion, supergene
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Is environmental adaptation in the invasive species Didemnum vexillum due to
epigenetic mechanisms?
Kirsty Smith (1), Nicola Hawes (1,2), Achira Amadoru (3), Xavier Pochon (1,2), Louis
Tremblay (1,4), Sylvain Agostini (5), Yasunori Saito (5), Andrew Fidler (2)
(1) Cawthron Institute, Private Bag 2, Nelson 7042, New Zealand; (2) Institute of Marine Science,
University of Auckland, Auckland 1142, New Zealand; (3) Nelson Marlborough Institute of
Technology, 322 Hardy St, Nelson 7010, New Zealand;(4) School of Biological Sciences, University of
Auckland, Private Bag 349, Warkworth 0941, New Zealand (5) Shimoda Marine Research Center,
University of Tsukuba, 5-10-1 Shimoda City, Shizuoka 415-0025, Japan
Presenter contact details: kirsty.smith@cawthron.org.nz, Phone: +64 3 548 2319.
Phylogenetic analyses of the globally invasive marine ascidian Didemnum vexillum, using the
mitochondrial COI gene, have revealed two distinct clades: clade A is now found in temperate coastal
areas around the world, while clade B is apparently restricted to its native region (NW Pacific). The
distribution of clade B may reflect a lower thermotolerance than clade A or adaptation to warmer
waters. Multiple mitochondrial genomes revealed significant intra- and inter-clade differences in the
sequences for enzymes involved in oxidative phosphorylation. Laboratory experiments examined
thermal stress tolerance and mitochondrial enzyme function of colonies from both clades within the
native region. Clade A appears to be better adapted to lower water temperatures than clade B,
consistent with clade A’s abundance in temperate waters. Nonetheless, more recent clade A
introductions (e.g., the Mediterranean Sea, southern India) suggest it has a remarkable ability to adapt
to warm sub-tropical waters. The capacity of populations to adaptively evolve has generally been
explained by existing heritable genetic variation that, until recently, has almost exclusively been
identified as genomic DNA nucleotide variation. However, there is increasing acceptance that nonDNA nucleotide variation – collectively termed ‘epigenetics’ - can affect ecologically important traits.
Environmentally induced epigenetic modifications (e.g., DNA methylation) have been proposed as one
process underlying the rapid adaption of invasive species. Global DNA methylation in introduced
populations of clade A show distinct patterns and are significantly different to native populations.
Introduced populations also show a significant reduction in global methylation levels, which has been
suggested as a mechanism for increasing phenotypic plasticity. Epigenetic variation may act as a buffer
against rapid environmental changes and compensate for low levels of DNA sequence-based variation.
These processes are potentially important mechanisms in the success of many introduced species.
Keywords: Mitogenome, Adaptation, Speciation, Epigenetics, DNA methylation
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The population genetics of hybrid zones between introduced and native mussels
at the sea-port interface
Alexis Simon (1), Christine Arbiol (1), Denis Roze (2, 3), Benoit Sarels (4, 5), Jérôme
Couteau (6), Frédérique Viard (3, 7), Nicolas Bierne (1)
(1) Institut des Sciences de l’Évolution UMR5554, Université de Montpellier, CNRS-IRD-EPHE-UM,
France; (2) CNRS, UMI 3614, Evolutionary Biology and Ecology of Algae, Roscoff, France; (3)
Sorbonne Universités, UPMC University Paris VI, Roscoff, France; (4) Sorbonne Universités, UPMC
University Paris VI, Laboratoire Jacques-Louis Lions, 75005 Paris, France; (5) Laboratoire de
Biologie Intégrative des Modèles Marins, 29680 Roscoff, France; (6) TOXEM 25, rue Philippe Lebon
UFR-ST 76600 Le Havre; (7) CNRS, UMR 7144, Adaptation et Diversité en Milieu Marin, Station
Biologique de Roscoff, Place Georges Teissier, 29680 Roscoff, France.
Presenter contact details: alexis.simon@umontpellier.fr, Phone: +33612334743
Anthropic activities are creating new contacts between genetically differentiated lineages that start to
exchange genes again before our eyes. These contacts provide the opportunity to investigate the
importance of demography, environmental conditions, reproductive isolation and contingency on the
outcome of hybridization between introduced and native lineages. We studied the population genetics
of non-indigenous mussels in French ports. The blue mussel species complex (Mytilus sp.) is composed
of three species distributed in the Northern hemisphere (M. edulis, M. galloprovincialis and
M. trossulus), that naturally hybridize each time they meet. M. galloprovincialis is also found
worldwide due to its invasive potential (e.g. in South Africa, the US West coast or Asia). Using a set
of ancestry informative markers we recently uncovered that the mediterranean lineage of
M. galloprovincialis has been introduced in multiple French ports (Le Havre, Cherbourg, Saint Malo,
Brest) and has been extensively introgressed by M. edulis. Sharp genetic shifts are observed at a very
fine spatial scale at the sea-port interface where the native population is M. edulis. In the roadstead of
Brest however, where the native population is the Atlantic lineage of M. galloprovincialis, we found
that the invading lineage started to spread and to introgress the native background. We used adjustment
to the migration-selection tension zone model to better understand the relative importance of
connectivity, reproductive isolation and adaptation to the port environment in maintaining the spatial
structure.

Keywords: non-indigenous species, introgression, tension zones, blue mussels
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Offshore genetic connectivity among man-made artificial hard substrates
Pieternella C. Luttikhuizen (1), L. Becking(2, 3), J. Beermann (4), A.R. Boon (5), R.
Crooijmans (6), D. Gerla (2), R. Jak (2), F. Kleissen (5), H. van Pelt (2), J.W.P. Coolen (2)
(1) NIOZ Royal Netherlands Institute for Sea Research, Department of Coastal Systems, and Utrecht
University, P.O. Box 59, 1790AB Den Burg, The Netherlands; (2) Wageningen Marine Research, P.O.
Box 57, 1780AB Den Helder, The Netherlands; (3) Wageningen University, Marine Animal Ecology
Group, De Elst 1, 6708 WD Wageningen, The Netherlands; (4) AWI Alfred Wegener Institute, Am
Handelshafen 12, 27570 Bremerhaven, Germany;(5) Deltares, Marine and Coastal Systems, P.O. Box
177, 2600 MH Delft, The Netherlands; (6) Wageningen University, Animal Breeding and Genomics
Centre, Droevendaalsesteeg 1, 6708 PB Wageningen, The Netherlands
Presenter contact details: pieternella.luttikhuizen@nioz.nl, Phone: +31 222 369508.
The past decades have witnessed a steady advance of man-made structures into the marine
environment: ocean sprawl. These artificial hard substrates include nearshore elements such as jetties,
dikes and beach groins, and offshore structures like oil and gas platforms, wind turbines and buoys.
Growth of hard-substrate flora and fauna on them is typically abundant. Increasing connectivity for
these species is one of the many kinds of effects these structures are expected to have on natural
ecosystems. By using artificial hard substrates as stepping-stones, patches of natural habitat that are
normally unconnected may now be connected through migration in two or more generations. The
prediction of increased connectivity due to the presence of a network of artificial hard substrates,
however, has so far only rarely been tested. We combine a genetic with a biophysical modelling
approach and assess offshore connectivity of hard-substrate intertidal species in the southern North
Sea. We contrast a species with - mussels Mytilus edulis (COI sequences and seven microsatellite loci)
– with one without a pelagic larval phase – amphipods Jassa herdmani (COI sequences), hypothesizing
that offshore connectivity will be higher for the taxon with pelagic larvae. The particle tracking model
suggests that offshore connectivity through pelagic larvae may indeed exist. Its pairwise particle
transport matrix correlates significantly with the pairwise Fst matrix for M. edulis, but not with
migration rates as estimated from coalescent simulations. Spatial genetic structure, however, is stronger
for J. herdmani than for M. edulis. The hypothesis of higher offshore connectivity with than without
pelagic larvae is thus corroborated. Together, these analyses support the idea that ocean sprawl may
facilitate connectivity through a stepping-stone effect.
Keywords: man-made installations, stepping stones, sessile invertebrates
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Evolutionary Ecology of Oyster Diseases in Chesapeake Bay, USA
Ryan B. Carnegie (1)
(1) Virginia Institute of Marine Science
Presenter contact details: carnegie@vims.edu, Phone: 1-804-684-7713
Invasions by exotic pathogens can be ecologically consequential, but the evolutionary consequences of
such invasions have not been clear. The protozoan oyster parasite Haplosporidium nelsoni, native to
Asia, is notorious for the ecological and economic destruction that followed its emergence in
Crassostrea virginica along the US Atlantic coast in 1957. It has long been eclipsed in its direct impact
on oysters by native parasite Perkinsus marinus, which emerged as a dominant pathogen in the 1980s.
Intensification of activity by P. marinus, a directly transmissible pathogen, has been attributed to multiyear drought in the 1980s increasing parasite abundance. Greater abundance produced increased
transmission efficiency and thus increased infection, a cascade of positive feedbacks that allowed P.
marinus to persist at high abundance through today. The lack of impact on infection of intervening
periods of environmental conditions unfavorable to the parasite, however, led us to question the
plausibility of this scenario. Retrospective analyses of histological materials spanning 1960-present
revealed that rather than a straightforward increase in abundance in the 1980s, a distinct new parasite
phenotype emerged that was responsible for the increase in disease. This new phenotype presented a
shortened cycle of proliferation in the host, producing far greater intensities of infection than earlier;
infected hosts more rapidly, within months rather than several years; and primarily infected digestive
epithelia, rather than deeper connective tissues. All these changes could represent a selective response
to conditions imposed by H. nelsoni: dramatically reduced oyster host density and a life span of just a
year or two rather than ten or more under heavy H. nelsoni disease. We argue that virulence evolution
in a native pathogen represents a novel response of this system to the emergence of H. nelsoni, and that
this should represent a model for the study of evolution driven by an invasive pathogen.
Keywords: parasite invasion, virulence evolution, marine disease, MSX, dermo
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Genetic bottlenecks and species invasions: how do parasites compare to hosts?
Blakeslee, A.M.H. (1,2); Miller, A.W. (2); Haram, L. (3); Maglies, K. (4); Altman, I. (5); Ruiz,
G.M. (2)
(1) East Carolina University, Greenville, NC, USA; (2) Smithsonian Environmental Research Center,
Edgewater, MD, USA; (3) University of Georgia, Athens, GA, USA (4) Waikiki Aquarium, University
of Hawai’i, Honolulu, HI, USA; (5) Boston University, Boston, MA, USA.
Presenter contact details: blakesleeap14@ecu.edu, Phone: 12527375255
Species introductions are often associated with genetic founder effects, wherein introduced populations
demonstrate significant genetic bottlenecks compared to native populations. Yet many successful
invaders do not conform to this expectation, instead exhibiting little reduction in genetic diversity—
possibly due to multiple introductions and/or high propagule pressure of the introduction vector. It is
less clear however what such a ‘genetic paradox’ might look like for parasites. Parasites may be more
prone to founder effects than their hosts because of inherently smaller founding populations and
complex life cycles—leading to more genetically depauperate founding populations. We investigated
this hypothesis in native (Atlantic) and introduced (Pacific) North American populations of Ilyanassa
(=Tritia) obsoleta (eastern mudsnail) and four trematode parasite species that were introduced with the
snail host to the Pacific coast. We examined diversity, gene flow, and population structure using two
molecular markers (mitochondrial and nuclear) for the host and the four parasites. We found evidence
for significant genetic bottlenecks in parasites versus hosts, and stronger genetic connectivity between
host source and founding populations, suggesting less migration and lower propagule pressure in
parasites versus hosts. Moreover, parasite life cycles had a strong influence on the species of parasites
that invaded with the snail host and subsequent genetic diversity. We also detected the presence of
what appeared to be cryptic taxa in two of the trematode species in both the native and introduced
regions. Altogether, our results add to a greater understanding of the influence of invasions on standing
genetic diversity in non-native organisms, including cryptic groups like parasites.
Keywords: founder effects, genetic paradox, parasite life cycles, trematodes
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3. Epigenetic processes and non-genetic
inheritance in marine species adaptation
Session organizers:
Irene Adrian-Kalchhauser, University of Basel.
Michaela Schwaiger, University of Basel
Contact E-mail: irene.adrian-kalchhauser@unibas.ch

Currently, marine ecosystems on this planet are undergoing rapid, anthropogenic
environmental change. This involves changes in community composition and
alterations in climate parameters or environmental chemistry. A key question is
whether marine organisms will be able to adapt to novel conditions within the given
short timeframes of change.
Epigenetic and gene-regulatory processes represent a potentially important, but little
researched factor in population responses to long-term change, rapid change, or
perturbations. Within the same generation, epigenetic mechanisms may allow an
organism to create phenotypic variation or to display altered reaction norms in the
absence of genetic variation. Additionally, the inheritance of non-genetic information
such as hormones, nutrients, proteins, RNAs, DNA methylation patterns, and histone
modifications from one generation to the next may allow offspring to cope with
unexpected environments in the absence of genetic change, and thus may facilitate
rapid adaptation processes.
However, because of certain experimental and also conceptual challenges, there is no
consensus on the prevalence and on the relevance of epigenetic processes in species
adaptation. We therefore invite abstracts from researchers who tackle the epigenetic
mechanisms behind plastic responses and non-genetic inheritance in marine species
from a theoretical as well as from an experimental approach. We ask them to present
their approaches and results, and to discuss principles, concepts and challenges related
to the topic.
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Epigenetic regulation in the hepatopancreas of the wood-boring isopod Limnoria
quadripunctata during starvation and re-feeding

Francesca L Noyce (1), Christopher M Goodge (1), Katherine M Willson (1), Simon M Cragg
(1,2), Tim R Hebbes (1)
(1) School of Biological Sciences, University of Portsmouth; (2) Institute of Marine Sciences,
University of Portsmouth
Presenter contact details: tim.hebbes@port.ac.uk, Phone +44 (0)23 92842054

The epigenome provides a series of codes imposed over and above the DNA sequence, which regulate
gene expression. Increasingly we have become aware that environmental factors such as diet, stress and
exposure to toxicants all influence the epigenome and gene regulation. The wood-boring
crustacean Limnoria has a number of different cellulase enzymes, such as glycosyl hydrolase, GH7a,
the expression of which are altered by diet. We show that production of faecal pellets stops within 48
hours of the animal being removed from wood. Western blot and immunohistochemistry of the
hepatopancreas reveals that GH7a persists, but drops to approximately 70% of its original value. A key
epigenetic mark of active transcription (H4 K5Ac) shows a clear uniform distribution in cell nuclei of
fed animals, but over the two week starvation period, the mark becomes less evenly distributed with a
reduction in fluorescent marker intensity. Upon re-feeding, production of faecal pellets is rapidly
restored, accompanied by an increase in the level of the H4 K5Ac mark similar to that seen before
starvation and a return to more even distribution. These data demonstrate that epigenetic marks respond
to alterations in diet. This offers a model for investigating how environmental cues change epigenetic
status and thus influence gene regulation.
Keywords: Isopods, gene regulation, epigenetics
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Evaluating statistical methods for DNA methylation association studies: an
ecological and evolutionary perspective
Alan Downey-Wall (1), Katie Lotterhos (1)
(1) Marine Science Center, Department of Marine and Environmental Sciences, Northeastern
University, Nahant, MA, USA.
Presenter contact details: adowneywall@gmail.com, Phone: +1 781 439 4886.
The emergence of cost-effective bisulfite sequencing methods has created opportunity for inquiries into
the role of DNA methylation in non-model systems. This has led to a growing number of studies
concerned with understanding DNA methylation within the context of ecological and evolutionary
processes. However, a major challenge in this emergent field is identifying DNA methylation variation
associated with either an environmental parameter or phenotype of interest while also accounting for
the contribution of variation due to confounding factors (both measured and unmeasured) within the
sequence data. These can include sources of confounding shared with genomic data (e.g. population
structure), and those unique to DNA methylation data sets (e.g. cell-type heterogeneity). To date, a
variety of approaches and statistical methods have been developed to perform epigenome-wide
association tests, while also accounting for the different types of unwanted variation in slightly
different ways. Here, we evaluate several prominent statistical methods using both empirical and
simulated datasets with an emphasis on examining the performance of these methods within ecological
and evolutionary relevant contexts. We discuss some of the pitfalls of these methods and how different
confounding factors are likely to effect statistical power and ability of each method to appropriately
identify DNA methylation variation associated with the variable of interest.
Keywords: ecological epigenetics, DNA methylation, statistical methods, mixed effects models
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DNA methylation and species invasions: can epigenetic variation contribute to
adaptation to new environments?
Nicola Hawes (1,2), Achira Amadoru (3), Andrew Fidler (2), Xavier Pochon (1,2), Louis
Tremblay (1,4), Brendon Dunphy (2,4) Kirsty Smith (1)
(1) Cawthron Institute, Private Bag 2, Nelson 7042, New Zealand; (2) Institute of Marine Science,
University of Auckland, Auckland 1142, New Zealand; (3) Nelson Marlborough Institute of
Technology, 322 Hardy St, Nelson 7010, New Zealand;(4) School of Biological Sciences, University of
Auckland, Auckland 1142, New Zealand
Presenter contact details: Nicola.hawes@cawthron.org.nz, Phone: +64 3 548 2319.
Environmentally induced epigenetic changes may contribute to phenotypic plasticity and increase
adaptive potential in response to abiotic stress. Biological invasions provide a unique model to
investigate adaptation and evolution within short timescales, as the introduced populations must rapidly
adapt to new habitats. Didemnum vexillum is a highly invasive colonial ascidian that has become
established in temperate and sub-tropical waters worldwide. The extensive distribution of D.
vexillum demonstrates a significant capacity for rapid adaptation to new environments, despite invasive
populations having strikingly low levels of genetic diversity. We hypothesised that epigenetic
mechanisms, specifically DNA methylation, may play a key role in its success. D. vexillum is an
excellent model organism in which to study epigenetic modifications in response to environmental
stress as it reproduces asexually to produce colonies allowing replicate experiments to be carried out on
genetically identical individuals. In addition, germ cell lineages can originate from somatic cells
increasing the likelihood that stress-induced epigenetic modifications can be passed on through
gametes. Global DNA methylation patterns of D. vexillum were determined to be significantly different
between introduced and native populations. Introduced populations also displayed a reduction in global
methylation levels, which has been suggested as a mechanism for rapidly increasing phenotypic
plasticity. Using manipulative experiments with temperature and salinity stress treatments, we found
that exposure to elevated temperature resulted in significant changes in DNA methylation over short
time periods. Elevated temperatures also decreased growth rates in exposed colonies. In contrast, no
differences in growth or methylation were observed in colonies exposed to a decreasing salinity
gradient suggesting prior adaptation from the source environment. The results of this study provide
insights into potential role of DNA methylation as a rapid mechanism of adaptation in a globally
invasive species.
Keywords: Adaptation, DNA methylation, Invasion success
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Response of DNA methylation to environmental change in the reef coral Porites
astreoides and its algal endosymbionts
James L. Dimond (1), Steven B. Roberts (1)
(1) University of Washington, School of Aquatic and Fishery Sciences, 1122 NE Boat St., Seattle, WA
98105 USA
Presenter contact details: jdimond@gmail.com, Phone: +1 206 819 1316
Phenotypic acclimatization is an essential organismal response to environmental change, and in many
cases it is rooted in epigenetic mechanisms such as DNA methylation and histone modifications. DNA
methylation is the most widely studied epigenetic process and has been linked to phenotypic responses
to the environment in a range of taxa, with nascent studies on corals and other marine invertebrates.
Here, we compare DNA methylation in Porites astreoides and its algal symbionts on the Belize Barrier
Reef. To determine responses to environmental change, several coral colonies were transplanted to a
common garden and resampled after one year. We used restriction site associated DNA sequencing
(ddRADseq and EpiRADseq) to subsample the genome and assess DNA methylation levels at
individual CpG loci. RADseq data were also used to estimate symbiont diversity, and we found that all
corals were dominated almost exclusively by Clade A Symbiodinium, with further mapping to the
Clade A genome indicating extremely low haplotype diversity. This low genetic diversity justified our
inquiry into the epigenetics of the symbionts in addition to those of the coral host. A greater percentage
of CpGs were methylated in Symbiodinium than in P. astreoides, consistent with prior indications of
DNA hypermethylation in dinoflagellate genomes. Preliminary results suggest that DNA methylation
was considerably more responsive to experimental transplantation in Symbiodinium than in the host
coral. Further work will explore gene functions associated with differential methylation, and potential
implications from the perspective of the coral holobiont.
Keywords: DNA methylation, coral, Symbiodinium
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The role of plastic and epigenetic responses in shell shape adaptation of a clonal
snail
Mark Smithson (1) and Mark Dybdahl (1)
(1) School of Biological Sciences, Washington State University, Pullman, WA 99184
Presenter contact details: mark.smithson@wsu.edu, Phone: +1 804-337-8746
If epigenetic variation is important in adaptation, it should either provide a source of heritable variation
or underlie environmentally triggered adaptive within- or trans-generation plasticity. We test these
ideas using a clonal population of the New Zealand snail, Potamopyrgus antipodarum, that has rapidly
invaded diverse environments in the United States. We have shown that snails within a single genotype
produce shells adapted to different current speed (i.e. among different river and lake habitats). Since
these populations possess at best mutational variation accumulated in the past 30 years since the
invasion bottleneck, adaptive divergence is perhaps surprising unless the variation results from
environmentally triggered epigenetic responses. We recently detected differences in DNA methylation
associated with differences in shell morphology. The number of differences in DNA methylation
between habitats were an order of magnitude greater than the differences between replicate sites of
the same habitat. To better understand whether the adaptive shell shape variation to fast currents
results from within-generation plasticity or an inherited response to past environments, we measured
shell shape of river snails in the laboratory without water current for three generations. After the first
generation, shell morphology was not significantly different from that of the source river snails. After
the second and third generations, shell shape of lab-reared snails differed progressively more from that
of the source river snails. This pattern suggests that the adaptive variation is not the result of withingeneration plasticity and instead represents an inherited response to past environments. We also found
that the DNA methylation of the first lab-reared generation was more similar to the source river
population than two lake populations. These results suggest that the adaptive variation in shell shape is
the result of a direct environmental response that persists across generations as does epigenetic
variation.
Keywords: epigenetics, phenotypic plasticity, adaptation, asexuals, snails
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4. Evolution and dynamics of clonal
genomes in marine populations
Session organizers:
Ricardo Pereyra, University of Gothenburg.
Kerstin Johannesson, University of Gothenburg.
Marina Rafajlovic, University of Gothenburg.
Contact E-mail: ricardo.pereyra@marine.gu.se

In the debate of the benefits of sex, questions about the longevity of asexuals
arise. How do asexual genomes survive? No asexual individual will be free of
harmful mutations, unless the population it belongs to is very large. Therefore, it
is expected that the mean fitness of an asexual population will decrease in time
and should eventually become extinct. However, despite these arguments,
asexual lineages of numerous taxa persist, and some even with rather ancient
lineages.
The advances of molecular technologies have improved our ability to detect
mutational changes and open up the possibility to quantify the genetic variability
in asexual populations at high inter- and intraclonal resolution. Recent molecular
studies have emphasized the levels of intraclonal genetic variation, the vast
majority in unicellular organisms with a handful of multicellular ones.
In this session, we seek to bring together research that improves our
understanding on the evolution of clonal genomes, clonal population dynamics
and their adaptive potential in multicellular organisms. Contributions that
examine intraclonal genetic variation and interclonal evolutionary history in
marine/aquatic natural populations are particularly encouraged.
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Empirical test of the theoretically expected interplay between partial clonality and the genetic
composition of natural populations, based on 165 meadows of four, increasingly long-lived,
seagrass species.

Sophie Arnaud-Haond (1), Diane Bailleul (1) & Solenn Stoeckel (2)
(1) Ifremer-MARBEC, Boulevard Jean Monet, 34200 SETE, France; (2) INRA-Le Rheu, Rennes,
FRANCE
Presenter contact details: sarnaud@ifremer.fr, Phone: +33 (0)4 99 57 32 61

Partial asexuality has a strong effect on the rate of different genotypes encountered in natural
populations, but its effect on the distribution and dynamics of genetic polymorphism remains
unclear. It has long been considered as having low incidence on the genetic composition of
natural populations, with similar expectations for sexual and partially clonal populations at
equilibrium, except for those populations or lineages that would rely on an extreme rate of
asexual reproduction. In those last cases only, a stronger variance and an excess of heterozygote
were predicted due to heterozygote fixation or accumulation of mutations within lineages (the so
called “Meselson effect”). Recent mathematical development and simulations however
demonstrated that reaching such equilibrium is not trivial for partial asexual. As a result,
heterozygote excess are expected in asexual populations, even with modest rate of clonality. As
longevity (thus generation time) and clonal rate increase, departure from equilibrium are thus
expected to be larger and to occur more frequently. Here we tested this theoretical expectation
on 165 meadows of four seagrass species, all growing through rhizomatic elongation, but
exhibiting contrasted life span and expected rate of asexual reproduction. This metaanalysis
allowed a nested validation of the initial hypothesis at two scale: 1) at the species scales, the
increasing species longevity and increasing average rate of clonality were accompanied by an
increasing departure from HWE toward heterozygote excess, and interestingly, 2) this pattern
was also clear among meadows within each species, with the most clonal ones also exhibiting
stronger departure to HWE toward negative FIS values. These empirical results demonstrate
empirically the theoretical expectations derived from recent modelling approaches, and
underline the potential influence of clonality on the distribution and dynamics of genetic
polymorphism, and thus on evolutionary trajectory of partial asexuals.
Keywords: seagrass, heterozygote excess, clone

36

Epigenetic variation in seagrass clones - key to success without epigenetic
variation?
A. Jueterbock (1), C. Boström (2), T.B.H. Reusch (3), J.L. Olsen (4), I. Smolina (1), M. Kopp
(1), A. Dhanasiri (1), S. Arnaud-Haond (5), G. Hoarau (1)
(1) Faculty of Biosciences and Aquaculture, Nord University, Universitetsalleen 11, 8026 Bodø,
Norway; (2) Department of Biosciences, Environmental and Marine Biology, Åbo Akademi
University, Artillerigatan 6 FI-20520 Åbo, Finland; (3) GEOMAR Helmholtz-Centre for Ocean
Research Kiel, Evolutionary Ecology of Marine Fishes, Düsternbrooker Weg 20, D-24105 Kiel,
Germany; (4) Ecological Genetics-Genomics Group, Groningen Institute of Evolutionary Life
Sciences, University of Groningen, 9747 AG Groningen, The Netherlands; (5) Ifremer, Station de Sète,
Avenue Jean Monnet, CS 30171, 34203 Sète Cedex, France

Presenter contact details: Galice.g.hoarau@nord.no, Phone: +47 46623592
Recent studies demonstrate the ecological and evolutionary potential of epigenetic variation in
terrestrial plants. Epigenetic stress responses can mediate phenotypic changes that are partly heritable
and, thus, provide an accelerated pathway for evolutionary change. In marine systems, epigenome
research is lagging far behind.
Our study focuses on the seagrass Zostera marina, an ecologically important macrophyte along North
Atlantic shores. Evolutionary success of clonal meadows with extremely low genetic diversity
challenge the hypothesis of a straightforward relationship between genetic diversity and adaptive
potential. We aim at testing the hypothesis that epigenetic variation is the key to this paradox. Our
main objectives are to describe the spatial pattern of epigenetic variation in a >1000-years-old clonal
meadow and to identify the role of this variation in heat-stress performance.
We sampled 60 shoots along a transect of >250 meters from a meadow in the Baltic Sea. The shoots
were grouped into multilocus genotypes based on 7 microsatellites. We screened for variation in
cytosine methylation between shoots using MethylRAD sequencing. In addition, 20 shoots were
exposed to heat stress, and screened for photosynthetic performance and stress-induced methylation
changes; leaves were sampled at 15°C (control), after 3 weeks of stress at 27°C, and after 5 more
weeks of recovery at 15°C.
This study shows for the first time that seagrass shoots differ epigenetically, while being
genetically identical. This variation did not show any significant relationship with either the
shore distance or the geographic distance between shoots. However, we hypothesise that this
variation creates evolutionary trait variation that could partly compensate the lack of genetic
variation. The correlation between epigenetic variation and heat-stress performance is the first
step to estimate the functional relevance of epigenetic variation under ocean warming in this
marine foundation species.
Keywords: seagrass, epigenetic, clone
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What’s in a clone? That which we call a clone, by any other genotype, would
be as a clone?
Ricardo Pereyra (1), Kerstin Johannesson (1)
(1) Department of Marine Sciences-Tjärnö, University of Gothenburg, 45296, Strömstad, Sweden;
Presenter contact details: ricardo.pereyra@marine.gu.se, Phone: +46 31 7869617.
Estimating the extent of clonality in natural populations is challenging, always with
consequences in the estimation of genetic diversity. It is crucial to distinguish between genotypes
that have arisen from different sexual events from those as a product of clonal reproduction. In
organisms with mixed sexual and asexual reproduction, it is also important to distinguish
genotypes arisen from sexual recombination and those from somatic mutations (often called
multi-locus lineages). The power to distinguish these in nature depends on many factors, though
largely on the sampling design and choice of DNA markers. Once detected individual clones,
however, the question is, how identical genome-wide are two individuals putatively from the
same clone? In pure asexuals, there might be no change in the genome over time, this also known
as ‘frozen genome’. However, this seems to be exceptional more than the rule. In contrast, it has
been documented largely in prokaryotes the intraclonal variation over time, but few studies have
addressed this issue in natural populations of eukaryotic organisms. Here, we screened for
genome-wide intraclonal variation in the brown seaweed Fucus radicans using 2b-RAD markers
at several geographic scales. Our results using 12,652 loci show significant intraclonal variation
within populations and among geographic localities in widely distributed clones. Furthermore,
previous studies usually report this variation based on anonymous markers. Here, we identify
individual loci varying across clones and mapped them to the F. vesiculosus draft genome. We
discuss the implications for clonal evolution, genome maintenance and consequences for the
persistence of natural populations.
Keywords: brown algae, Fucus, intraclonal genetic variation, clonal evolution, genome maintenance
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5. Host-Microbe Coevolution in the Sea
Session organizers:
Tony Wilson, City University of New York.
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Metagenomic surveys have documented marked spatial heterogeneity in the
distribution of aquatic microbes, revealing a previously unknown and spatially
dynamic microbial landscape. Spatial heterogeneity in marine microbial communities
can influence the genetic diversity and population structure of their hosts, an effect
that is expected to be especially pronounced at immune loci involved in microbial
recognition.
While high-throughput sequencing has become a powerful tool for the quantification
of cryptic biodiversity, the overwhelming majority of marine microbes can still not be
readily cultured, complicating efforts to move beyond association studies to
understand the underlying processes regulating host-microbe interactions.
Our session will bring together researchers working at the forefront of marine
metagenomics, microbiology, and the experimental analysis of host-microbe
interactions to discuss strategies for the functional analysis of host-microbe
associations in marine environments, and their implications for understanding aquatic
biodiversity and evolution.
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Temperature-driven structure and activity of the global ocean microbiome
Shinichi Sunagawa (1), Guillem Salazar (1), Tara Oceans consortium
(1) Department of Biology, Institute of Microbiology, ETH Zurich, Vladimir-Prelog-Weg 1-5/10, CH8093 Zurich, Switzerland.
Presenter contact details: ssunagawa@ethz.ch, Phone: +41 44 633 61 55
Marine microbes cope with a variety of environmental gradients that may impact their global
distribution and their metabolic state. Previous studies have shown that the distribution and structure of
microbial communities in low and mid latitudes are largely governed by temperature. Temperature is
thus one of the major environmental factors that marine microbes will need to respond to. Given that
the rate of seawater temperature change is particularly high in polar regions, a better understanding of
microbial responses to temperature change is crucial. Here we analyze a dataset composed of 367
epipelagic and mesopelagic metagenomes and metatranscriptomes from the Tara Oceans Expedition
(2009-2013). Sample collection sites are distributed across all main oceanic regions, covering a 143°
latitudinal range, and includes a focused sampling effort from a circumnavigation of the Arctic Ocean.
We describe a universal relationship between seawater temperature and the structure of microbial
communities, which is consistent across the entire temperature gradient (-1.6 to 30.6º C) and sampled
depths (5 - 2000 m). We combine these data with metatranscriptomic information to determine the
relative contributions of ecological turnover and acclimatization across the global ocean. The results
are expected to help us predict how microbial communities will respond to the impact of climate
change.
Keywords: ocean microbiome, multi-omics, Tara Oceans, eco-systems biology
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Deepwater coral-associated microbial communities in the Gulf of Mexico are
species-specific and include sulfur-oxidizing taxa
Iliana Baums (1), Vohsen S (1), Fisher C (1)
(1) Pennsylvania State University
Presenter contact details: baums@psu.edu, Phone: +1 814 321 3593.
Deep-sea coral communities occur throughout the Northern Gulf of Mexico including near cold seeps
that release oil, gas, and hydrogen sulfide. This chemical environment may shape the microbial
community associated with corals. Similar to their role in shallow water corals, microbes may provide
specific functions to deep water corals ranging from disease resistance to nitrogen cycling.
Understanding this role is particularly important for coral communities that were acutely impacted by
the Deepwater Horizon oil spill. To characterize the deep-sea coral-associated microbial community in
relation to active seepage, we collected over 12 species of corals and sediment from across the
Northern Gulf of Mexico for 16S tag sequencing. Among the corals sampled were Callogorgia delta
growing near and far from active seepage. Microbial communities were coral specific and differed
from the sediment. Many related microbes were shared among coral species including taxa in the
genera Endozoicomonas and Alteromonas. Close relatives of two sulfide-oxidizing symbionts of
Bathymodiolus spp. were found associated with corals from lease blocks with active seepage: members
of a large symbiotic clade of SUP05 were abundant in three species and epsilon-proteobacteria within a
newly described family of mussel epibionts were found in two species. In addition, C. delta was
dominated by an unknown bacterium that may represent a new family related to Mycoplasma.
Fluorescence in situ microscopy of C. delta revealed aggregates of multiple bacteria within the tissue.
Specific microscopy probes were developed to determine which bacterial taxa are present in these
aggregates. Finally, sequencing of metagenomes and metatranscriptomes of paired C. delta, water and
sediment is underway to determine the effect of seepage on microbial community composition and
gene expression. These data suggest that microbes may play an important role in deep-sea coral
physiology and may interact with seep chemistry.
Keywords: coral, microbe, deep-sea, sulfur-oxidizing, symbiosis
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Seasonal dynamics of host-microbe interactions in a Baltic estuary
K. Emily Knott (1), Anna-Lotta Hiillos (1), Anne Thonig (1), Houyi Su (1)
(1) University of Jyväskylä, Department of Biological and Environmental Science, PO Box 35, 40014
University of Jyväskylä, Finland
Presenter contact details: emily.knott@jyu.fi, Phone: +358 40 805 3891
We investigated the dynamics of infection of the polychaete worm Pygospio elegans by the gregarine
Selenidium sp. (Apicomplexa), a commonly encountered intestinal parasite observed in the polychaete
host. Even though infection rates can be significant (up to 100% infection in some populations), the
effects of marine gregarines on their hosts are assumed to be minimal, and there is little known about
whether marine gregarines affect host fitness. We used a droplet digital PCR assay to quantify parasite
load from DNA extracts of whole worms (mixtures of host and parasite DNA) collected from four sites
in the Danish Isefjord-Roskilde Fjord estuary at four times over one year (March, May, August and
November). We then related infection levels in the different populations with environmental variables,
host density and developmental mode variation observed in the populations and study sites. The
proportion of infected worms varied by population and season, with a sharp increase in infected worms
in fall in at least one study site, whereas other sites had a more temporally stable proportion of infected
individuals. In spring, when females are more likely to be producing benthic larvae, the females had a
higher infection rate than did non-reproductive individuals. In fall, when females are more likely to be
producing planktonic larvae, parasite load was higher than in spring, even when the proportion of
infected individuals was stable in the population. Because the multiple types of larval development
exhibited by P. elegans are related to nutritional provisioning by mothers, high parasite load and
competition between the host and parasite for nutritional resources, could contribute to developmental
polymorphism in this species. However, a direct link between host-microbe interaction and nutritional
provisioning needs to be determined.
Keywords: polychaete, Apicomplexa, marine gregarine, parasite load, ddPCR
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Life on the edge (of the sea): Microbiome of the wrackbed environment
Emma Berdan (1), Mats Töpel (2), Ricardo Pererya (3), Maren Wellenreuther (4), Carl André
(5), Roger Butlin (6), and Kerstin Johannesson (7)
(1) Department of Marine Sciences, University of Gothenburg; (2) Department of Marine Sciences,
University of Gothenburg; (3) Department of Marine Sciences, University of Gothenburg; (4) The New
Zealand Institute for Plant & Food Research Limited; (5) Department of Marine Sciences, University
of Gothenburg; (6) Department of Marine Sciences, University of Gothenburg and Department of
Animal and Plant Sciences, University of Sheffield; (7) Department of Marine Sciences, University of
Gothenburg
Presenter contact details: emma.berdan@gu.se, Phone: +46 76618 3672.
Beaches are vital ecosystems teeming with life. While most beaches lack primary production, a
biodiverse and complex community exists within accumulations of decomposing seaweed (i.e.
wrackbeds). Wrackbeds are a vital link in a complex food chain that bridges marine and terrestrial
environments. They are responsible for the transfer of nutrients and secondary production to higher
trophic levels such as seabirds as well as the leaching of nutrients back into the sea. However, little is
known about the microbiome of the wrackbed, how it varies across environments and how it
contributes to the food web. Here we sequence the microbiomes of multiple wrackbeds five
populations across the environmental cline from the North Sea to the Baltic. We find that microbiome
composition differs strongly between populations and that a large proportion of this variation can be
explained by differences in salinity. Alpha diversity decreases as salinity decreases. We also sequenced
the guts of seaweed fly (Coelopa frigida) larvae from the same 5 populations. Coelopa frigida is one of
the primary consumers of the wrackbed microbiome and an important part of the wrackbed ecosystem.
We found the gut microbiomes to be significantly more variable than the wrackbed itself and to contain
a large proportion of OTUs not found in the wrackbed. We discuss these results and their implications.
Keywords: wrackbed, cline, adaptation
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Investigating the skin microbiome from host (killer whale) shotgun sequencing
data
Rebecca Hooper (1), Jaelle Brealey (1), Tom van der Valk (1), Antton Alberdi (2), John W.
Durban (3), Holly Fearnbach (4), Kelly M. Robertson (3), Robin W. Baird (5), M. Bradley
Hanson (6), Paul Wade (7), M. Thomas P. Gilbert (2), Phillip A. Morin (3), Jochen B.W. Wolf
(8,9), Andrew D. Foote (10), Katerina Guschanski (1)
(1) Animal Ecology, Department of Ecology and Genetics, Evolutionary Biology Centre, Uppsala
University, Norbyvägen 18D, 752 36, Uppsala, Sweden; (2) Centre for GeoGenetics, Natural History
Museum of Denmark, University of Copenhagen, Øster Volgade 5-7, Copenhagen K 1350,
Denmark; (3) NOAA Fisheries, Southwest Fisheries Science Center, 8901 La Jolla Shores Drive, La
Jolla, California 92037, U.S.A; (4) SR3, SeaLife Response, Rehabilitation, and Research P.O. Box
1404 Mukilteo, WA 98275, USA; (5) Cascadia Research, 4th Avenue, Olympia, Washington 98501,
USA; (6) Northwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic
and Atmospheric Administration, 2725 Montlake Boulevard East, Seattle, Washington 98112, USA;
(7) National Marine Mammal Laboratory, Alaska Fisheries Science Center, National Marine Fisheries
Service, National Oceanic and Atmospheric Administration, 7600 Sand Point Way NE, Seattle,
Washington 98115, USA; (8) Department of Evolutionary Biology, Evolutionary Biology Centre,
Uppsala University, Norbyvägen 18D, Uppsala SE-752 36, Sweden; (9) Section of Evolutionary
Biology, Department of Biology II, Ludwig Maximilian University of Munich, Großhaderner Strasse 2,
Planegg-Martinsried 82152, Germany; (10) Molecular Ecology and Fisheries Genetics Laboratory,
School of Biological Sciences, Bangor University, Bangor, Gwynedd, LL57 2UW, UK.
Presenter contact details: FooteAD@gmail.com, Phone: +44 7486001944.
Recent studies have revealed a connection between many aspects of host’s biology and host-associated
microbial organisms. Whilst, such investigations have most commonly adopted a metagenomic
barcoding approach to characterise the microbiome, the increasing numbers of published whole
genome datasets generated by shotgun sequencing are a promising source of microbiome data yet to be
exploited. In this study, we explored the ability to characterise the skin microbiome of killer whales,
and to identify variation in the microbiome due to social and geographic factors. From a shotgun
sequencing study which generated 2,577 million reads mapping to the 2.4 Gbp killer whale reference
genome, we were able to assign 2.4 million unmapped reads to 846 microbial taxa. However, read
counts per individual whale were often low for most taxa, making analyses of the data highly
susceptible to bias from contamination. We identify several sources of contamination: leakage within,
and to a lesser extent, between sequencing lanes; common lab contaminants introduced into libraries
prior to sequencing; and mis-incorporation of phi X into bacterial reference genomes and ligation of
leaked indexes to phi X during shotgun sequencing. Nonetheless, our filtered data suggest that both
ecotypic and geographic factors play a role in influencing community composition of killer whale skin.
Furthermore, key species have been identified in driving community composition of the microbiome.
These key species are embedded in unique species networks, one of which is tentatively linked to
diatom presence and poor skin condition. These results further add to the hypothesis that the episodic
migrations of Antarctic killer whales to warmer waters are associated with skin turnover, and may
reduce deleterious microbes such as T. dicentrarchi. Our study demonstrates the feasibility of
opportunistic microbiome studies from host shotgun data and highlights the importance of
metagenomics in understanding the relationship between host and microbiome ecology.
Keywords: microbiome, diatom, host, shotgun sequencing
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Parallel evolution of symbiotic life style in oyster - Vibrio interactions
K. Mathias Wegner (1), C.C. Wendling (2), U. John (3), F. Le Roux (4)
(1) AWI Alfred-Wegener-Institute Helmholtz Centre for Polar and Marine Research, Coastal Ecology,
AWI Waddensea Station Sylt, Hafenstrasse 43, 25992 List, Germany; (2) GEOMAR Helmholtz Centre
for Ocean Science, Evolutionary Ecology of Marine Fishes, Düsternbroker Weg 20, 24105 Kiel,
Germany; (3) AWI Alfred-Wegener-Institute Helmholtz Centre for Polar and Marine Research,
Chemical Ecology, Am Handelshafen 12, 27515 Bremerhaven, Germany; (4) Ifremer, Unité
Physiologie Fonctionnelle des Organismes Marins, ZI de la Pointe du Diable, CS 10070, F-29280
Plouzané, France
Presenter contact details: mathias.wegner@awi.de, Phone: +49 4651 956 4202.
Marine invertebrates are colonized by a plethora of microbes - some of which are benevelant
(mutualist), while others can turn out to be detrimental (pathogen) depending on environmental
conditions. Bacteria of the genus Vibrio colonizing marine bivalves like oysters are a prime example
for adapting such different symbiont strategies. For one, the hemolymph of oysters shows a strong
enrichment of diverse Vibrio strains, but oysters are also subject to recurrent disease episodes caused
by shifts of these Vibrio populations to dominance of pathogenic strains. Here, we can show that
Vibrio colonization is dependent on other components of the hosts microbiome. Despite of this larger
microbiome perspective, we can identify decisive genetic factors differentiating virulence profiles of
only distantly related Vibrio strains on different oyster host populations and show that these strains
responded to similar selection pressures. Gene knock-outs further demonstrated that these genes are
utilized both by host resistance/tolerance evolution but also function as colonization factors enabling
Vibrios to grow in the hemolymph environment of their local host population.
Keywords: host-parasite coevolution, emerging disease, host-associated microbiota
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Isolating a mechanism for microbial-host local adaptation.
Jimiane L. Ashe (1), Tony B. Wilson (2)
(1) CUNY Graduate Center and CUNY Brooklyn College; (2) CUNY Brooklyn College
Presenter contact details: JAshe@brooklyn.cuny.edu, Phone: +1-206-550-5762.
Host-microbe interactions are an underappreciated driver of local adaptation in wild populations. My
studies will elucidate an underlying mechanism of local adaptation at the major histocompatibility class
II locus (MHIIαβ) by testing the fitness consequences of host-microbe associations in the marine
species, Hippocampus abdominalis (the pot-bellied seahorse). My previous doctoral research on 174
wild H. abdominalis across its geographic range (New Zealand and southeastern Australia including
Tasmania) detected clear differences in the patterns of neutral and functionally important immune
variation in this system, with high levels of MHIIαβ variability at the population level. Global Analysis
of Molecular Variance (AMOVA) of the neutral mitochondrial control region (mtCR; FST=0.667
p<0.00001) found the majority of variation between Australia and New Zealand (55%), 11% variation
within each region, and 34% variation at the local population level, while the largest proportion of
MHIIαβ variation (FST=0.238 p<0.00001) was found at the population level (76%) with between- and
within-region variation significantly lower (13% and 11%, respectively). Metagenomic sequencing of
host gut contents revealed microbial compositions consistent with predicted OTUs for urban,
agricultural and pristine nearshore environments. Human-associated Vibrionaceae had the highest
relative abundance (19.3%) in the guts of seahorses recovered from urban environments, livestockassociated Prevotellaceae were most abundant (57.3%) in seahorses collected from sites impacted by
agriculture, and plant-/soil-associated Rhodobacteraceae were most abundant (18.9%) in seahorses
collected from sites not impacted by human activities. Laboratory trials will be completed by May
2018 testing patterns analyzed from field data in a controlled setting challenging individuals of known
MHIIαβ immunotypes with novel and familiar microbes to measure investment in growth and survival
using an experimental protocol that reflects natural pathways of microbial exposure.
Keywords: microbial-host, local adaptation, major histocompatibility, Hippocampus abdominalis
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Intestinal microbiome of two Atlantic cod ecotypes along the Norwegian coast
uncovered by metagenomic shotgun sequencing.
Even Sannes Riiser (1)
(1) Centre for Ecological and Evolutionary Synthesis, Department of Biosciences, University of Oslo,
Norway
Presenter contact details: e.s.riiser@ibv.uio.no, Phone: (+47) 22 85 44 00
High-throughput sequencing of the 16S rRNA is a popular method to study the taxonomical
composition of complex microbial communities. Using such approach, we find that the intestinal
microbiome of two natural populations of coastal Atlantic cod located 470 kilometers apart consist of a
limited number of abundant bacteria. Remarkably, a single Photobacterium OTU constitute about 50%
of the total number of sequences in all samples from both locations. 16S rRNA sequencing, however,
may provide a limited perspective of the underlying biological complexity. Factors such as
amplification bias, lack of taxonomic resolution, and uncertainty in abundance estimations due to copy
number variation of the 16S rRNA gene may all lead to bias. To address this bias, we performed
metagenomic shotgun sequencing of DNA from gut microbes in 76 individuals of Norwegian coastal
cod (NCC) and North-East Arctic cod (NEAC) collected in Sørøya, Lofoten and Averøya. For
comparative purposes, we have also sequenced the gut microbiome of four NCC and 23 other gadoid
and non-gadoid fish species from the Oslo fjord.
Using the metagenomic shotgun sequences, we will first perform a taxonomic profiling of the Atlantic
cod intestinal microbiome, aiming for strain level identification of bacteria (i.e. based on a multitude of
single-copy genes). Second, we aim to assemble the genomes of the most abundant bacteria in the
intestinal microbiome, enabling a more detailed investigation of their genetic makeup. Third, we will
explore the metabolic potential of the intestinal bacterial community of the Atlantic cod through gene
prediction and functional annotation. Finally, statistical analysis and visual representations of
differences within and between locations and ecotypes will contribute to an improved characterization
of the Atlantic cod gut microbiome, simultaneously assessing the utility of amplification based marker
gene versus metagenomic shotgun sequencing approaches.
Keywords: Atlantic cod, intestinal microbiome, metagenomics, high-throughput sequencing
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6. Genomic discoveries from novel
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The last decade is marked by rapidly increasing number of de novo sequenced
genomes, not the least for marine organisms. Virtually each genome project reports
novel features of genome organization and offers new insights in the genomics,
evolution and general biology of the studied organisms. Therefore within the CeMEB
project, large efforts have been devoted to sequence and annotate several marine
genomes.
In this session we want to create a forum for guests and local researchers working
with genomes of various marine organisms, and ask them to tell the stories about their
favorite marine genomes: What was the rationale for choosing their species for
genome sequencing project; a quick look back on the journey from a decision to
sequence a genome to a draft assembly; what were the most exciting findings in the
genome and whether they had been anticipated, and finally, which questions and
technologies will take us to the next steps. Ultimately, in this session we want to
discuss how the rapidly increasing number of available genomes is changing the way
we study evolutionary biology.
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A History of Echinoderm Genome Description
R. Andrew Cameron (1)
(1) Center for Computational Regulatory Genomics, Beckman Institute 139-74, California Institute of
Technology
Presenter contact details: acameron@caltech.edu, Phone: +1 626-201-1939
The purple sea urchin Strongylocentrus purpuratus was the first echinoderm genome to be sequenced.
Materials to support a genome sequencing effort where accumulated starting in the late 1990’s and the
genome assembly including gene annotation was published in 2006. Concurrent with this work, the
first gene regulatory network of sea urchin development was published. In following years additional
versions of the purple sea urchin genome assembly, other echinoderm genome assemblies and
transcriptome data for many species have accumulated. Many are posted at the Echinoderm Genome
Project Website now called Echinobase. This sequence of events affords the opportunity to review the
history of echinoderm genome sequencing and assembly over a period of 20 years. The missteps and
successes recorded during this time are an informative lesson in modern comparative genomics.
Keywords: echinoderm, genome, gene regulatory genome
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A key to success - the extraordinary genomes of Atlantic cod and codfishes
Kjetill S Jakobsen (1)
(1) Centre for Ecological and Evolutionary Synthesis (CEES), University of Oslo, Norway
Presenter contact information: k.s.jakobsen@ibv.uio.no, Phone: +47 22854602
Published in 2011, Atlantic cod (Gadus morhua) was the first marine vertebrate genome to be
sequenced with a pure high throughput sequencing approach. The first version of the genome was
generated with the 454-technology using an array of libraries of different insert lengths. Later, this
rather fragmented first version of the genome assembly has been considerably improved by a
combination of Illumina and long-read PacBio technologies. Despite new sequencing technologies and
improved assemblers, it has proven notoriously difficult to produce Atlantic cod genome assemblies
showing the same level of continuity as seen for most other teleost or vertebrates. However, the
Atlantic cod genome have provided fundamental new insights into the vertebrate immune system dues
to the finding that it lacks the MHC II immune pathway – as shown by our sequencing of a large
number of teleost species, this is a trait Atlantic cod shares with all Gadiformes (codfishes). Further,
the copy numbers of MHC I genes in Atlantic cod and most codfishes are heavily expanded – possibly
a compensatory mechanism for the lack of MHC II. Our findings suggest that the loss of MHC II (at
the root of Gadiformes, around 100 Mya) and the subsequent evolutionary innovations (also involving
the innate immune system) spurred evolutionary success for codfishes in terms of rapid net speciation.
Still, there are other architectural and dynamic properties of the Atlantic cod genome that may have
had a strong impact on its evolutionary success. These include extraordinary high frequencies of simple
tandem repeats (including tri-nucleotide repeats within genes) and large chromosomal inversions
defining certain ecotypes. The frequency of simple tandem repeats is a shared feature of codfish
genome architecture. The implications of the extraordinary features of Atlantic cod and codfish
genomes will be discussed.
Keywords: Atlantic cod, genome architecture, PacBio, major histocompatibility complex, simple
tandem repeats
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Elasmobranch shark genome analysis enabled by chromosome-scale
scaffolding
Shigehiro Kuraku (1), Kazuaki Yamaguchi (1), Osamu Nishimura (1), Yuichiro Hara (1),
and Mitsutaka Kadota (1)
(1) Phyloinformatics Unit, RIKEN in Kobe, Japan
Presenter contact information: shigehiro.kuraku@riken.jp, Phone: +81-(0)48-462-1111
Modern sharks, as well as rays and skates, are classified into elasmobranchs, and they are the
majority of chondrichthyan fishes (cartilaginous fishes). Although the whole genome of a
chimaera, Callorhinchus milii, in the minor chondrichthyan lineage was sequenced earlier, no
equivalent resource has been established for elasmobranchs. In order to explore the origin and
subsequent diversification of various morphological and physiological characters at the
molecular level, we have sequenced and analyzed the whole genomes of three galeomorph shark
species, namely the brownbanded bamboo shark Chiloscyllium punctatum, the whale shark
Rhincodon typus, and the cloudy catshark Scyliorhinus torazame. In particular, we explored
available solutions for the rising proximity-guided assembly based on chromatin contact
information obtained through the Hi-C method. This provided chromosome-scale assemblies for
their large genomes exceeding 4 Gbp. In this presentation, technical factors that influence the
continuity and completeness of de novo genome assemblies will be presented, in addition to the
products of our shark genome analysis.
Keywords: Shark, genome assembly, chromatin

51

The Ectocarpus genome and the evolution of life-cycle-related
developmental processes
J. Mark Cock (1), Alok Arun (1), Olivier Godfroy (1), Delphine Scornet (1), Simon
Bourdareau (1), Akira F. Peters (1) and Susana M. Coelho (1)
(1) Algal Genetics Group, UMR 8227 CNRS-UPMC, Station Biologique de Roscoff, Place Georges
Teissier, CS 90074, 29688 Roscoff, France
Presenter contact details: cock@sb-roscoff.fr, Phone: +33 (0) 2 98 29 23 60
The brown algae, which are members of the supergroup chromalveolata, are very distantly
related both to animals and to green plants. This group of seaweeds evolved complex
multicellularity independently of the plants and animals and is one of only a small number of
eukaryotic groups that has acquired this level of developmental complexity. Several years ago we
proposed Ectocarpus as a genetic model for this group of organisms and we are using this model
system to investigate the molecular mechanisms underlying multicellular developmental in
brown algae, with a particular focus on life-cycle-related questions.
The life cycle of Ectocarpus involves an alternation between two independent
multicellular organisms, the sporophyte and the gametophyte. We have shown that the identities
of the two generations are not determined by ploidy, but rather are determined genetically.
Several life cycle mutants are currently being studied, including the ouroboros and samasara
mutants, which exhibit complete conversion of the sporophyte generation into a gametophyte.
The ouroboros and samsara mutations not only identify key developmental regulators in
Ectocarpus but also represent a new class of homeotic mutant in which there is a switch between
developmental programs at the level of the whole organism rather than at the organ or tissue
level. Characterisation of Ectocarpus life cycle mutants at the molecular level is providing
insights into how multicellular development programs may have been built on to pre-existing
regulatory networks controlling life cycle progression during eukaryotic evolution.
Keywords: brown algae, mutant strains, genome, life cycle
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CRISPR-Cas and Homologous recombination: tools to identify the molecular
mechanisms underpinning adaptation and evolutionary response in diatoms.
Amanda Hopes(1), Nigel Belshaw (1), Irina Grouneva1 (1) & Thomas Mock(1)
(1) School of Environmental Sciences, University of East Anglia, Norwich UK.
Presenter contact details: a.hopes@uea.ac.uk, Phone +44 1603 592982
The diatom Fragilariopsis cylindrus is in an important primary producer in polar waters and sea-ice.
The recent publication of the F. cylindrus genome has highlighted several potential mechanisms and
genes which allow this species to thrive in extreme conditions. This includes the discovery of a large
number (25%) of diverged alleles under neutral and diversifying selection, many of which show
differential expression under a range of polar conditions. In order to identify molecular mechanisms
underpinning adaptation of diatoms, several tools have been developed to investigate the function and
impact of specific genes and sequences. A transformation system for F. cylindrus is now available
making this the first genetically tractable psychrophilic eukaryote. Furthermore CRISPR-Cas and
homologous recombination (HR) have been developed for the temperate diatom Thalassiosira
pseudonana, to knock-out and replace genes/ sequences of interest, respectively. These methods are
currently being adapted to F. cylindrus to allow key genes, alleles and splice variants associated with
adaptation to the polar environment to be investigated. We use the flexible Golden-gate cloning system
to produce constructs for knock-out and substitution. A two sgRNA approach is utilised to induce a
precise deletion – this produces a high percentage of bi-allelic mutations (up to 61.5%) in clones
containing the Cas9 nuclease and allows gene editing to be easily screened. HR also appears to be
highly efficient in T. pseudonana, with up to 85% of clones displaying HR when substituting a gene
with a selective cassette. These molecular tools are important to understand how environmentally
significant species such as T. pseudonana and F. cylindrus function on a genomic level, including how
they respond and adapt to different conditions. This is especially relevant when considering that many
of these species, including F. cylindrus inhabit regions such as the Arctic which are showing rapid
changes due to climate change.
Keywords: Diatom, Polar diatoms, CRISPR-Cas, Homologous recombination, Molecular tools
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Similarities and differences between genomes of temperate and tropical corals
Kathryn H. Stankiewicz (1), Sheila A. Kitchen (1), Meghann K. Devlin-Durante (1), Astrangia
Genome Consortium (2), Iliana B. Baums (1)
(1) Department of Biology, Pennsylvania State University, (2) Sean Grace, Randi Rotjan, Koty Sharp,
Hollie Putnam, Sarah Davies, Katie Barott, John Finnerty, Leslie Kaufman
Presenter contact details: baums@psu.edu, Phone: +1 814 321 3593.
Reef-building corals are threatened by local and global stressors. In the Caribbean, the sympatric corals
Acropora palmata and A. cervicornis are restricted to a narrow thermal range and their populations
have been declining over the last several decades as seawater temperatures continue to increase. While
tropical corals exist within a narrow temperature range, the coral Astrangia poculata extends over
much of the US Atlantic coast from the Gulf of Mexico to southern Massachusetts and survives
temperatures of 0° – 30° C. We compared draft genome assemblies and genetic linkage maps from
these three coral species to describe genome architecture and identify a “core” coral genome. This
approach elucidated species-specific and geographic variation in the coral genomes that may underlie
temperature adaptation in these important ecosystem foundation species.
Keywords: coral, genome, linkage maps, temperate, tropical
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7. Adaptation and Phenotypic Plasticity
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Global Change
Session organizers:
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Moises Bernal, King Abdullah University of Science and Technology.
Contact E-mail: celia.schunter@kaust.edu.sa

Anthropogenic activities are causing the global climate to change at an unprecedented
rate. A plethora of studies have suggested that anomalies in ocean temperature can
result in severe drawbacks to the ecology and behaviour of marine species. Further, an
increase in concentration of atmospheric CO2 will lead to the disruption of key
processes such as calcification, development during larval stages and predator and
prey recognition.
Most of these studies, however, do not take into account the capacity of marine
organisms to acclimate and adapt. Environmental conditions similar to the ones
predicted for the near future occur naturally in fractions of a species’ distribution.
Recent studies have highlighted the genetic mechanism by which these populations
have adapted locally to these exceptional environments. Further, due to standing
genetic variation within populations, a subset of individuals can be more resistant to
predicted conditions, aiding in their future persistence. Meanwhile, plastic responses
that organisms may express under various conditions have been suggested as a
mechanism that could enable acclimation and can be passed on across generations.
This session will address the interplay of both mechanisms of genetic adaptation and
phenotypic plasticity and their role in long-term adaptation of marine organisms to
changing environments. The goal is to assemble cross-disciplinary studies from a
variety of taxa and biological scales, which is imperative to understand the fate of
marine ecosystems in the upcoming decades.
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Coping with ocean climate change: transgenerational plasticity, bet-hedging and
cryptic genetic variation in marine stickleback
Lisa N.S. Shama (1), Felix C. Mark (1), Anneli Strobel (1,2), Ana Lokmer (1), Uwe John (1),
and K. Mathias Wegner (1)
(1) Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung, Germany; (2) Man
Society Environment (MGU), Department of Environmental Sciences, University of Basel, Switzerland
Presenter contact details: lisa.shama@awi.de, Phone: +49 4651 9564204.
Increasing climate variability is predicted to pose an even greater risk to species than climate warming.
Using a series of common garden experiments, the influence of directional warming and increasing
climate variability on marine stickleback phenotypic variation was investigated by simulating changes
to the mean and variance of ocean temperatures. The roles of (epi)genetic variation, transgenerational
and within-generation plasticity, and bet-hedging in adaptive potential were assessed. Exposure to
directional warming (21°C) had detrimental effects on growth compared to ambient (17°C) conditions.
Yet, when mothers were acclimated to 21°C, offspring reached larger sizes at 21°C as a result of
transgenerational plasticity in response to predictable environmental cues of future environments, with
optimised gene expression (transcriptomes) inherited from mothers underlying transgenerational
benefits. However, when parents were acclimated to fluctuating environments (predictably variable or
stochastic), mothers used bet hedging strategies to cope with future environment uncertainty. In
stochastically variable environments, offspring phenotypes were mostly influenced by withingeneration plasticity and not transgenerational effects, and release of cryptic genetic variation for
offspring size suggests hidden evolutionary potential to respond to changes in environmental
predictability. Taken together, marine stickleback employ multiple adaptive strategies both within and
across generations to cope with ocean warming and increasing climate variability.
Keywords: transgenerational plasticity; bet hedging; cryptic genetic variation; environmental
predictability; climate change
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Genetic variation and phenotypic plasticity in the response to ocean
acidification
Celia Schunter (1), Megan Welch (2), Goran E. Nilsson (3), Jodie Rummer (2), Philip
Munday (2), Timothy Ravasi (1)
(1) King Abdullah University of Science and Technology, Saudi Arabia; (2) ARC Centre of Coral Reef
Studies, Townsville, Australia, (3) Oslo University, Norway
Presenter contact details: celiaschunter@gmail.com, Phone: (+966)546258894
The impacts of ocean acidification will depend on the ability of marine organisms to tolerate,
acclimate and eventually adapt to changes in ocean chemistry. We performed a unique
transgenerational experiment to determine the molecular response of a coral reef fish to short -term,
developmental and transgenerational exposure to near future elevated CO 2. This aids in teasing
apart plastic responses due to developmental plasticity and reveals within-generation specific
reactions to be driven by epigenetic regulators. Importantly, we find that altered gene expression
for the majority of within-generation responses returns to baseline levels following parental
exposure to elevated CO 2 conditions. However, gene expression involved in glucose homeostasis
remains uncompensated across generations. Furthermore, we included different parental
phenotypes measured by their level of behavioural tolerance to elevated CO 2 and found that
responses of offspring varied largely with parental phenotype. We show that the transgenerational
signal of tolerance is connected to the circadian rhythm and suggests adaptive potential of impaired
behaviours from high CO2 to be due to existing natural variation. Our aim is to further understand this
tolerance to elevated levels of CO2 which will aid in future predictions of resilience and population
persistence in the light of rapidly increasing acidification of the oceans.
Keywords: Ocean acidification, tolerance, phenotypic plasticity, transcriptomics
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Local genetic adaptation and transgenerational plasticity in the broad-nosed
pipefish in relation to Baltic Sea salinity changes
Linda Sartoris (1), Henry Goehlich (1), Olivia Roth (1)
(1) Evolutionary Ecology of Marine Fishes, GEOMAR Helmholtz Centre for Ocean Research Kiel,
Kiel, Germany
Presenter contact details: lsartoris@geomar.de, Phone: +49 437 600 4537
The Baltic Sea is characterized by a natural salinity gradient. As a consequence of climate change, the
salinity in the Baltic Sea is predicted to decrease over the next few decades. This imposes a great
challenge on Baltic marine organisms to cope with a rapidly changing environment. While genetic
adaptation is a process requiring several generations, phenotypic plasticity may permit fast
acclimatisation towards changing environmental conditions. Via transgenerational plasticity (TGP)
parental environmental experience can influence the offspring generation’s phenotype, such as gene
expression, through non-genetic inheritance. We asked whether a shift in salinity triggers TGP in the
broad-nosed pipefish Syngnathus typhle. To answer this question, we exposed individuals from six
wild S. typhle populations from the Baltic Sea to their native salinity (7 PSU and 15 PSU respectively)
or the salinity of the other populations (novel salinity). Upon successful male pregnancy, also the
offspring were exposed to either native or novel salinity conditions, in a fully reciprocal design. This
experimental design allows for investigation of the relation between genetic adaptation (to the
respective native salinity) and TGP in novel environmental conditions. In addition to life-history traits,
we investigated the expression of osmoregulation genes, immune genes and DNA- and histonemodification genes of the F1 generation. We hypothesise that S. typhle wild populations are genetically
adapted to their native salinity, and that the acclimatisation of the parents to a novel salinity buffers the
phenotype of their offspring in the same novel environment due to TGP. Here we provide insight into a
mechanism that might enable marine organisms’ acclimatisation to a rapidly changing environment.
Keywords: adaptation, transgenerational plasticity, gene expression, salinity
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Expression patterns reveal components of transgenerational plasticity in Baltic
three-spined sticklebacks
Jakob Gismann (1,2), Melanie J. Heckwolf (2), Britta S. Meyer (2), Thorsten B. H. Reusch (2)
(1) Johann Wolfgang Goethe-Universität, Frankfurt am Main, Germany; (2) Evolutionary Ecology of
Marine Fishes, GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany
Presenter contact details: jgismann@geomar.de; Phone: +49 (0)431 6004570
In the face of global climate change transgenerational plasticity, might accelerate the emergence of
adaptive phenotypes within short time frames without requiring genetic sequence changes. For all
marine species salinity is a major selection factor, as osmoregulation is costly and distribution patterns
of species and salinity gradients often overlap. Marked declines in salinity are anticipated in the Baltic
Sea due to enhanced freshwater run-off predicted in the coming decades, rendering the Baltic Sea as an
ideal model to study North-Atlantic desalination. As part of a larger project in the EU-BONUS
consortium BAMBI we studied the contribution of transgenerational plasticity to adaptive phenotypes.
To do so, we studied gene expression patterns in Gasterosteus aculeatus following acclimation to
different salinity regimes in a multigenerational common-garden experiment. We performed RT-qPCR
of 32 candidate genes using 252 individuals from three populations, with samplings representative for
within-generational and trans-generational acclimation processes. Target genes were selected upon
previous whole transcriptome and epigenome (DNA-methylation) analysis on a subset of individuals in
the same study. In line with genomic population patterns of local adaptation we find osmoregulatory
candidate genes to be differentially expressed between treatment groups. Metabolic trade-offs due to
high costs of osmoregulation, as indicted by poor conditions of fish exposed to high salinity, were
confirmed by differential expression of genes related to metabolism. By assessing expression patterns
of genes related to epigenetic processes we identified components of non-genetic inheritance
underlying transgenerational plasticity. Our unique experimental design enables us to compare withingenerational acclimation, transgenerational acclimation and locally adapted populations, weighting the
contribution of plasticity and genetic variation to adaptive evolution.
Keywords: gene expression, transgenerational plasticity, adaptation, Gasterosteus aculeatus
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Are parental thermal conditions the defining factor for transgenerational
plasticity in a coral reef fish?
Moisés A. Bernal (1), Jennifer M. Donelson (2), Phillip L. Munday (2), Timothy Ravasi (1)
(1) Integrative Systems Laboratory, Division of Biological and Environmental Sciences & Engineering,
King Abdullah University of Science and Technology, 23955-6900 Thuwal, Kingdom of Saudi Arabia;
(2) ARC Centre of Excellence for Coral Reef Studies, James Cook University, Townsville, Queensland,
4811, Australia
Presenter contact details: bernal.moises@gmail.com; Phone: +966-55403-4460
A growing body of research on a broad range of marine organisms suggests that individuals can
respond better to abnormal environmental conditions when their parents have been exposed to similar
settings. These mechanisms of transgenerational plasticity have received considerable attention in
recent years as they could be particularly influential on the response marine species will have to rising
sea surface temperatures in coming decades. Studies with the coral reef fish Acanthochromis
polyacanthus indicate that metabolic and reproductive compensation to elevated temperatures is
possible when fish lineages are exposed to warm conditions for several generations. However, there is
still a gap in our understanding of these mechanisms, as previous studies have not resolved whether
compensation observed in juveniles is influenced by thermal experience of previous generations,
developmental conditions of juveniles themselves, or a combination of both. In the present study, we
evaluated phenotypic traits and patterns of liver gene expression in third-generation offspring of A.
polyacanthus whose grandparents, parents and themselves had been subject to various combinations of
normal present-day temperatures or warm water conditions (+1.5˚C). If compensation in thirdgeneration juveniles can be attributed to grandparental and parental developmental conditions, it is
possible that abnormal years with elevated temperatures can be beneficial for the conditioning of future
generations. Alternatively, if compensation is observed only when thermal conditions are experienced
consistently across generations, it suggests juveniles require exposure to warm waters to initiate
beneficial plasticity, even when parents provide offspring with a transgenerational acclimation tool-kit.
The results from this long-term study represent a step forward in understanding the molecular
mechanisms that could favor the persistence of coral reef fishes in the face of anthropogenic climate
change.
Keywords: Acclimation, Climate Change, Gene Expression
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From acclimation to adaptation - the role of genetic variation and phenotypic
plasticity
Melanie J. Heckwolf (1)*, Britta S. Meyer (1)*, Christophe Eizaguirre (2), Robert Häsler (3),
Sören Franzenburg (3) and Thorsten B. H. Reusch (1)
* Both authors contributed equally to this work; (1) Evolutionary Ecology of Marine Fishes, GEOMAR
Helmholtz Centre for Ocean Research Kiel, Kiel, Germany; (2) School of Biological and Chemical
Sciences, Queen Mary University of London, London, UK; (3) Institute of Clinical Molecular Biology,
Kiel University, Kiel, Germany
Presenter contact details: mheckwolf@geomar.de, Phone: 0049 431 600 4577
Genetic diversity is a prerequisite for the potential to adapt to climate change. An increasingly
acknowledged mechanism supposedly able to buffer effects of environmental change is
transgenerational plasticity, mediated through non-genetic inheritance. If adaptive phenotypes emerge
rapidly without the prerequisite of DNA sequence based genetic change, such non-genetic inheritance
might provide an accelerated pathway for subsequent adaptive evolution. For most species and
selection regimes, the relative role of genetic variation and plasticity in adaptive evolution is unknown.
We addressed this issue with the fish model species Gasterosteus aculeatus along the salinity gradient
of the Baltic Sea (5->30 psu), in a space-for-time design mimicking the rapid de-salination of the
Baltic. Firstly, we assessed genomic and epigenomic variation, in particular DNA methylation, in
natural populations along the salinity gradient. Specifically, we investigated whether genetic and
epigenetic variation, as one mechanism underlying plasticity, act in conjunction to produce patterns of
local adaptation. We reveal that both levels of variation define population structure. However, we
found little overlap of osmoregulatory candidate genes between genetic and epigenetic diversity,
suggesting that these two patterns of population structure are complementary to each other. Secondly,
we assessed the stability and heritability of population specific DNA methylation and their impact on
the (molecular) phenotype in a multigenerational common garden experiment. We found strong
treatment effects of salinity on reaction norms of many life history traits, consistent with locally
adapted populations. Interestingly, we found that selection significantly influenced offspring reaction
norms, as assessed via simulation of mortality effects. This suggests that both – genetic variation and
phenotypic plasticity - play an important role in responding to rapid environmental shifts. Our
integrative approach provides insights into how phenotypic plasticity – in form of gene expression and
DNA-methylation - interacts with the genome and the environment to promote adaptive potential and
species persistence.
Keywords: Local adaptation, Transgenerational plasticity, Genetic variation, non-genetic inheritance
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Acclimation or adaptation of a marine invertebrate to salinity gradients and
acidification
Christian Pansch (1), Ali Nasrolahi (2), Giannina SI Hattich (1), Jonathan Havenhand (3)
(1) GEOMAR | Helmholtz Centre for Ocean Research Kiel, Kiel, Germany; (2) Shahid Beheshti
University, Tehran, Iran; (3) University of Gothenburg, Tjärnö, Strömstad, Sweden
Presenter contact details: cpansch@geomar.de, Phone: +49 431 600 1599
Global climate models project acidification of the world’s oceans. Regional projections show that local
acidification may be strong, and may interact with additional drivers. Superimposed on these long-term
trends is an increase in environmental variability, particularly in the frequency, intensity and duration
of extreme events. Thus, shifts of means and extremes of environmental factors will influence key
biological processes, drive species’ plasticity and adaptation, and alter structure and functioning of
ecosystems. Within this framework, organisms from more stable environments might be more
vulnerable to future shifts and extremes than organisms from habitats with naturally highly fluctuating
conditions. We investigated the effects of changes in seawater pH and salinity on two populations of
the barnacle Balanus improvisus (all life-history stages up to entire life span), from the western Baltic
Sea (Kiel, Germany) and the Swedish west coast (Tjärnö). Kiel Fjord waters are characterized by
strong seasonal fluctuations in pH, while Tjärnö waters display a more stable pH environment.
Conversely, salinity varies much more strongly in the Tjärnö archipelago. In contrast to the robust Kiel
population, acidification negatively impacted Tjärnö barnacles, and there were no signs of long-term
acclimation. Survivors of long-term acidification were, nevertheless, able to grow in similar rates to
similar sizes as control individuals, although these individuals were not capable of reproducing. Effects
of salinity did not, however, follow the hypothesized pattern: barnacle larval development showed very
broad salinity tolerance norms with a maximum at intermediate salinities. This suggests that salinity
tolerances of larvae from the two different populations reflect salinities in their native habitats, but are
nonetheless suboptimal. Acidification effects were detrimental for the Tjärnö, but not for the Kiel
population. Thus, acidification represents a clear and significant bottleneck in the ontogeny of the
Tjärnö barnacle population that may limit its potential to persist in a future ocean.
Keywords: acclimation, Balanus improvisus, ocean acidification, reproduction, salinity shifts
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Tolerance to climate change of the clonally reproducing Baltic endemic seaweed
Rugiu L. (1), Manninen I. (1), Rothäusler E. (1), Jormalainen V. (1)
(1) Section of Ecology, Department of Biology, University of Turku, FIN-20014, Turku, Finland
Presenter contact details: luca.rugiu@utu.fi, Phone: +358 466295439
Genetic diversity helps species to persist when facing environmental changes by providing the variety
of traits upon which environmental selection works. Despite, clonal species may integrate the low
genotypic difference with other ways to encompass the environmental variability and maintain
phenotypic variation, for instance by phenotypic plasticity. Understanding the relative importance of
genetic diversity and phenotypic plasticity is crucial to understand the species potential to adapt to
environmental changes. In this study, we tested the tolerance of the Baltic endemic seaweed Fucus
radicans to the future combination of hyposalinity and warming projected by climate models for 20702099. With a 140-days indoor manipulative experiment, we compared the growth and survival
performance of replicated haplotypes exposed to present and future salinity/temperature conditions.
Further, we sought for their possible variation in responses among different haplotypes and among
clones within haplotype. F. radicans survival was lower when exposed to future conditions, but the
growth of the survivors was higher in future than in current salinity/temperature. The good tolerance to
the future conditions may suggest that F. radicans is likely to persist in its distributional limit, and its
growth may be enhanced by future environmental changes. The difference in survival rate among
different haplotypes regardless the environmental conditions may indicate that even a low number of
haplotypes is enough to display variance in traits related to tolerance to environmental changes,
possibly related to evolutionary adaptation. Further, the variation in growth among clones within the
same haplotype exposed to future climate conditions indicates that what this clonal species lacks in
terms of genotypic variation may be fulfilled by a high level of phenotypic plasticity. If this is the case,
phenotypic plasticity may be the key to the future success of F. radicans in the northern Baltic Sea.
Keywords: adaptation, clonality, plasticity
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Genomic underpinnings of rapid fisheries-induced evolution
Nina O. Therkildsen (1), Aryn P. Wilder (1), David O. Conover (2), Stephan B. Munch (3),
Hannes Baumann (4), and Stephen R. Palumbi (5)
(1) Department of Natural Resources, Cornell University, Ithaca, NY, USA; (2) University of Oregon,
Eugene, OR, USA; (3) Southwest Fisheries Science Center, National Marine Fisheries Service, NOAA,
Santa Cruz, CA, USA; (4) Department of Marine Sciences, University of Connecticut, Groton, CT,
USA; (5) Department of Biology, Stanford University, Hopkins Marine Station, Pacific Grove, CA,
USA.
Presenter contact details: nt246@cornell.edu, Phone: +1 617-583-0038.
A growing body of evidence suggests that the strong mortality fishing imposes on particular size and
age groups has caused notable changes in heritable life history traits in many exploited fish stocks.
Such rapid evolutionary change is of concern because it may compromise stock productivity and
resilience to overfishing. In wild fish stocks, it is, however, often difficult to fully disentangle genetic
from environmentally induced changes and to distinguish selection caused by fisheries from selection
driven by other factors. To get a basic understanding of how fisheries selection may affect the
exploited populations at the molecular level, we have returned to a seminal experiment that under
highly controlled conditions demonstrated substantial evolution in growth rates and a suite of
correlated traits in response to size-selective fishing over just five generations in the Atlantic silverside
(Menidia menidia). We used low-coverage sequencing to characterize exome-wide patterns of genomic
change underlying these striking phenotypic shifts. The results provide a first look into the genomic
basis for fisheries-induced evolution and shed light on what types of genetic variation and
physiological pathways fisheries-selection acts on, how extensively it impacts the genome through
direct and indirect effects, and how reversible the changes are once fishing stops. These insights should
provide a better understanding of how fisheries-induced selection operates and what signatures we may
expect in affected natural populations.
Keywords: human-induced evolution, rapid adaptation, genomic changes
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Evolution of a key phytoplankton species to anthropogenic stress: evidence from
revived strains accumulated in fjord sediments over the last century
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(7), Kerstin Johannesson (1) and Mats Töpel (1)
(1) Department of Marine Sciences, University of Gothenburg, Sweden; (2)Department of Statistical
Science, University College London, United Kingdom; (3)Department of Mathematical Sciences,
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University of Gothenburg, Sweden; (7) Department of Chemical and Molecular Biology, University of
Gothenburg, Sweden
Presenter contact details: anna.godhe@marine.gu.se, Phone: +46 31 7862709.
We have collected sediment cores from the anoxic deep basin in the eutrophic Mariager Fjord in
Denmark, and isotope dated sediment layers with gamma spectrometry. Dormant resting stages of the
planktonic diatom Skeletonema marinoi were germinated, and revived populations from the years
1930, 1950, 1970 and 2010 were established. The populations were genotyped by resequencing the
genomes. SNP calling was performed for >50 candidate genes involved in nutrient assimilation and
light harvesting pathways. In addition, phenotypic traits were characterized for the populations under
pre- and post-eutrophication conditions. We hypothesised that the recent population would have higher
fitness in high nutrient concentrations and low light compared to the pre-eutrophication population.
The results inferred that evolution has progressed faster during the last 40 years as the pairwise F ST of
SNPs in the functionally annotated genes were significantly higher than the pairwise F ST for the period
1930 to 1970. Moreover, the population revived from 2010 could significantly take better advantage of
the high nutrients and low light and displayed higher fitness during these conditions than the preeutrophication population. Using linear regression, we could associate amino acid changes of SNPs in
the functionally annotated genes with unique population phenotypes exposed in the nutrient and light
manipulated treatment. Furthermore, by following the allele frequency trajectories of the minor alleles
of these SNPs we could determine the historical background of the change, i.e. if the change was
induced by positive or negative selection of an existing allele in the population gene pool or by the
introduction of new alleles. The resurrection ecology approaches open new opportunities for
understanding adaptations imposed by human perturbation during the last century as populations from
the past and present can be germinated and kept side by side in the laboratory to conduct phenotypic
and genotypic investigations to characterise the change.
Keywords: sediments core, diatom, eutrophication, microevolution, whole genome sequencing
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Copper pollution as a driver of inter- and intra-specific selection in diatoms
Björn Andersson (1), Olof Berglund (2), Helena L. Filipsson (3), Karin Rengefors (2),
Anna Godhe (1)
(1) University of Gothenburg, Department of Marine Sciences; (2) Lund University, Department of
Biology; (3) Lund University, Department of Geology
Presenter contact details: bjorn.andersson@marine.gu.se; Phone: +46 317862629.
Phytoplankton have short generation times, flexibility in reproductive strategies, and high genetic
variation. This should facilitate rapid evolution, although genetic structure in natural populations is
challenging to study because blooms are often difficult to predict and monitor through time and space.
We used the sediment seedbank to revive individuals from two ecologically important diatom species,
Skeletonema marinoi and Thalassiosira baltica, at a copper polluted inlet of the Baltic Sea
(Gåsfjärden). We investigated if long-term (the mine has been active for >400 years) exposure to
mining discard has resulted in more heavy metal tolerant diatom individuals? in Gåsfjärden, compared
to another Baltic location (Gropviken). Although only small differences in tolerance were observed
within species, we found that copper stress could modify the competition between S. marinoi and T.
baltica. Under standard lab conditions S. marinoi divides approximately twice as fast as T. baltica and
rapidly outcompetes the latter. Under copper stress, however, the more tolerant T.baltica, should gain a
competitive advantage and results from a co-cultivation experiment will be presented. The relative
abundance of silica frustules in the sediment strata of Gåsfjärden indicates that S. marinoi has suffered
under historical periods of intense mining. Our results suggest that this may have been driven by
modification in inter-specific competition among important spring-bloom forming diatom species, due
to copper stress. Future works aims to determine if and how S. marinoi has evolved in response to
copper pollution in Gåsfjärden.
Keywords: diatoms, copper stress, competition, evolution
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A genetic basis for fisheries-induced life history changes in flatfish
Filip A.M. Volckaert (1), Eveline Diopere (1), Gregory E. Maes (1,2,3), Bart Hellemans (1),
Fabian Mollet (4), Adriaan D. Rijnsdorp (4), Bruno Ernande (5)
(1) Laboratory of Biodiversity and Evolutionary Genomics, University of Leuven, Charles
Deberiotstraat 32, B-3000 Leuven, Belgium; (2) Center for Human Genetics, Genomics Core, O&N 1,
University of Leuven/UZ Leuven, Herestraat 49, Box 602, B-3000 Leuven, Belgium; (3) Centre for
Sustainable Tropical Fisheries and Aquaculture, James Cook University, 4811 QLD Townsville,
Australia; (4) Wageningen Marine Research, PO Box 68, NL-1970 AB IJmuiden, the Netherlands
5 Ifremer, Centre Manche Mer du Nord, 150, Quai Gambetta, F-62200 Boulogne-sur-Mer, France
Presenter contact details: filip.volckaertl@kuleuven.be, Phone: +32 16 323972
There is strong phenotypic evidence for fisheries-induced evolution in many fish species. Changes in
life history traits, such as a shift towards earlier maturation at a smaller size, increased reproductive
investment and changes in growth rate, have been suggested to have a genetic basis but very few
studies have found a molecular basis for adaptation. We used a candidate gene approach to test the
hypothesis that fisheries-induced evolution resulted in genetic changes in the exploited flatfish sole
(Solea solea L.) in the North Sea. A historical otolith collection covering the past 60 years was used as
a source of DNA and life-history traits, allowing for an association analysis and a joint retrospective
assessment of genetic and phenotypic changes. The association analysis revealed a link between
polymorphisms in two genes, namely growth hormone receptor (GHR) and myostatin (MSTN), and
four phenotypes, namely juvenile growth rate, onset of maturation, energy acquisition and infinite
weight. Such polymorphisms support adaptive evolution, as these traits have been reported to evolve in
sole. The observed phenotypic changes were consistent with the expected fisheries-induced
evolutionary responses. From the early 1960s onwards a decrease in adult growth rate and increased
reproductive investment and energy acquisition was observed. From the late 1970s onwards also a
decrease in the onset of maturation and infinite weight, and increase in juvenile growth was observed.
We discuss the extent to which phenotypic changes might have been influenced by other factors, such
as winter temperature, population density and an increase in food availability due to beam trawling.
The final proof for those phenotypic changes requires complementary experimental and functional
evidence.
Keywords: adaptation, fish, fishery, molecular evolution
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Genome wide impact of anthropogenic changes during the 20th Century in
Northeast Arctic cod
Cecilia Helmerson (1), Siv Nam Khang Hoff (1), Agata Teresa Gondek (1), Marine Servane
Brieuc (1), Jan Dierking (2), Christoph Petereit (2), Ian Bradbury (3), Halvor Knutsen (4),
Jane Aanestad Godiksen (4), Kjetill S. Jakobsen (1), Olav Sigurd Kjesbu (4), Bastiaan Star
(1), Sissel Jentoft (1)
(1) Centre for Ecological and Evolutionary Synthesis – University of Oslo, Oslo, Norway; (2)
GEOMAR – Helmholtz-Zentrum für Ozeanforschung, Kiel, Germany;(3) Fisheries and Oceans
Canada, Newfoundland, St John´s, Canada; (4) Institute for Marine Sciences, Bergen, Norway
Presenter contact details: cecilia.helmerson@ibv.uio.no, Phone: +46 739804988.
During the 20th Century anthropogenic changes – including global warming and increased fishing
pressure – have led to dramatic consequences for important marine fish species. Here we aim at
identifying the genome wide impact of such strong directional selection pressure(s) on one of the most
economically important fish species distributed throughout the North Atlantic Ocean – the Atlantic cod
(Gadus morhua L.) – focusing on the Northeast arctic cod or Barents Sea cod. The Barents Sea cod is a
cold-water adapted ecotype that migrates from the Barents Sea to the Norwegian coast to spawn. Due
to either selection pressure(s) or other factor such as skipped spawning and potential hybridization with
the non-migratory Norwegian coastal cod the genetic structure of the spawning population might be
altered.
Technological and methodological advancement have led to a vast reduction in costs,
therefore it is now feasible to study the underlying genetic variation and to track changes over time at
the whole genome-wide level. Genetic material from historical samples (otoliths or scales) from the
20th Century as well as from its contemporary counterparts, i.e. the 21th Century, were successfully
sequenced using a whole genome sequencing approach. The collected specimens were carefully
selected from different years based on the Barents Sea Climate index, as falling under cold (1907,
1975) or warm periods (1940, 1958, 1999, 2011 and 2014). This unique data-set will be explored for
potential genetic response(s) of warm and cold periods, the overall increase in temperature, as well as if
possible looking at the periodically increased fishing pressure experienced by this important marine
resource. Initial analyses reveal bias in historical sequencing data, that need to be accounted for in
downstream analysis, as well as the potential for looking at frequency shifts in candidate genes and
potential hybridization with coastal cod.
Keywords: Population genomics, Barents Sea, migration, ecotype
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Ocean Acidification as a Stealth Stressor to Atlantic cod larvae
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Kiel, Germany, (2) Dep. of Economics, Sustainable Fisheries, Kiel University, Germany, (3) Nofima
AS, Tromsø, Norway, (4) Institute for Marine Research, Tromsø, Norway, (5) Centre for Ecological
and Evolutionary Synthesis, University of Oslo, Norway
Presenter contact details: fmittermayer@geomar.de, Phone: +49 431 600 4539
Ocean acidification, the uptake of increasing atmospheric CO2 concentration from anthropogenic
activities by ocean waters, is impacting many fish species. Detrimental effects on survival, growth,
development and tissue integrity have been observed in several species, but little is known about the
underlying molecular responses of observed physiological phenotypes. Here we apply RNA-Seq to
characterize the whole transcriptome of three larval stages (6, 13 and 36 days-post-hatch (DPH)) of
Atlantic cod (Gadus morhua, L.) exposed to simulated ocean acidification at levels of 1100 µatm CO2
(global end-of-century prediction IPCC RCP 8.5) vs. ambient 500 µatm CO2. These stressor levels are
known to induce tissue damage and elevated mortality as well as altered ossification and growth
patterns in this population (Northeast Arctic cod stock). Intriguingly, only few genes were
differentially expressed in 6 and 13 DPH larvae (3 and 16 genes, respectively) at a time point when the
maximal mortality in the treatment group occurred. At 36 dph, 1413 genes were differentially
expressed, most likely caused by developmental asynchrony between the treatment groups, with
simulated ocean acidification treated individuals displaying faster growth and increased bone
ossification. An analysis of target genes related to the cellular stress response revealed only few
differentially expressed genes in 36 DPH larvae and none in the 6 and 13 DPH larvae. In conclusion,
our results show no clear divergence in gene expression patterns in early developmental stages of
Atlantic cod larvae under end-of-century pCO2 levels. This is a stark contrast to the many observed
fitness impairments, including a doubling of mortality. We thus suggest that larvae have no means to
perceive and adequately react to such ocean acidification levels, which hence constitute a “stealth
stress” for early Atlantic cod larvae.
Keywords: Climate Change, Arctic, Gadus morhua, Transcriptome, Fish
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Natural selection shapes functional genetic variation at intertidal microhabitats
in the Northern Acorn Barnacle
Joaquin C. B. Nunez (1), Rebecca G. Elyanow (2), Bianca R. P. Brown (3), and David, M.
Rand (1,2)
(1) Department of Ecology and Evolutionary Biology; (2) Center for Computational Molecular
Biology; (3) Institute at Brown for Environment and Society, Brown University, Providence, RI, USA
Presenter contact details: Joaquin_Nunez@Brown.edu, Phone: +1 786-514-0636.
The northern acorn barnacle (Semibalanus balanoides) is a premier system to study the genetic basis of
adaptations to highly heterogeneous environments. Adult barnacles may be exposed to highly
dissimilar levels of thermal stress depending on where they settle in the intertidal (i.e. closer to the
upper or lower tidal boundary). For instance, barnacles in the upper tidal limit experience episodic
summer temperatures above recorded heat coma levels. This differential stress at the microhabitat level
is also dependent on the aspect of sun exposure. Previous work has shown that barnacles surviving in
the most thermally stressed environments show differential genotype frequencies at metabolically
important enzymes (Mannose-phosphate-Isomerase and Glucose-phosphate-Isomerase) in response to
the thermal zonation. In the present study, we used pooled-sample approach to conduct a genome wide
screen for loci with allele frequencies responding to the thermal zonation in the intertidal. Discriminant
analysis of principal components identified1020 SNPs occurring in 800 genes responding to the
thermal gradient. Gene prediction models as well as whole transcriptome data were used to
characterize the functional significance of these thermally zonated loci. The candidate genes with the
strongest signal in our study are associated with osmotic stress response in Drosophila (SLC5A3,
SLC18B1, and ppk28), muscle function and development (myosin heavy chain, tropomyosin, among
others), and regulation of gene expression. These findings help us understand the role and dynamics of
natural selection on putative physiological functions associated with survival heterogeneous
environments. Moreover, they provide novel insights into potential evolutionary responses in habitats
affected by climate change.
Keywords: Adaptation in Microhabitats, Barnacles, SNPs, Thermal Zonation
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Biomineralization and selective mortality of developing larvae of the Pacific
oyster Crassostrea gigas under pCO2 stress
Pierre De Wit (1), Evan Durland (2), Alexander Ventura (3), George Waldbusser (4), Chris
Langdon (2)
(1) Department of Marine Sciences, University of Gothenburg, Tjärnö, Sweden; (2) Department of
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The high larval mortalities in oyster hatcheries on the US west coast have gotten large media coverage
in the past few years, and the link has been made between occurrences of coastal upwelling of deep
water with low carbonate ion availability and abnormal shell formation and high mortality in hatchery
larvae. However, the mechanism by which this happens is still not well understood. In the Pacific
oyster, numerous genes are known to be involved in biomineralization but little is known about the
timing of gene expression in relation to formation of the initial larval shell. Further, it is unclear if
certain genes can confer tolerance to pCO2 stress in oyster larvae, and if there exists genotypic
variation therein which could be targeted for breeding of tolerant strains.
In order to study this process, we scan all expressed larval genes using an RNA-Seq approach over the
time interval of initial shell formation in both control and pCO2-stressed conditions. By correlating
gene expression data with observed delays in shell formation, we can identify a set of core cellular
functions involved in larval shell formation, and we propose a preliminary cellular model for this
process. Further, by examining genome-wide effects of high pCO2-induced mortality in juveniles using
a RAD-seq approach, we aim to gain an understanding of selective pressures caused by stress. The
mortality data paint a complex picture of trade-offs among developmental stages and divergent
responses from different oyster stocks.
Keywords: Crassostrea gigas, biomineralization, shell formation, ocean acidification
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Impact of ocean acidification on Limacina helicina pteropods in the California
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Presenter contact details: lisette.mekkes@naturalis.nl, Phone: +31 6 55072813
Increased atmospheric carbon dioxide lowers the carbonate ion concentration in the global ocean and
makes it increasingly difficult for calcifying organisms to produce and maintain their calcium
carbonate shells. The California Current Ecosystem (CCE) already naturally experiences corrosive
conditions due to seasonal upwelling. As pteropods form a highly soluble aragonite shell, they are
considered as indicators of the effects of ocean acidification (OA). Studies of the responses of
pteropods to changing ocean chemistry are mainly based on experimental work on short time scales,
and have shown a reduction in calcification rate and dissolution in shells. To date, a multidisciplinary
approach to resolve pteropod’s natural variability in their response to OA, both in terms of calcification
and genetics, is poorly documented. The aims of this study were to assess 1) mean shell thickness, as a
proxy for calcification, and 2) genetic diversity and spatial structuring of Limacina helicina pteropods,
sampled in the CCE along the US West coast. Micro-CT scanning was used as a novel method to
measure shell thickness, and genetic diversity was assessed based on partial sequences of the
mitochondrial Cytochrome Oxidase I gene. We found significant variability in shell thickness with
thinner shells onshore and thicker shells offshore. Correlations between shell thickness and ocean
carbonate parameters indicated significantly thinner shells of L. helicina at lower aragonite saturation
levels and pH conditions. These results are consistent with the hypothesis that pteropods have a harder
time calcifying in corrosive conditions, compared to pteropods in more saturated waters. We detected
extremely low levels of genetic diversity (π=0.26%) in the CCE population, and an absence of spatial
genetic structure. Our results suggest that increasing acidification in the CCE would negatively impact
L. helicina populations, because of low levels of genetic variability and hampered calcification in the
increasingly corrosive waters.
Keywords: pteropods, ocean acidification, microCT scanning, mitochondrial DNA, shell thickness
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Divergence in Gene Expression Between Sister Species of Candelabrum Corals
Adapted to different depths
Carlos Prada (1), Michael Hellberg
(1) Department of Biological Sciences, University of Rhode Island; (2) Department of Biological
Sciences, Louisiana State University
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Organisms cope with environmental variation by altering patterns of gene expression. The degree to
which an organism can modify its phenotype helps delimit the range of environmental conditions it can
inhabit. As an evolutionary alternative to plasticity, organisms may adapt to environmental differences
by altering allele frequencies across generations. While progress has been made in understanding the
genetic basis of adaptive divergence of fixed characters responding to contrasting habitats, less is
known about the genomic changes underlying adaptive divergence in plastic characters. We measured
plasticity in morphological characters associated with adaptation to depth in a pair of nascent species of
candelabrum corals adapted to opposite ends of a depth gradient and compared these to changes in
gene expression over long-term (2 yr) acclimation. We reciprocally transplanted 160 colonies (40 per
treatment) between depths. Colonies of the Shallow species transferred to the deep environment
showed high mortality associated with a fixed size of spicules (the fundamental units of their skeletons)
and a massive up regulation of genes associated with metabolic change. In contrast, colonies of the
Deep species more successfully adjusted to shallower habitats by altering just a few dozen genes. This
transcriptomic response was associated with lower mortality rates and a plastic decrease in spicule size.
Our results suggest that plasticity in morphology and gene expression associated with adaptation to
depth has already diverged between these species. The morphology and transcriptome of colonies from
the Deep species are flexible allowing colonies to thrive at different depths, while some physiological
processes within the Shallow species have become canalized, impairing their ability to live at deeper
depths.
Keywords: Coral Reefs, Adaptation, Phenotypic Plasticity
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8. Sex in the oceans: from molecules to
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Session organizers:
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Aquatic organisms express an astonishing variety of mating systems and reproductive
strategies. Apart from gonochorism, many marine animals can reproduce asexually,
act as either sex (simultaneous hermaphrodites) or even switch from one sex to the
other (sequential hermaphrodites). Traditional approaches have focused on ecoevolutionary explanations for specific reproductive strategies and sex-determining
mechanisms, using ecological parameters, life-history and behavioural perspectives,
mainly based on sex allocation theory and social interactions.
More recently, with the development of powerful and affordable genomic tools, the
molecular architecture underlying sex-determination is increasingly becoming focal.
Nevertheless, we are still far from a synthesis that can bridge complex phenotypes
with the molecular processes that regulate sexual development and sexual
differentiation.
This session aims to bring together an interdisciplinary group of researchers, to
showcase the most recent advances in the field and identify a path towards the
formulation of a comprehensive framework that will explain the origin, the evolution,
the mechanisms and the success of remarkable reproductive strategies in the oceans.
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Sex change and effective population size
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Sex reversal (sequential hermaphroditism) is common in plants, some invertebrates, and several marine
fish families. Protandrous species start life as males and later change to females, while protogynous
species do the opposite. Evolutionary theory indicates that sex change can be favored when fecundity
increases with age faster in one sex than the other, in which case the sex with the faster rate of increase
becomes the terminal sex. Conversely, the adult sex ratio is skewed toward the initial sex—sometimes
very highly so. For a given set of vital rates (age-specific survival and fecundity for both sexes), there
exists an optimal age for sex change (ESS age) that is evolutionarily stable. These ESS analyses,
however, do not account for indirect effects on another key evolutionary parameter, effective
population size (Ne), which is reduced when sex ratios are skewed. Wright’s famous sex-ratio
adjustment for Ne is not directly applicable to sequential hermaphrodites, because it is necessary to
consider lifetime variance in reproductive success by the same individuals operating as both males and
females. The following questions are of interest: 1) Do species that exhibit sex change incur an
evolutionary cost in terms of reduced Ne caused by skewed sex ratios? If so, evolutionary tradeoffs
must be involved. 2) If species change sex at the ESS age, does that also produce the highest Ne for
any sex-change strategy? If not, can we identify general rules for sex change that maximize Ne? 3) Do
the answers to Q1 and Q2 differ for protandrous and protogynous species? I evaluated these questions
using the program AgeNe to calculate Ne, based on empirical life-history data for sex-changing marine
fishes, as well as a suite of hypothetical scenarios that could be expected to favor either protogyny or
protandry.
Keywords: Ne, reproductive success, protandry, protogyny
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Protandrous sequential hermaphrodites (male-first sex changers) exhibit a great plasticity in sexual
patterns. Individuals reproduce initially as male and later in life switch to female; yet, in digynic
populations some individuals are born already as the second sex and never change (thus there are
primary females derived from intersexual juveniles and secondary females, derived from males). Also,
the age/size at sex change can differ across populations. We analysed multiple populations of the white
seabream, Diplodus sargus and the striped seabream, Lithognathus mormyrus, collected from different
locations across the species’ distribution ranges (between the Mediterranean and the North-Eastern
Atlantic). These populations are characterized by different degrees of connectivity, spatial
demographics and life histories. We asked whether such inter-population plasticity affected effective
population size. Using an individual-based approach, we provide geographic-specific analyses of lifehistory traits and time at sex change, together with calculations of empirical and theoretical effective
population sizes. We were thus able to gather a better understanding of the variation in reproductive
traits in these sexually plastic populations of two commercially important species, and their
demographic consequences, providing valuable insights for the tailoring of locality-specific
management strategies.
Keywords: Protandry, sexual plasticity, effective population size
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Sex-biased expression during early development in threespine stickleback
Erica Helen Leder (1,2)
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Sexual differentiation is the process by which an individual develops into either a male or a female. It
is governed by sex determination genes that direct the development of either testes or ovaries from a
bipotential gonad. Once gonads are differentiated, sex hormones secreted by these tissues further
govern the development and maintenance of sex-specific differences (sexual dimorphism). Although
much is known about sex-differentiation at the physiological level, the primary trigger gene for sexdetermination is unknown in many taxa. In an effort to identify when sex differences become apparent
during development and possibly identify potential candidates for the sex-determining gene in
threespine stickleback, we examined expression patterns of developing embryos, both male and female,
at several time points prior to gonad formation.
Histological studies in sticklebacks have revealed that primordial germ cell number is significantly
increased in females compared to males at 11-12 days post-fertilization (dpf) yet morphological
features distinguishing male and female gonads are not yet observed at this stage. This suggests that
molecular differences between the sexes are already occurring at this time, and investigations into the
sex determination trigger should focus on stages prior to this. Accordingly, we have examined sexbiased gene expression from 7 dpf to 12 dpf in male and female sticklebacks. Expression analyses
indicate vast differences in expressed transcripts within days between sexes but also from day to day
within a sex. A key time point seems to occur between 7 and 8 dpf when differential expression
between males and females seems to increase, and after day 8 dpf the expression pattern resembles the
expression pattern of adult tissues. The expression pattern of genes on the sex chromosomes also seems
to be quite dynamic with few male-biased genes early on, but becoming more similar to the adult
pattern by day nine.
Keywords: Fish, sex-determination, gene expression, development

77

Sex in salmon lice (Lepeophtheirus salmonis)
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(1) Sea Lice Research Centre, Institute for Biological Sciences, University of Bergen, Norway
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Salmon lice (Lepeophtheirus salmonis) are ectoparasitic copepods living on blood, mucus and skin of
Atlantic salmon and other Salmonids. Every year they lead to high losses for the aquaculture industry,
as the fish growth is impaired and treatment costs are high. The problem gets even more severe as
common treatment methods lose their efficacy due to resistance development. A large part of the
problem is the enormous reproductive rate of the salmon lice. At 10 ºC, a female louse that has once
been fertilized by a male can for more than one year continuously produce new egg strings every ten
days, each releasing several hundred of salmon louse nauplii, which after several molts become adults.
Decreasing the reproductive rate of the animals could thereby be a strategy to reduce sea lice in fish
farms. In our work, we try to elucidate how sex determination and reproduction in salmon lice work at
a molecular level. We used RNA-Seq data to identify sex-specific expressed genes, mapped their
expression using in situ hybridization and immunohistochemistry and analyzed their function by using
RNAi. PCRs and sequencing were used to explore the genomic region surrounding a known sexspecific SNP allowing for the identification of sex-specific gene variants. We identified several genes
expressed in the testis and the sperm ducts of adult males essential for male reproduction. Additionally
we could identify a gene that is located on a sex-specific chromosome. Female salmon lice are
heterogametic, while male lice are homogametic, suggesting a ZW sex determination system.
This research has been funded by the Research Council of Norway, SFI -Sea Lice Research Centre,
grant number 203513/O30.
Keywords: Crustacean; RNAi; testis; vas deferens
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Speciation: genital divergence and the evolution of reproductive isolation
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We build on an earlier comparative analysis that illustrated a strong pattern of greater variation in penis
form between pairs of sister-species with overlapping ranges than between allopatric sister-species
pairs, in a large clade of marine littorinid gastropods (Littorinidae). Here we further investigate the
process of selection to increase reproductive isolation via assortative mating and divergence in male
genitalia in two of the sister-species pairs. We critically discriminate among contrasting processes such
as reinforcement, reproductive interference and the Templeton effect, each which can generate a
pattern of reproductive character displacement, but rarely contrasted. In this talk, we demonstrate
reproductive character displacement in assortative mating but not in genital form between the pair of
sister species, and use demographic models to distinguish among the contrasting models. Our results
confirm the model of no gene flow and thus support reproductive interference as the cause of
reproductive character displacement for mate choice, instead of reinforcement or the Templeton effect,
but suggest that none of these is the cause of genital divergence.
Keywords: genitalia; reinforcement; reproductive character displacement; speciation; Littorinidae
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Adaptation to marginal habitats at species range-limits has often been associated with parthenogenetic
reproduction in terrestrial animals and plants. Laboratory observations have shown that brown algae
exhibit a high propensity for parthenogenesis by various mechanisms. The kelp Laminaria digitata is
an important component of the ecosystem in Northern European rocky intertidal habitats. We studied
four L. digitata populations for the effects of marginality on genetic diversity and sexual reproduction.
Two populations were marginal: one (Locquirec, in Northern Brittany) was well within the geographic
range, but was genetically isolated from other populations by large stretches of sandy beaches. Another
population was at the range limits of the species (Quiberon, in Southern Brittany) and was exposed to
much higher seasonal temperature changes. Microsatellite analyses confirmed that these populations
showed decreased genetic and allelic diversity, consistent with marginality and genetic isolation.
Sporophytes from both marginal populations showed greatly diminished spore-production compared to
central populations, but only the southern-limit population (Quiberon) showed a high propensity for
producing unreduced (2N) spores. Unreduced 2N spores formed phenotypically normal gametophytes
with nuclear area consistent with 2N DNA contents, and microsatellite studies suggested these were
produced at least in part by automixis. However, despite this being the dominant path of spore
production in Quiberon sporophyte individuals, the genetic evidence indicated the population was
maintained mostly by sexual reproduction. Thus, although spore production and development showed
the expected tendency of geographical parthenogenesis in marginal populations this appeared to be a
consequence of maladaptation, rather than an adaptation to life in a marginal habitat.
Keywords: parthenogenesis, marginal population, meiosis
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Prevalence of clonality across space and time in an Atlantic-Mediterranean
starfish
Rocío Pérez-Portela (1), Marta Campos-Canet (2), Alex Garcia-Cisneros (3), Creu Palacín
(4)
(1) Department of Biology, Geology, Physics and Inorganic Chemistry, Rey Juan Carlos University,
Móstoles (Spain) & Department of Evolutionary Biology, Ecology and Environmental Sciences,
University of Barcelona, Barcelona (Spain); (2) Department of Marine Ecology, Center for Advanced
Studies of Blanes (CEAB, CSIC), Blanes (Spain); (3) Department of Marine Ecology, Center for
Advanced Studies of Blanes (CEAB, CSIC), Blanes (Spain); (4) Department of Evolutionary Biology,
Ecology and Environmental Sciences, University of Barcelona, & Research Institute of Biodiversity,
Barcelona (Spain)
Presenter contact details: rocio.perez.portela@urjc.es, Phone: +34 914887192.
Some marine invertebrates display complex biological cycles that combine sexual and asexual
strategies, but exploring these cycles in the field is not always feasible. Indirect approaches such as
inferring the genetic structure of populations can be a good indicator if their biology. Previous genetic
studies of the fissiparous starfish, Coscinasterias teunispina, a species widely distributed across the
temperate and sub-tropical habitats at both sides of the Atlantic Ocean and the Mediterranean Sea,
revealed the presence of identical multilocus genotypes (MLGs) along its distribution range, although
clonality rates were particularly high in some areas of the Mediterranean. In this new study, we
perform finer temporal and spatial genetic analyses using 12 hypervariable microsatellite loci to
measure the prevalence of asexual reproduction along the Mediterranean coast. We analyzed 239
specimens including two sites from the Alboran Sea and six from the Western Mediterranean. Four of
these sites were temporarily monitored (between 2010 and 2014) to determine whether new genotypes
were recruited over time. Our results demonstrated high levels of diversity and the presence of different
MLGs at the Alboran Sea, but most populations along the Western Mediterranean were composed by
only one MLG that maintained over time. Additionally, most specimens collected lacked gonads, and
when present were always testes. These findings suggest that populations of C. tenuispina across 1,200
km of the Western Mediterranean coast are mainly maintained by fission of one male clone. The
potential of this species to elongate telomeres during asexual reproduction and so circumvent some of
the negative effects of long-term clonality may be behind the pattern observed. Nevertheless, this
interesting result opens further questions about the long-term adaptation and evolutionary potential of
these populations, and what are the dispersal mechanisms when the larval stage is absent.
Keywords: Fission, starfish, clonality, adaptation, dispersion
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Transitions to coloniality in the tunicates: new insights from phylogenomic and
ecological studies
Laurel Sky Hiebert (1), Alexandre Alié (2), Paul Simion (3), Edson A. Vieira (4), Marta
Scelzo (5), Maria-Mandela Prünster (6), Sonia Lotito (7), Frédéric Delsuc (8), Emmanuel J.
P. Douzery (9), Christelle Dantec (10), Patrick Lemaire (11), Sébastien Darras (12), Kazuo
Kawamura (13), Gustavo M. Dias (14), Stefano Tiozzo (15), Federico D. Brown (16)
(1, 16) Departamento de Zoologia - Instituto Biociências, Universidade de São Paulo, 05508-090, São
Paulo, Brazil; (2, 5, 6, 7, 15) CNRS, Sorbonne Universités, UPMC Univ Paris 06, Laboratoire de
Biologie du Développement de Villefranche-sur-mer, Observatoire Océanographique, 06230,
Villefranche-sur-mer, France; (3, 9) ISEM, Université de Montpellier, CNRS, IRD, EPHE,
Montpellier, France ; (4, 14) Centro de Ciências Naturais e Humanas, Universidade Federal do ABC,
Rua Arcturus 03 Jd Antares,São Bernardo do Campo, 09606-070, São Paulo, Brazil; (10, 11) CRBM,
Université de Montpellier, CNRS, Montpellier, France; (12) CNRS, Sorbonne Universités, UPMC Univ
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Banyuls/Mer, France; (13) Laboratory of Cellular and Molecular Biotechnology, Faculty of Science,
Kochi University, Kochi 780, Japan
Presenter contact details: laurel.hiebert@gmail.com, Phone: +55 11 999728211.
Asexual reproduction resulting in the production of connected modules (i.e. coloniality) has evolved
independently in a number of animal taxa. We have undertaken a comparative and integrative approach
to understand the origins of coloniality in the marine chordate subphylum Tunicata to address why,
when, and how this transition occurred. First, we performed transcriptome-based phylogenetic analyses
of the family Styelidae. We found that coloniality originated twice in this family; once in the clade
containing species that undergo palleal budding (including the model species Botryllus schlosseri); a
second origin was identified in the species Polyandrocarpa zorritensis, where we redescribed the
budding mode and found it differs from that of the other styelids. Second, we conducted a three-monthlong manipulative field experiment to examine functional differences between solitary and colonial life
histories. We performed this study in a southeast Brazil fouling community, where we found that
colonial species dominate the substrate. We outplanted similar-sized starting individuals and colonies
onto settlement plates and monitored their growth under predation- and competition-manipulation
treatments. We found that colonial species were more susceptible to predation—both survivorship and
growth of colonial species were more affected by predation than solitary species. Thus, the colonial
species are more predated yet still dominate the substrate in this fouling community. We suggest that
coloniality, which is more prevalent in the tropics, where predation is highest, may have evolved as a
mechanism to tolerate predation. These studies are beginning to uncover the mechanisms and
evolutionary forces that have led to a major evolution transition—the origin of coloniality.
Keywords: asexuality, ascidian, coloniality, major evolutionary transitions, tunicate
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Controlling sexual reproduction in a marine diatom
Olga Kourtchenko (1), Susanna Gross (1), Anke Kremp (2), Marina Montresor (3), Anna
Godhe (1)
(1) Department of Marine Sciences, Gothenburg University, Göteborg, Sweden; (2) Marine Research
Centre, Finnish Environment Institute (SYKE), Helsinki, Finland; (3) Stazione Zoologica Anton Dohrn,
Napoli, Italy.
Presenter contact details: olga.kourtchenko@marine.gu.se, phone: +46 739 307064
We have induced sexual reproduction in a common marine diatom Skeletonema marinoi in a laboratory
environment, using exposure to the conditions of the resting stage development as a cue. The objective
was to investigate whether we could cross geographically isolated and genetically distinct (F ST >0.1) S.
marinoi strains from the Skagerrak-Kattegat region, and the Baltic Sea. The successful first generation
hybrids were confirmed by pedigree analysis using microsatellite markers. We re-sequenced
chloroplast genomes of both hybrid and parental strains (Illumina). This data was used to investigate
the potential existence of consistent mating types among different S. marinoi strains, by tracing the
origin of the chloroplast genome in a mixed genotype back to the maternal one. Presented study
provides new insights into S. marinoi reproductive strategies and offers necessary tools for further
developing and employing this organism as a genetic and evolutionary model.
Keywords: diatom, resting stages, cell cycle, mating types, FST
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The marine realm harbours a significant component of the biodiversity on Earth.
However, given that many marine species disperse long distances, it was difficult to
reconcile the origin of this diversity with the historical view that speciation occurs
mostly in strict allopatry. Although empirical evidence supporting speciation in the
face of gene flow has been accumulating, our current knowledge on the mechanisms
of speciation in the sea is still limited compared to non-marine ecosystems.
In order to counteract this bias, we propose a session on “marine speciation”. By
bringing together state-of-the-art tools from different disciplines, we aim to highlight
the diversity of evolutionary processes and reproductive barriers involved in
speciation of marine organisms across a variety of ecosystems, a range of taxonomic
groups and different oceanographic regions.
Building on participants’ contributions, we will foster discussion on the main
differences between the speciation mechanisms occurring in the different marine
ecosystems, and what (if anything) makes speciation in the sea different from
terrestrial and freshwater environments. Among other questions, we would like to
understand the roles of different barriers to gene flow and the genetic architecture of
speciation in the sea, comparing these features to the emerging consensus based on
non-marine systems.
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Sexual isolation and genetic differentiation between marine isopods
Ambre Ribardière (1), Claire Daguin-Thiébaut (1), Jérôme Coudret (1), Gildas Le Corguillé
(1), Elsa Pabion (1), Komlan Avia (1), Céline Houbin (1), Stéphane Loisel (1), PierreAlexandre Gagnaire (2), and Thomas Broquet (1)
(1) CNRS – Sorbonne Université – Station biologique de Roscoff, France; (2) CNRS – Université de
Montpellier - Institut des Sciences de l'Evolution de Montpellier, France.
Presenter contact details: thomas.broquet@sb-roscoff.fr, Phone: +33 298 292 351
This talk will present results from an empirical study that focuses on two aspects of speciation
research: the strength and independence of sexual isolation as an isolating barrier, and the evolution of
genetic differentiation between species across their genome. Sexual isolation is a major isolating
barrier in animals, and we know that it can evolve directly from sexual selection processes. Yet sexual
isolation is often coupled with other barriers and it may be intrinsically dependent upon ecological
conditions and natural selection (e.g. selection against hybridization). The independence and relative
strength of sexual isolation are thus difficult to assess in general. Here we take advantage of a pair of
marine isopods (Jaera albifrons and J. praehirsuta) that show sexual isolation and coexist in sympatric
populations where they share the same habitat or not (i.e. without or with ecological isolation). Using
no-choice trials and a free-choice experimental population, we asked whether sexual isolation i)
depends on ecological isolation, ii) could have evolved independently of local conditions, and iii) is
able to stop gene flow entirely on its own. Second, we use the same system of two species to explore
the distribution of genetic differentiation across their genome. One problem with this kind of analyses
is to identify genetic differentiation that is due to a reduction of gene flow between species, by
opposition with other causes that are less relevant to speciation. Here we explore this issue by
comparing the distribution of genetic differentiation in sympatric populations where the two species are
reproductively isolated versus populations showing introgressive hybridization. This approach is based
on a genome-scan approach combining RAD-seq data from natural populations and linkage maps, in
the aim to describe the distribution of genetic differentiation in relation with chromosome organisation
and recombination patterns.
Keywords: speciation, sexual isolation, genomic differentiation, chromosome rearrangements,
introgressive hybridization
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Genome architecture enables local adaptation and speciation in Atlantic cod
Carl André (1), Julia MI Barth (2), Paul Berg (2), Kjetill Jacobsen (2), Sissel Jentoft (2),
PerErik Jorde (3), Halvor Knutsen (3), Bastiaan Star (2)
(1) University of Gothenburg, Sweden; (2) Centre for Ecological and Evolutionary Synthesis (CEES),
University of Oslo, Norway; (3) Institute for Marine Research, Norway
Presenter contact details: carl.andre@gu.se, Phone: +46 70 5216295

While adaptation to local conditions is a fundamental process in evolution, the mechanisms
maintaining local adaptation despite high gene flow are poorly understood. Populations of the marine
fish Atlantic cod are highly connected due to immense dispersal capabilities but nevertheless show
local adaptation to diverse marine habitats. We investigated the genomic mechanisms of local
adaptation in coastal versus offshore populations, as well as along a natural salinity gradient in the
Baltic Sea.
We show that coastal cod in sheltered estuarine fjords mainly belong to offshore oceanic populations.
Nevertheless, we also find evidence for discrete fjord populations that are genetically differentiated
from offshore populations, indicative of local adaptation. Analyses of the genomic architecture reveal a
significant overrepresentation of a large chromosomal rearrangement in fjord cod, comprising multiple
genes critical for the survival at low salinities. This suggests that despite considerable connectivity with
offshore populations, local adaptation to fjord environments may be enabled by suppression of
recombination in large rearranged genomic regions.
Using a landscape genomic approach, we find that discrete regions within the cod genome are
associated with adaptation to local environmental conditions in the Baltic Sea. We identify sets of
directionally selected loci strongly correlated with salinity, including outlier SNPs within or close to
genes associated with osmoregulation, as well as genes known to play important roles in the hydration
of oocytes. These genes are likely to have key osmoregulatory functions, which are important for the
survival of eggs and larvae thus contributing to the buildup of reproductive isolation of the low-salinity
adapted Baltic cod. Hence, our results suggest that adaptive responses to the environmental conditions
in the Baltic Sea contribute to a strong and effective reproductive barrier, and that Baltic cod can be
viewed as an example of ongoing speciation.
Keywords: ecological adaptation, speciation, gene flow, Baltic cod, chromosomal inversion
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Identifying the evolutionary processes underlying the genomic landscape of
species divergence, insights from haplotype-resolved genomes in the European
sea bass
Maud Duranton (1), François Bonhomme(1) and Pierre-Alexandre Gagnaire(1)
(1) ISEM, Université de Montpellier, CNRS-IRD-EPHE-UM, France
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Accumulating evidence from speciation genomic studies indicate that heterogeneous genomic
landscapes of differentiation between incipient species are shaped by multiple evolutionary processes.
The similar patterns left in molecular data often make it difficult to distinguish the footprint of
mechanisms directly related to speciation from other confounding mechanisms, such as linked
selection. In particular, the role of gene flow in generating genomic islands of differentiation is still
highly debated. Therefore, distinguishing genomic islands involved in speciation from incidental
islands that evolved as a by-product of linked selection may necessitate moderate to high levels of
contemporary gene flow. For that reason, marine species with large effective population sizes and high
dispersal capabilities offer interesting models for the study of speciation. The European sea bass
(Dicentrarchus labrax) is genetically subdivided into an Atlantic and a Mediterranean lineage that
naturally exchange genes through hybridization. Here, we test whether genomic islands between sea
bass lineages act as genetic barriers to gene flow, using haplotype-resolved whole-genome sequences
to directly indentify introgressed tracts. We show that migrant tracts occur at highly variable
frequencies across the genome, revealing regions that are resistant to introgression. Finally, by
reconstructing the genomic landscape of interlineage divergence prior to gene flow, we show that
genomic islands have first emerged in allopatry through the effect of linked selection acting on a
heterogeneous recombination landscape. Upon secondary contact, preexisting islands were strongly
remolded by differential introgression, revealing variable fitness effects among regions involved in
reproductive isolation. Interestingly, we found that divergent regions containing ancient
polymorphisms conferred the strongest resistance to introgression.
Keywords: Speciation, Genomic, haplotyping
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Mechanisms of rapid divergence and speciation with gene flow in a marine snail
Kerstin Johannesson (1), Anja M. Westram (2,4), Marina Rafajlović (3), Hernan Morales (1),
Pragya Chaube (4), Rui Faria (4), Tomas Larsson (1), Marina Panova (1), Roger Butlin (1,4)

(1) Marine Science, University of Gothenburg, Sweden; (2) Institute of Science and Technology
Austria, Klosterneuburg, Austria; (3) Physics, University of Gothenburg, Sweden; (4) Animal and
Plant Sciences, University of Sheffield, UK
Presenter contact details: Kerstin.Johannesson@gu.se, Phone: +46317869611.

New opportunities to understand marine speciation and local adaptation come with genomic
approaches and with the development of comprehensive model systems. In some systems, like the
intertidal snail Littorina saxatilis, divergence with gene flow happens in parallel settings and at various
levels of independence. Divergence occurs between contrasting microhabitats on the shore and results
in reproductively semi-isolated ecotypes linked by contact zones with clinal phenotypic changes. In
Sweden ecotype formation has been extremely rapid in small postglacial islands of a few thousand
years age. Our understanding of the interplay between divergent selection, gene flow and genetic drift
during local adaptation and speciation is now greatly improved by detailed analyses of the genomic
differentiation over several contact zones and the genomic architecture of the differentiation. We here
review recent findings combining a draft genome, a genetic map, experimental assessment of selection,
theoretical modelling, and hybrid zone analyses. These analyses have generated a picture of a highly
structured genome where large proportions of several linkage groups (probably inversions) act in the
form of "supergenes". These linkage groups are under differential selection in the different
microhabitats although not necessarily fixed at cline ends. Quantitative trait loci mapping and genomewide association analysis are ongoing and will suggest how genes coding for important phenotypic
traits are distributed over the various supergenes. The presence of supergenes helps to explain how
local populations settled in a heterogeneous intertidal habitat may evolve strikingly different ecotypes
and reproductive barriers repeatedly and in the face of gene flow over only a few thousand generations
or less in a postglacial archipelago.

Keywords: Adaptive divergence, parallel evolution, marine model, reference genome, Littorina
saxatilis
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Rapid ecological speciation in a marine fish.
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Presenter contact details: paolo.momigliano@helsinki.fi, Phone: +358 40 7776419
In the marine environment evidence for ecological speciation is relatively scarce, particularly among
vertebrates. This is surprising: barriers to gene flow are rarely absolute in the sea, hence models of
speciation that can operate in the presence of gene flow, such as ecological speciation, are likely to be
important in explaining marine biodiversity. Here we document a case of rapid ecological speciation in
the postglacial Baltic Sea. European flounders (Platichthys flesus) show two reproductive behaviors
within the Baltic: offshore spawning of pelagic eggs (pelagic flounders), and coastal spawning of
demersal eggs (demersal flounders). Demersal spawning enables flounders to thrive in the low salinity
of the Northern Baltic, where eggs cannot achieve neutral buoyancy. We show that demersal and
pelagic flounders are a species pair arising from a recent event of speciation. Despite having a
parapatric distribution with extensive overlap, the two species are reciprocally monophyletic and show
strongly bimodal genotypic clustering, suggesting strong reproductive isolation. Divergence across the
genome is weak, but shows strong signatures of selection, suggesting a recent ecological speciation
event. We estimate the speciation process started approximately 2400 generations ago, following the
colonization of the Baltic by the ancestors of the demersal lineage. In the absence of biogeographic
barriers, reproductive isolation and genome-wide divergence is maintained through selection on
spawning behavior, egg buoyancy and sperm motility in different salinities. These characters may be
acting as “magic traits”, resulting in spawning segregation and maintaining reproductive isolation in
areas of the Baltic where both species co-occur. Genomic data confirm selection on a few genes
associated with reproduction, particularly sperm physiology. The European flounder species-pair
therefore represents a novel and promising model system to study speciation in the marine
environment, and in particularly to investigate the mechanisms of speciation in the absence of
impermeable barriers.
Keywords: ecological speciation, genomics, evolution, rapid speciation, Baltic Sea
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Cryptic species in the marine environment: patterns and potential processes
Abigail E. Cahill (1), Anne Chenuil (2)
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d’Ecologie marine et continentale (IMBE), Aix Marseille Université, CNRS, IRD, Avignon
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France
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Cryptic species (CS), which are morphologically identical but reproductively isolated units, have been
increasingly described in the marine environment in the 25 years since a seminal paper was published
on the topic. The increase in genetic markers to elucidate these cases has allowed for these
descriptions, and we are now able to use CS to address fundamental questions in evolutionary biology.
Additionally, failing to identify CS can lead to errors and biases in ecological and conservation studies,
including biodiversity monitoring. Understanding what processes lead to CS and the patterns in where
they are (or may be) found is thus important to both basic and applied questions regarding speciation.
In order to address the prevalence of CS in marine environments, we conducted a review of the
literature for cases of cryptic species described in marine metazoans. After searching over 2000
records, we found > 650 cases of CS. Most CS were found in Arthropods, Molluscs, and fish. More
cryptic species were described in coastal environments than all other habitats combined. We also
examined data relating to the geography of speciation: CS were commonly reported in both sympatry
and allopatry. Most cases where morphological data were also presented demonstrated statistical or
diagnostic differences between species; only 8% of cases reported no morphological differences (i.e.
CS sensu stricto). We also present a categorization of CS by combining different levels of reproductive
isolation with levels of morphological differentiation. The literature review and resulting database
allow us to explore how these cases of CS inform us about speciation in the marine environment,
including evaluating different diversification processes between species.
Keywords: cryptic species, metazoan, speciation
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Allopolyploid speciation in brown algae: Genome-wide effects on expression and
divergence
Gareth Pearson (1), Filipe Sousa (1), João Neiva (1), Laura Anderson (2), Pete Raimondi
(2), Neusa Martins (1), Ester Serrão (1)
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Faro, Portugal; (2) Long Marine Laboratory, University of California, Santa Cruz, USA.
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The effects of genome mergers between independently evolving lineages via allopolyploidy can lead to
instantaneous sympatric speciation. However, little is known about allopolyploidy and the resultant
“genome shock” on the evolution and expression of gene copies beyond the plant and fungal branches
of the tree of Life. Here we used transcriptome sequencing (RNA-seq) to determine the effects of
allopolyploidy on evolutionary rates and gene expression conservation in two recently identified
allopolyploid species of brown algae in genus Pelvetiopsis (Phaeophyceae: Fucaceae), in the northeastern Pacific ocean. Phylogenetic reconstruction using multiple nuclear loci confirmed their recent
origin in the late Pleistocene. An overall increase in evolutionary rates, particularly in non-synonymous
substitutions, was found even in the most modern species, P. hybrida (ca. 0.2 MA), suggesting early
effects of relaxed selective constraint following allopolyploidization. Gene expression patterns in
homoeologues (allopolyploid gene copies) and parental orthologues of P. hybrida and the diploid
progenitors P. arborescens and P. californica (= Hesperophycus californicus) confirmed patterns
previously found in allopolyploid organisms across different kingdoms, with the majority of
homoeologues exhibiting conserved expression levels. Interestingly, high non-synonymous substitution
rates were found in functional homoeologues with equal expression, suggesting that accelerated
divergence can occur without neo-functionalization or pseudogenization. We also found evidence for
extensive expression-level dominance (where expression in the allopolyploid is similar to one or other
parent, rather than being an average of both), which was strongly linked with regulatory changes in the
non-dominant homeologue. Finally, gene expression was partially linked to the ancestral gender of
homoeologues. Our results expand the study of genome evolution in allopolyploid organisms to
heterokont brown algae, an evolutionarily distinct marine lineage.
Keywords: Speciation, hybridization, allopolyploid, gene expression, divergence
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The distributions of species are not only determined by where they can survive – they must also be able
to reproduce. Although immigrant inviability is a well-established concept, the fact that immigrants
also need to be able to effectively reproduce in foreign environments has not been fully appreciated in
the study of adaptive divergence and speciation. Fertilization and reproduction are sensitive life-history
stages that could be detrimentally affected for immigrants in non-native habitats. We propose that
“immigrant reproductive dysfunction” is a hitherto overlooked aspect of reproductive isolation caused
by natural selection on immigrants. This idea is supported by results from experiments on an externally
fertilizing fish (sand goby, Pomatoschistus minutus). Growth and condition of adults were not affected
by non-native salinity whereas males spawning as immigrants had lower sperm motility and hatching
success than residents. We interpret these results as evidence for local adaptation or acclimation of
sperm, and possibly also components of paternal care. The resulting loss in fitness, which we call
“immigrant reproductive dysfunction,” has the potential to reduce gene flow between populations with
locally adapted reproduction, and it may play a role in species distributions and speciation.
Keywords: Ecological speciation, immigrant inviability, Gobiidae, local adaptation, multifarious
selection
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Analysing pre- and post-zygotic barriers in haploid diploid species
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We studied the importance of hybridization between two cryptic species of the genus Ectocarpus, the
model organism for genomics and genetics of the haploid-diploid filamentous brown algae. In haploiddiploid species, genetic structure of the two phases of the life cycle can be analysed separately in
natural populations. Such life cycle gives a unique opportunity to estimate the frequency of hybrid
genotypes in diploid sporophytes and meiotic recombinant genotypes in haploid gametophytes
allowing to untangle the effect of reproductive barriers preventing fertilization or preventing meiosis.
The level of hybridization between E. siliculosus and E. crouaniorum was quantified along the
European coast. Clonal cultures (568 diploid and 336 haploid) isolated from field samples (10 sites)
were genotyped using a combination of cytoplasmic and nuclear markers to estimate the frequency of
hybrid genotypes in diploids and recombinant haploids. We identified admixed individuals using 9
microsatellite loci, classical assignment methods and a newly developed Bayesian method
(XPloidAssignment), which allow to study populations where variations in ploidy levels are observed.
Over all Ectocarpus populations, the level of hybridization was estimated at 8.7%. However, hybrids
were exclusively observed in sympatric populations. More than 98% of hybrids were diploids (40% of
which showed signs of aneuploidy) with a high frequency of rare alleles. The almost absence of
haploid recombinant hybrids demonstrates that the reproductive barriers are mostly post-zygotic and
suggests that abnormal segregation during meiosis between species with different genome size could
be at its origins in our study models.
Keywords: Brown seaweed, hybrids, cryptic species
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Evolutionary analysis of aquaporins from barnacles.
Magnus Alm Rosenblad (1), Ulrika Lind (2), Per Jonsson (1), Anders Blomberg (2)
(1) Dept. of Marine Sciences, University of Gothenburg, Sweden;(2) Dept. of Chemistry and
Molecular Biology, University of Gothenburg, Sweden.
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Barnacles are sessile macro-invertebrates, found along rocky shores in coastal areas worldwide.
Different species of barnacles can tolerate quite different levels of salinity – from almost
freshwater to fully marine. The molecular mechanisms underlying the osmoregulatory capacity
of barnacles are currently not known. Aquaporins are pore-forming integral membrane proteins
that facilitate transport of water, small solutes and ions, and they have been shown to be
important for osmoregulation in many organisms. The knowledge of the function of aquaporins
in crustaceans is, however, limited. We have recently identified the repertoire of aquaporins from
the euryhaline barnacle B. improvisus, based on genome and transcriptome sequencing (Lind et
al, 2017). B. improvisus contains eight genes for aquaporins, and phylogenetic analysis showed
that they represented members of the classical water aquaporins, the aquaglyceroporins, the
unorthodox aquaporin and the arthropod-specific big brain aquaporin (Bib). Interestingly, we
also found two big brain-like proteins (BibL1 and BibL2) constituting a new group of aquaporins
not yet described in arthropods. To deepen our understanding of the evolution of various modes
of osmoregulation for barnacles, we have now produced genome and transcriptome data
(Illumina, PacBio, 10x) from four barnacle species with varying low-salinity tolerance: Balanus
balanus (minimum salinity tolerance 22 psu); Balanus crenatus (minimum salinity tolerance 13
psu); Semibalanus balanoides (minimum salinity tolerance 8 psu); Balanus improvisus (minimum
salinity tolerance 1 psu). All four species live along the Swedish coast-line, however, only B.
improvisus has successfully invaded the Baltic Sea proper (≤ 9 psu). We will present data on the
repertoire of aquaporins in the different species. In particular, we show data on the evolution of
the BIB-like class of aquaporins, and how the various aquaporins relate to the low-salinity
tolerance of the different species.
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Acclimatization is a non-genetic process by which an individual organism heightens its stress tolerance
after exposure to a stressor. Understanding mechanisms by which corals acclimatize is urgent given
their large population declines in response to increasing temperatures. There is growing interest in the
role methylation changes play in coral acclimatization and phenotypic plasticity. However, because
reef-building corals harbor intracellular symbionts (genus Symbiodinium), discerning the relative
contribution of host and symbiont to acclimatization can be difficult. The Caribbean elkhorn coral,
Acropora palmata, has an uncomplicated symbiosis: it associates with just one symbiont species (S.
‘fitti’) and most colonies also harbor only one strain of S. ‘fitti’. August of 2014 was the warmest on
record for the Florida Keys. By early September 2014, numerous corals species bleached throughout
the Florida Keys reef tract. This event provided an unprecedented opportunity to understand whether
methylation status contributes to acclimatization and plasticity in reef corals. Initial surveys of
Acropora palmata documented a range of bleaching response. This response varied between reefs but
also within single, monoclonal stands of A. palmata. Thus, coral clonemates growing in close
proximity exhibited different bleaching susceptibilities despite sharing identical (clonal) Symbiodinium
communities. Similarly, 16s tag sequencing data failed to provide evidence for a correlation between
other microbiome members and the hosts bleaching response. Instead, reduced representation
sequencing of the methylated sites within the coral hosts’ genome indicated a role for methylation
differences in contributing to host acclimatization. Ongoing experiments aim to uncover whether
induced methylation changes are passed on to the egg and larval stage. Further study of epigenetic
mechanism contributing to coral acclimatization and plasticity are warranted in the light of rapidly
changing shallow marine environments.
Keywords: coral, epigenetic, acclimatization, bleaching, symbiosis
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The Atlantic seabob shrimp Xiphopenaeus kroyeri (Heller, 1862) is a commercially important
penaeid shrimp occurring in the coastal waters of the tropical Western Atlantic. In 2011, the
Surinamese industrial fishery on this species was awarded the Marine Stewardship Council
(MSC) certification for its efforts in improving sustainability. Nevertheless, important knowledge
on the phylogenetics and population structure of the seabob shrimp on the northern coast of
South America is still lacking. Applying a Bayesian multilocus coalescent method using the BEAST
software on a dataset with two mitochondrial and two nuclear genes, additional proof was
provided for the existence of at least two cryptic species of seabob shrimp occurring sympatric in
the area, with one species (Xiphopenaeus kroyeri sensu stricto) being largely dominant.
Moreover, the genetic population structuring of the latter species was investigated using two
mitochondrial markers. These results suggest a single continuous stock extending from Guyana
to Pará State, Brazil, whereby the Orinoco and Amazon freshwater outflows act as barriers
limiting gene flow to neighbouring populations. As there are no two separate stocks in
Surinamese and Guyanese waters, the outcome of this study requests to further improve the
sustainable management of the Atlantic seabob shrimp fishery.
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Most organisms reproduce sexually and individuals maintain their gender throughout their life
(gonochorism). In some species, however, individuals can produce male and female gametes at
the same time (simultaneous hermaphroditism) or reproduce initially as one sex and later in life
switch to the other (sequential hermaphroditism, where female is the first sex in protogyny and
male the first sex in protandry). Theoretical models, initially developed for plants, suggest that
gonochorism and simultaneous hermaphroditism are evolutionary stable conditions, but if this is
the case in animals is unclear, especially in sexually plastic taxa as teleosts. At least 5% of fish
species are hermaphroditic with an over-representation of sequential hermaphrodites in the late
Cretaceous radiation of marine percomorphs. Using phylogenetic comparative methods and a
sample of over 3400 teleost species, we show that gonochorism is the most likely ancestral
condition from which protogyny, protandry and to a lesser extent simultaneous
hermaphroditism evolved at a low rate. Unlike simultaneous hermaphroditism and protandry,
that once evolved quickly move to a different sexual pattern, gonochorism and protogyny are
evolutionary stable conditions that are more quickly gained than lost. These results contradict
classic plant theoretical models by showing that simultaneous hermaphroditism is not an
evolutionary stable state in teleosts, presumably because of the complexity of managing the
opposing behavioural and physiological consequences of sexual hormones in animals. Instead,
our results identify protogyny as the most stable condition among all forms of hermaphroditism
in this taxon. We suggest that the greater evolutionary stability of protogyny over protandry may
be explained by the differential physiological and energetic costs of male and female gametes for
an animal of increasing size, with the production of numerus but cheaper sperm in protogynous
males being a particularly successful strategy with the haremic mating system that many
protogynous teleosts exhibit.
Keywords: sexual patterns, hermaphroditism, teleosts, evolution, phylogenetic comparative methods
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Ocean acidification (OA) has wide ranging impacts on marine life, especially on planktonic
calcifiers. These plankton play a major role in ocean biogeochemistry due to their large biomass
and circumglobal distribution. The euthecosomes, or shelled pteropods, possess shells of
aragonite, a 50% more soluble form of calcium carbonate than calcite. When exposed to future
acidity levels, shelled pteropods have shown varying stages of dissolution and reduced
calcification. Their sensitivity to OA and their widespread distribution make them useful bioindicators. Pteropods show limited acclimation responses to the effects of OA, however, we also
need to study their long term adaptive potential to cope with incremental changes in acidity. We
define adaptive potential as the ability of species or populations to respond to selection through
phenotypic or molecular changes. In my PhD, I seek to investigate the genotypic variability,
spatial partitioning and gene flow in pteropod populations across the Atlantic Ocean to assess
their adaptive potential for OA. However, there is a lack of genetic resources available for
euthecosomes. Targeted sequencing of specific parts of the genome using probes (DNA
sequences acting as baits) via next-generation sequencing is a new method to obtain many loci
for studying genome-wide variation. We recently designed a set of probes for euthecosomes
using a draft-transcriptome and genome of L. bulimoides. Thus, we can now investigate variability
in regions of interest across the genome, including biomineralisation genes. I will present my
preliminary findings from target-capture sequencing experiments for L. bulimoides and its
applicability to closely-related species. By identifying neutral and adaptive genetic variation
across the Atlantic Ocean, we can determine dominant processes shaping variability and evaluate
the potential of euthecosomes to cope with predicted ocean changes.
Keywords: Ocean acidification, shelled pteropods, adaptive potential, next-generation sequencing,
targeted sequencing
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Knowledge on intraspecific spatial genetic differentiation is important for conservation planning,
species distribution modelling, and as background for comparative genomics studies. The Southern
Ocean is home to a unique teleost fish fauna that has diversified in a marine adaptive radiation into
more than 100 extant species. The bullhead notothen, Notothenia coriiceps, is one of the most abundant
Antarctic fishes and the first with a published draft genome. Its extended pelagic larval duration may
indicate high levels of gene flow and connectivity. Here, we apply reduced representation sequencing,
more specifically a modified ddRAD protocol, to assess spatial patterns of genomic variation in an
Antarctic model species. Samples from the West Antarctic Peninsula – Scotia Sea region (localregional scale) and East Antarctica (large scale) were genotyped using both de novo assembly and
reference mapping for variant calling. These analyses yielded 1972 and 1590 high quality single
nucleotide polymorphisms (SNPs), respectively. Individual-based and population clustering analyses
reveal clear, albeit low, genetic differentiation on a large scale. Genome scan analyses identified
between 4 and 27 SNPs potentially under divergent selection, depending on method and data set used.
These indicate an influence of oceanographic currents on genetic diversity in the Antarctic Peninsula
region. However, higher resolution investigations are needed to disentangle the likely complex
interaction of biological traits and physical forcing on smaller spatial scales. We present implications
for Antarctic marine living resource management and the experimental design of future Antarctic
population genomic studies.
Keywords: connectivity, RADseq, local adaptation, Southern Ocean, icefish
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Natural History Museums all over the world harbor valuable biological collections, often including
specimens that predate major anthropogenic impacts on species or ecosystems. This holds particularly
true for the Antarctic fauna, which faces unprecedented rates of change in terms of warming, ice cover,
pollution, and exploitation in the past decades. Analyzing patterns of diet and gastrointestinal
microbiome patterns of historical samples can therefore provide important baseline data. Such results
can be compared to contemporary patterns, ultimately enabling predictions about possible future
responses to change. However, many museum samples pose challenges for molecular analysis due to
DNA degradation. Here, we evaluate a range of protocols aimed at recovering DNA fragments from
specimens preserved at least intermittently in formaldehyde. Cytochrome oxidase I (COI) and 16S
rRNA gene fragments from stomachs and hindguts of endemic High-Antarctic Trematomus fishes was
subsequently sequenced on a high-throughput platform. While quality and contamination control led to
high dropout rates, we successfully obtained microbiome data for up to 100 year old samples.
Revealing stomach content composition of historical fish samples with COI proved challenging and
requires further study. Microbiome variation correlates interspecifically with fish size, and only to a
small extent with year of catch. Facilitating such molecular analysis of museum samples holds great
potential to gain microevolutionary insights that can support ongoing Southern Ocean management and
conservation efforts.
Keywords: ancient DNA, trophic ecology, COI, 16S rRNA, museum collections
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To date, studies of the enzymes the marine isopod, Limnoria uses to digest the lignocellulose
complex found in wood have relied on transcriptomic data. These data have enabled us to
homology model and generate heterologously-expressed protein. X-ray diffraction studies of
crystallized heterologous protein have yielded atomic-level structures. In this presentation, we
review progress towards characterising proteins in their native state. Extracts of the
hepatopancreas luminal fluids of large numbers of the wood boring amphipod, Chelura were
subjected to gel filtration to separate out large proteins. Peaks from the gel filtration were further
separated into fractions using an ion exchange column. One fraction contained haemocyanin.
Other fractions were tested for cellobiohydrolase and beta-glucosidase activities, which
demonstrated fractions with cellulotlytic capabilities. Crystals of native haemocyanin were
obtained and a low resolution structure was obtained. Crystallization trials are under way for
other fractions. By characterising native proteins, the findings from recombinant proteins can be
validated and extended. Also the protein glycosylation that occurs within the organism can be
characterised. Glycosylation adds significantly to protein mass and alters surface properties,
potentially affecting activity.
Keywords: Isopod, protein structure, glycosylation
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Ascidians belong to phylum Chordata, the same group that contains vertebrate animals. On the
grounds of a distinct body plan, tadpole larvae and cellulose tunic ascidians (Class Ascidiacea),
are placed in Tunicata subphylum. According to the modern views Tunicata considered the
nearest sister group of vertebrates (Delsuc et al., 2006). Unique taxonomic position made
Tunicata a model group for studying chordate development (Passamaneck, Gregorio, 2005),
genome evolution (Denoeud et al., 2010) and horizontal gene transfer (Nakashima et al., 2004).
The new protein p26 from ascidian Styela rustica blood cells was described in the present study.
Full length homologues of p26 were found only in lower chordates and in one representative of
primitive multicellular animals Trichoplax adhaerens. Protein structure prediction demonstrated
presence of two distinct domains in all p26 homologues. Using HHpred search in PDB database
we showed the reliable similarity of C-terminal domain to L-alanyl-D-glutamate-peptidase of
bacteriophage A500. p26 homologues genes were screened for intron presence. It revealed the
existence of several introns characterized by nearly identical positions in all analyzed p26 genes
including that of T. adhaerens. Detailed analysis of Ciona intestinalis p26 introns uncovered a
specific nucleotide sequence that could be utilized by bacteriophage A500 for chromosome
integration. Taken together our data demonstrate that at least C-terminal domain of the p26 gene
originated from bacteriophage A500. It must have appeared in genome by means of horizontal
gene transfer probably at the stage of early multicellularity.
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Understanding connectivity patterns among marine organisms has become one of the most intensely
researched areas within the field of marine ecology. While population genetics is often the preferred
tool used to quantify connectivity, this method often assumes that dispersal is both (1) natural and (2)
follow traditional metapopulation models. In this study, we describe an interesting system along the
southern African coast, where consistent anthropogenic movement of an invasive aquaculture pest
(Polydora hoplura) has resulted in the dilution of phylogeographic signal and widespread genetic
connectivity along a ~2000 km coast. The implementation of high resolution oceanographic modelling
was instrumental in detecting anthropogenic movement since it provided a robust control for natural
dispersal. The implications of this project for the field of invasion genetics as a whole are also
discussed.
Keywords: Spionidae, Seascape, Aquaculture, Abalone, Polychaete
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case study of the brown seaweed Dictyota dichotoma
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Global climate change is affecting marine species, communities, and ecosystems worldwide.
While a tremendous effort has already been done to assess the impact of changing environmental
conditions on marine life, our understanding of how marine organisms will cope with predicted
environmental changes is seriously hampered by a lack of knowledge regarding their adaptive
potential under climate change. To address this issue, we aim to evaluate how populations of the
brown seaweed Dictyota dichotoma will respond to predicted changes in global climate. To this
end, we will collect algal individuals from several European populations, and study their
performance in relation to different levels of both single and multiple global change-related
stressors in the lab. This will allow us to obtain reaction norms for several fitness-related traits,
such as fertility, photosynthesis, and growth, as well as to evaluate population-level
diversification at the continental scale. In a second step, we will disentangle the mechanisms
underlying the observed responses into transgenerational plasticity, within-generational
plasticity, and evolutionary adaptation, using a combination of clonal experiments and parentsto-offspring studies. Finally, the combined information from eco-physiological experiments and
heritability assessments will be incorporated into mathematical models to simulate the response
of European Dictyota populations under different scenarios of environmental change.
Keywords: Climate change, acclimation, adaptation, fitness, Dictyota
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Species of Palythoa have been described and identified based on the morphology of polyps and
colonies, as well as on the development and shape of their sphincter muscles. Currently, at least 107
nominal species of Palythoa are mentioned in the literature. However, due to the heavy sand
encrustation as well as inter- and intraspecific variations in morphology of Palythoa species, the
taxonomy within this genus remains difficult and uncertain. To resolve taxonomic validity of nominal
species within Palythoa, a combination of molecular techniques and morphological assessments have
been utilized. We propose to build upon past studies and use a phylogenomic approach on 12 nominal
species of Palythoa. This will be the first attempt to examine phylogenetic relationships within the
genus using a reduced genomic approach. A phylogenetic tree of 12 nominal species of the genus
Palythoa identified by taxonomic experts have been created using the ezRAD method. Additionally,
because color, size, and polyp form have been used as characters in some taxonomic descriptions, we
will test whether color morphs or growth forms are representative of taxonomic distinctions or
variability within a species. This study aims to answer two questions: (1) Are nominal taxa supported
by evolutionary relationships among lineages of Palythoa identified using a phylogenomic approach?
(2) Are characters such as color, size or polyp form valid taxonomic characters for this group or
indicative of phenotypic variation within species?
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The genetic impact of farmed fish escaping aquaculture is a highly debated issue. However, nontarget species, such as cleaner fish used to remove sea lice from farmed fish, are rarely
considered. Here, we report that wild corkwing wrasse (Symphodus melops), which are
transported long distances to be used as cleaner fish in salmon farms, escape and hybridize with
local populations. Recently, increasing numbers of corkwing wrasse have been reported in
Flatanger in Norway, north of its described distribution range, an area heavily relying on the
import of cleaner fish from Skagerrak. Using genetic markers identified with 2bRAD sequencing,
we show that, although the Flatanger population largely is a result of a northward range
expansion, there is also evidence of considerable gene flow from southern populations in
Skagerrak and Kattegat. Of the 40 corkwing wrasses sampled in Flatanger, we discovered two
individuals with clear southern genotypes, one first-generation hybrid, and 12 potential secondgeneration hybrids. In summary, we provide evidence that corkwing wrasse escape from fish
farms and hybridize with local populations at the leading edge of an ongoing range expansion.
Although the magnitude and significance of escapees warrant further investigation, these results
should be taken into consideration in the use of translocated cleaner fish.
Keywords: Conservation, Population Genomics, Aquaculture, Translocation, Hybrid
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Coral reef organisms that disperse through larvae defy traditional views of speciation. These
ecosystems harbor paramount species richness, challenging models of speciation driven by
geographic isolation. Furthermore, the discovery of two hybrid zones in the tropical Indo-Pacific
indicates the need for an examination of the genomic, ecological and behavioral mechanisms
leading to hybridization and genomic introgression. To tackle these questions, we sequenced the
genome of the Pearlscale Pygmy Angelfish, Centropyge vrolikii (family Pomacanthidae), a
member of a complex of species with overlapping distributions, distinguishable by color
differences, and that extensively hybridize in the regions of overlap.
To construct the assembly, we combined overlapping shotgun read data, mate-pair and Chicago
libraries and four different genome assemblers. We produced eight different candidate genome
assemblies and compared them based on quality metrics. We found that the best candidate
assembly combined all four data types and had a scaffold N50 127.5 times higher than the
candidate assembly obtained from shotgun data only. Our best candidate assembly had a scaffold
N50 of 8.97 Mb, contig N50 of 189,827, and 97.4% complete for BUSCO v2 (Actinopterygii set)
and 95.6% complete for CEGMA matches. These contiguity and accuracy scores are higher than
those of any other fish assembly released to date that did not apply linkage map information,
including those based on more expensive long-read sequencing data.
Our analysis of how different data types improve assembly quality provides helpful information
to other researchers interested in generating de novo assemblies for their organisms of choice at
a time when genomic applications to evolutionary studies are becoming widespread.
Furthermore, the draft genome of the Pearlscale Pygmy angelfish will play an important role in
future studies of coral reef fish evolution, diversity and conservation.
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Malathion is an organophosphorus pesticide commonly used in the United States in agricultural,
public health, and residential settings to target and arthropods. The pesticide also affects nontarget organisms, such as estuarine crabs and may influence ecological interactions. In this
experiment, we evaluated the lethal and sublethal impacts of malathion on invasive
(Hemigrapsus sanguineus) and native (Eurypanopeus depressus) crabs. After 96 hours of exposure
to malathion we found that H. sanguineus had a higher LC50 than native E. depressus, 1935 ppb
and 707 ppb malathion, respectively. Furthermore, at low concentrations of malathion H.
sanguineus did not suffer sublethal, behavioral impacts while E. depressus did; H. sanguineus
exposed to control (0ppb), middle (32-64ppb), and high (100-256ppb) concentrations of
malathion did not alter righting behaviors, but E. depressus had significantly prolonged righting
times at middle and high concentrations. Our results suggest that malathion may negatively
impact native crab and that the invasive H. sanguineus is better adapted to habitats where this
pesticide exerts influences on the crab communities. Excessive use of the pesticide may promote
the invasion of H. sanguineus and even select for resistance in the crab.
Keywords: malathion, pesticide, Hemigrapsus sanguineus, Eurypanopeus depressus
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The existence of a vast number of species in the ocean is hard to attribute to the allopatric model of
speciation alone. Challenges to this model are apparent in cases in which populations are well
connected along great distances due to the lack of major physical barriers in the ocean. The abundance
of species in biodiverse hotspots like coral reefs is also hard to explain under this speciation model. It
is likely that other modes of speciation operate in marine systems lacking geographical barriers.
Ecological speciation can be one mechanism explaining species diversity in corals reefs. Corals from
the Caribbean genus Orbicella are an excellent example of this, as they tend to segregate by depth.
Orbicella colonies engage in mass spawning events releasing their gametes synchronously into the
water column. Orbicella spp. spawn at precise species-specific times, leading to reproductive isolation.
It is thought that the onset of darkness triggers timing mechanisms specific to each species. We have
used transcriptome data to assess the gene expression profiles of sympatric O. annularis and O. franksi
before, during, and after spawning in Bocas del Toro, Panama. Preliminary data indicate speciesspecific sets of differentially expressed genes operate, resulting in the same behavior (gamete release)
with minimal gene overlap with the exception of a circadian gene known to participate in heart
function in mammals. The study of prezygotic barriers operating during coral spawning can not only
enrich our knowledge of coral natural history but can also help to direct management efforts as they
pertain to light pollution during spawning seasons in coastal areas.
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Species in a common landscape often face similar selective environments, but may strongly differ in
their capacity and need to adapt to these environments. These differences might be reflected in a
differential distribution of adaptive variation across ecologically heterogeneous landscapes. In the
Belgian-Dutch lowlands, populations of two coexisting and phylogenetically related fishes – threespined and nine-spined stickleback – show similar phenotypic responses to environmental gradients,
yet differ markedly in the strength and nature of adaptive divergence. In particular, phenotypic
differentiation is accompanied by stronger adaptive genomic change in three-spined stickleback than in
nine-spined stickleback. Comparative landscape genomic analyses of the spatial and environmental
drivers of population divergence in each species revealed a stronger coincidence of isolation by
distance and isolation by adaptation in three-spined stickleback. Furthermore, analysis of variation in
diet, habitat use and trophic position revealed that three-spined stickleback is not only genetically, but
also ecologically more variable than nine-spined stickleback. Overall, our results indicate that both
species cope with landscape-level ecological heterogeneity in fundamentally different ways, whereby
natural selection probably targets three-spined stickleback more strongly than nine-spined stickleback.
This has consequences for the population dynamics and spatial distribution of each species, and thus
helps us to understand how landscape-level biodiversity patterns are moderated.
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that changes in response to ocean acidification?
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Ecological and evolutionary processes act on different levels of biological organization, but do
happen on a similar timescale and change and interact with one another. For a better understanding of
future community and ecosystem changes in response to environmental change it is of high importance
to gain substantial knowledge not only about adaptive evolution alone, but the relative importance of
ecological and evolutionary processes. This question has been mainly addressed in theoretical
approaches.
We present to the best of our knowledge the first empirical approach to assess the relative
importance of ecological and evolutionary processes during community change in response to ocean
acidification using an artificial marine phytoplankton community as model system. In a fully crossed
experimental design either ecological (species sorting) or evolutionary (genotype sorting) processes, or
both were manipulated to assess their relative importance on functional community responses, such as
community biomass and cell abundances. The community, consisting of Emiliania huxleyi and
Chaetoceros affinis with each nine genotypes with different plastic responses to ocean acidification,
was exposed to ambient and high CO2 conditions for 170 generations. Assessing the relative ecological
and evolutionary importance to community change after 50, 100 and 170 generations showed that
ecological processes drove changes at the start and evolutionary processes became more important with
time.
This empirical approach thus allows a detailed understanding of eco-evolutionary impacts for
functional community change. It further puts evolutionary adaptation in an ecological perspective. A
widespread use of this approach in diverse systems would likely improve the ability to understand and
predict the fate of communities undergoing change.
Keywords: Adaptation, community change, eco-evolutionary processes, environmental change,
relative importance
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Most research on the effects of anthropogenic transport on invasive species has focused on the
genetic patterns introduced range, in an attempt to understand post-invasion dynamics and
evolutionary consequences. Despite this, a thorough understanding of the genetic signatures in
the native range is required to accurately infer the identity of the source population, reconstruct
the history and routes of invasion, and test if anthropogenic transport is affecting the genetic
composition of the native range.
We studied the population genetics of the native range of a widespread invasive marine
invertebrate (Ciona intestinalis, Ascidiacea, Tunicata) with restricted natural dispersal
capabilities. This species readily fouls artificial structures and is prone to movement via
anthropogenic transport. We sampled 15 artificial habitats, collected 18-69 individuals from
harbours and marinas and used microsatellite markers to genotype them. The results revealed
highly disparate patterns. We identified low levels of genetic differentiation among sites
separated by both short and large geographical distances, demonstrating the homogenizing
effect of anthropogenic transport in the native range. We also identified significant genetic
differentiation between certain sites, suggesting additional factors such as natural dispersal or
premodern population structure besides anthropogenic transport may be shaping genetic
patterns.
Our results suggest that in the native range of a species that is readily altered through
anthropogenic means, a complex interplay between natural and artificial factors shape fine-scale
genetic patterns, with unpredictable genetic and evolutionary consequences. Urbanised regions
may promote an erratic signature of population connectivity, and may blur our ability to
correctly identify specific source populations. Taken together, the genetic study of the native
range is important to discern the prevalence of natural and artificial dispersal, and how this may
affect the natural genetic landscape within the native range.
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Body size is an important trait because it largely affects the fitness of an individual and its relation to
temperature has received intensive attention with concern over global warming. Most ectotherms share
a common phenotypic plasticity that maturation size gets larger at lower growing temperatures, which
is referred to as the temperature-size rule (TSR). However, there are two types of biases in the
approach for testing the accordance to TSR. One is the taxonomic bias, in which many studies target at
terrestrial holometabolous insects, probably because maturation size is easily measured from adult
specimens. The other is the methodological bias; i.e., whether the species is amenable to TSR is usually
checked by comparing the body size of laboratory-reared individuals among different constant
temperatures and few studies examine the extent to which temperature accounts for the body size
variation observed in the field. To overcome these issues, we focused on the relationship between
temperature and adult body size in intertidal cowries (Monetaria annulus). Cowries are particularly
suitable for this topic because they are determinate growers in the sense that body size never increases
after sexual maturation. In addition, we newly established an equation to estimate growing
temperatures from biogeochemical tracers of shells in this species; the Sr/Ca ratio positively and δ18O
negatively depend on the temperature at the time when calcification occurs. This method makes
possible to quantify the degree to which temperature accounts for the total size variability observed in
wild populations. In this presentation, we will show tentative results on our approach performed in
Okinawa, Japan.
Keywords: Strontium/calcium ratio, sable oxygen isotope, temperature-size rule, Monetaria annulus
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Understanding speciation in the presence of gene flow is challenging and requires a holistic view
of processes affecting genome variation at different stages of the process. Studying local
adaptation is a key to understanding selection driven genome divergence in the presence of gene
flow, a prerequisite for ecological speciation. A fundamental question in ecotype evolution is at
what geographic scale locally adapted alleles are shared among ecotypes and how this is affected
e.g. by gene flow, levels of standing genetic variation and geographic variation in selection
pressure. Divergence based approaches to identify locally adapted loci are limited in that they
are supervised i.e. groups between which divergence is estimated need to be predefined. Linkage
disequilibrium network analysis (LDna), on the other hand, is unsupervised and can identify
clusters of diverging loci among any possible groups of individuals in a population genomic data
set. Nine and three spined sticklebacks both exhibit polygenic adaptation to marine and
freshwater habitats across their distribution ranges in the Northern Hemisphere. However, the
nine spined stickleback, with lower effective population sizes and levels of standing genetic
variation, is expected to display more diverse patterns of adaptive divergence between marine
and freshwater ecotypes at comparable geographic scales as the three spined stickleback. I
explore how LDna can be used to identify contrasting patterns of genome divergence in order to
test to what extent loci are unique/shared at different geographical scales in population genomic
data from worldwide samples of these two fish species.
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(Fucus vesiculosus and F. radicans)?
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Adventitious branches are new tissue growth in plants and algae, often prompted by some stimulus or
damage. In Baltic Sea Fucoids, these branches are a central feature of their asexual recruitment but the
factors promoting their formation under both normal and hyposaline conditions are poorly
understood. In the brackish Baltic Sea, shedding of adventitious branches results in asexual recruitment
of new thalli in the seaweeds Fucus vesiculosus and the endemic Fucus radicans. Asexual reproduction
in Fucus is only found inside the Baltic Sea, and it has been suggested that it is triggered by the low
salinity and the accompanying problems related to sexual reproduction. We hypothesized that outside
the Baltic Sea, in normal sea salinity, the number of adventitious branches per individual would be
positively correlated with grazing pressure, while inside the Baltic Sea the number of adventitious
branches would negatively correlate with salinity. To test these hypotheses, we sampled Fucoid
populations inside and outside the Baltic Sea to assess the number of adventitious branches on each
alga. We used Structural Equation Modeling to determine which of eight predictor variables
(phosphate, nitrate, temperature, salinity, oxygen, grazing pressure, primary production, and size of the
Fucus thalli) best explained the prevalence of observed adventitious branches. We assessed Baltic Sea
populations separately from populations outside the Baltic; inside the Baltic Sea we also separated
clones from individuals of unique genotypes. Outside the Baltic Sea, phosphate and salinity were found
to have strong positive effects on the prevalence of adventitious branches whereas in the Baltic Sea,
salinity, temperature, and oxygen all had strong negative effects. There were more adventitious
branches on asexual algae, and strong variation between genotypes and populations. These results
suggest that brackish-water areas are better suited to asexual genotypes which respond to salinity
stress by releasing adventitious branches.
Keywords: Baltic Sea, North Sea, Macroalgae, Asexual reproduction
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Building on the ideas of Raup, we can construct models of snail shells using simple mathematical
principles involving a set of biologically descriptive growth parameters. This way of modelling
illustrates the construction process of the shells, and the growth parameters are therefore
expected to relate closely with the underlying genetics.
Two ecotypes of the species Littorina saxatilis have, as a result of strong natural
selection, maintained different shell shapes in distinct, adjacent environments. Being able to
determine and compare the growth parameters for these two ecotypes should provide a better
insight into the reasons behind the variability of shell shapes, and connect to the genetics and
selective pressures in their respective habitats.
Previous research has mainly used the variation of landmarks after Procrustes
alignment as the morphometric analysis, which can quantify the shape differences, but does not
give a good explanation of how or why they occur. Because of the substantial amount of data
available of this type, we have developed a method for inferring the growth parameters from
these landmarked images.
Applying this new method to samples collected across contact zones gives the result that
growth parameters differ between ecotypes and that snails from the hybrid zone show
intermediate values. This is consistent with the previous morphometric analysis, but should be
more informative from a developmental point of view. When making the upcoming genetic
analysis, we are going to investigate the performance of both shape characterization methods in
how well they relate to the genetic variation.
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Speciation is a gradual accumulation of differences leading to the reproductive isolation of
organisms. Lineages with partial reproductive isolation often co-occur and interact in specific
geographical location called hybrid zone. The Baltic Sea-North Sea hybrid zone represents a
classical example of such area for the marine environment. The Baltic Sea is connected to the
Atlantic recently (app. 20kyo), and show an important ecological gradient. Numerous example of
organism display a high genetic structure within this area (Johannesson & André, 2006). Here,
we used comparative population genomics with ddRAD sequencing to study the colonization of
the Baltic Sea by marine organism. We sampled populations along the environmental gradient for
4 different flatfish species: the european flounder (Platichthys flesus), the common plaice
(Pleuronectes platessa), the turbot (Scophthalmus maximus) and the common dab (Limanda
limanda). We obtained one dataset per species containing between 7521 and 19521 independent
SNPs. For each of them, the genetic differentiation between the populations from the North Sea
and populations from the Baltic Sea is highly heterogeneous. Fst varied between 0 up to 0.450.82 across the SNPs despite an average Fst relatively low (around 0.02 for all of the species).
The majority of the allelic clines between the divergent lineages are located along the eastern
Danish coast. Interestingly, in the case of the european flounder, three divergent lineages
occurred in the area and another hybrid zone seems to be located between the Northen and
Southern population of the Baltic Sea.
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Adaptive divergence and phenotypic plasticity are fundamental to understand the evolutionary
process. We characterized the genetic and the phenotypic differentiation in natural populations
of the Pacific oyster Crassostrea gigas from various altitudinal and vertical sites along the coast of
North China, where the regional variation in ocean temperature exists and the temperature
amplitude tends to be heterogeneous. Genome re-sequencing of 371 oysters revealed unexpected
fine-scale genetic structure that agrees well with dynamics of marine currents and phenotypic
divergence. Genomic regions possibly under selection were identified, and genes showing
sequence differentiation between populations also diverged in transcriptional response to heat
stress. Eleven traits ranging from morphological, physiological to cellular were measured on F1
progeny of collected oysters. The results showed that the oyster from the dynamic environments
exhibited significantly higher survival and higher oxygen consumption, while slower slower
growth rate than that from the relative stable environment. The genetic and the phenotypic
differentiation implied that the adaptive divergence among oysters from different environmental
condition. In addition, populations from the more variable environment exhibited more
pronounced plastic responses to high temperature as indicated by gene expression. And
plasticity in gene expression is positively correlated with evolved divergence, indicating that
plasticity is adaptive and favored by organisms under dynamic environments. It was suggested
that oysters in rapidly changing environments have higher adaptive potential. This study will not
only give new insights into the significant role of plasticity in adaptive evolution, but provide
basic information for oyster resources conservation and reef reestablishment in the context of
global warming.
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While plastic responses to ocean acidification (OA) have been quantified using transcriptomics
across many taxa, these responses are rarely connected to regulation of the calcifying fluid. In
oysters, the extrapallial fluid is the site where calcification occurs between the mantle and the
shell. We studied regulation of the extrapallial fluid in response to ocean acidification through
carbonate chemistry and transcriptomics. We found that the pH of the bivalve extrapallial fluid is
below that of ambient seawater, but that the saturation state in all treatments was greater than 1
due to elevated DIC. In undersaturated seawater conditions, oysters were able to regulate their
pallial fluid for 1-3 weeks. But after 90 days in undersaturated seawater (OA) conditions, the
saturation state of the extrapallial fluid was lowered compared to control conditions. We tested
the hypothesis that this inability to maintain saturation state was due to the inability to maintain
transcriptional regulation under consistent exposure to OA, and found a complex relationship
between transcription and extrapallial fluid regulation. Since we found that oysters experienced
undersaturated conditions in the field, our results have ecological relevance.
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Paedomorphosis is underestimated as one of the main drivers for speciation in marine invertebrates.
Here we present examples of this process in brackish-water living species of nudibranch molluscs.
Molecular and morphological data indicate that speciation among aeolidacean nudibranchs in brackish
water environments was triggered by paedomorphic evolution at least two times independently. There
are only a few known species of nudibranchs and other opisthobranchs living in brackish water
environment, and here we present the first described nudibranch species to be strictly brackish water
living. To date, this new genus and species of the family Cuthonidae has only been found in a very
restricted area in the Idefjord, bordering Sweden and Norway. The present discoveries have
transdisciplinary implications to several biological fields, including integration of molecular and
morphological data with phylogenetic and ecological processes and contributes to the understanding of
the evolutionary patterns and classification of the whole group Nudibranchia.
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Allozymes were among the first markers utilized in the study of genetic variation and population
genetics. However, they have been replaced by modern methods, first by fragment analysis and
Sanger sequencing and nowadays by next generation sequencing. Never the less some of the
allozyme polymorphisms identified are still among the most prominent examples of strong
ecological selection as is the case of Aspartate aminotransferase (Aat) in the periwinkle Littorina
saxatilis. There are strong differences in the frequencies of two alleles along a short vertical
gradient on rocky shores, with allele Aat 100 being dominant in the lower shore, near the water
and Aat120 in the upper splash zone. This pattern is repeated in many locations all over Europe
with the exception of the Iberian Peninsula were the gradient is reversed.
However, even if identification of allozyme genotypes using gel electrophoresis is relatively
simple, the underlying amino acid and DNA sequence and its variation remain unknown. This
study applied the Sanger sequencing to identify the nucleotide sequences of Aat alleles in L.
saxatilis. Using these sequences, we characterized Aat in the recent L. saxatilis draft genome.
Further, several recent genomic resources were used to in depth investigate this allozyme
polymorphism in other populations and Littorina species
Several non-synonymous mutations were identified between Aat 100 and Aat120 resulting in the
changes of polarity observed in the gel electrophoresis. Interestingly, Aat 120 from Spain differed
from the Aat120 from the rest of Europe, potentially explaining the observed differences in the
distribution gradient. In conclusion, the results from allozyme analysis are in concordance with
the results of the modern genomics methods, even if the later are able to detect much more
variation and allow for additional and much more fine-scale analysis.
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The marine snail Littorina saxatilis has repeatedly and independently evolved two ecotypes
differentially adapted to contrasting habitats all across northern Europe. Adaptive traits of the wave
ecotype include smaller, thinner shells, wide apertures and bold behavior to resist wave action. The
crab ecotype exhibit bigger, thicker shells, small apertures and wary behavior to avoid crab predation.
The two ecotypes are connected by extensive gene flow. While the main selective forces driving the
formation of the two ecotypes act in similar ways all over the species range, site-specific selective
pressures also operate. In earlier studies, highly differentiated loci between ecotypes were only rarely
shared across localities, suggesting that snails arrived to the same adaptive solution multiple times via
different genetic pathways. However, these studies focused on relatively small proportions of the
genome and were limited by the lack of genomic resources. Here we present the first whole-genome resequencing data for this species. Together with the recent generation of a linkage map and decades of
ecological and evolutionary studies, these data allow an unprecedented level of resolution in this study
system. We investigated the extent of sharing of the genomic basis of ecotype divergence across
multiple localities and countries (Sweden, France, Spain and United Kingdom). We show that multiple
clusters of elevated genetic differentiation and sequence divergence can be found all across the
genome, some corresponding to putative chromosomal rearrangements. However, not all of the clusters
contribute to differentiation in all localities. We investigate the genetic basis, population genomics
signatures and genomic architectures of shared and non-shared divergence to better understand the
evolutionary history of parallel local adaptation of ecotypes in Littorina saxatilis.
Local adaptation; parallel divergence; genome-wide; genomic architecture
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The intertidal snail Littorina saxatilis is a recently emerged model system for rapid divergence in the
presence of gene flow. In this species, phenotypically distinct ecotypes have repeatedly evolved in
response to wave exposure and crab predation gradients along the shores. Several studies applying
reduced-representation genome scans (RNA-seq, RAD-seq, Capture-seq) as well as a recent cline
analysis across a contact zone between the snail ecotypes revealed large numbers of potentially
differentiated loci. In addition, gene expression analyses showed highly differentiated expression
profiles of the two ecotypes. The next step in our understanding of divergence in this species is to put
these pieces together into a whole-genome picture. The L. saxatilis genome was sequenced de novo
using a combination of Illumina and PacBio technologies and annotated with maker pipeline. The draft
genome assembly has a size of 1.6 Gb, close to the estimated genome size of 1.35 Gb. The assembly is
fragmented (NG50 = 55Kbp) due to relatively high content of repetitive elements; however, it contains
79% of the reference metazoan proteins as complete and single-copy genes. Furthermore, half of the
genome content could be placed on a newly generated genetic map in 17 linkage groups, in agreement
with the haploid chromosome number in the species. To complement earlier reduced-representation
scans we conducted a whole-genome pool re-sequencing of the two ecotypes in three local populations.
All candidate loci were mapped to the genome draft to reconstruct the genomic landscape of the
ecotype divergence. We present the first results on the relative importance of different types of genetic
variation (SNPs, repetitive elements, chromosomal rearrangements and segmental duplications) in the
adaptive divergence of the snail ecotypes and function of genes involved in this process.
Keywords: Adaptive genome divergence, genomic landscape, Littorina saxatilis, genome assembly,
genome annotation
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Resolving the large-scale genetic structure of plankton populations is important to obtain
predictive understanding of their responses to climate change. Planktonic gastropods, and more
specifically shelled pteropods, have been the subject of intense research into the effects of ocean
acidification (OA) and are proposed as indicators to monitor impacts of OA on open ocean
ecosystems. However, few studies have reported on the presence and geographic extent of
genetically distinct populations or species, a key characteristic enabling local adaptation. If
pteropods can adaptively respond to changes in their environment, they may be more resilient to
changes in ocean chemistry than currently thought. We investigated morphometric and genetic
variation in two abundant shelled pteropod species (Heliconoides inflatus and Limacina
bulimoides) along basin-scale latitudinal transects (~35°N to 40°S) in the Atlantic Ocean. Using
mitochondrial (mtCOI) and nuclear (28S) sequence data, we show that there are strong and
persistent barriers to dispersal in both species along this transect. In H. inflatus, there is a species
barrier at 34°S coinciding with a known biogeographic transition, and a second barrier
separating populations in the most oligotrophic part of the southern subtropical gyre (at ~26°S).
Similarly, for L. bulimoides we find a strong barrier in the southern subtropical gyre (at ~17°S )
which probably represents a species barrier. This study illustrates how linking phenotypic,
genetic, and oceanographic information can provide insight into the adaptive potential of shelled
pteropods, and more generally, in marine plankton.
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The Indo-Pacific lionfish (Pterois spp.) invasion of the Northwestern Atlantic has had a
devastating impact on the invaded ecosystems. Despite being considered among the world’s
more critical conservation issues during the last decade, little genetic information about this
invasion process is available. In our study, we applied Genotyping by Sequencing techniques to
isolate single nucleotide polymorphic sites (SNPs) from 162 lionfish samples collected between
2013 and 2015 from two areas chronologically identified as the first and last invaded areas in
USA waters: the east coast of Florida and the Gulf of Mexico. We used population genomic
analyses, including phylogenetic reconstruction, Bayesian clustering, genetic distances,
Discriminant Analyses of Principal Components, and coalescence simulations for detection of
outlier SNPs to understand genetic trends relevant to the lionfish’s long-term persistence. We
isolated 1,220 SNPs, 13 of which were considered as candidate SNPs under positive selection
(outlier SNPs). We found no significant differences in genetic structure or diversity between the
two areas analyzed (FST p-values > 0.01, and t-test p-values > 0.05), either using neutral or outlier
SNPs. In fact, our genomic analyses showed genetic homogeneity, with enough gene flow
between the east coast of Florida and Gulf of Mexico to erase previous signals of genetic
divergence detected between these areas, secondary spreading, and bottlenecks in the Gulf of
Mexico. Our findings suggest genetic changes over space and time during this rapid invasion,
with no signs of divergence due to local adaptation or demographic events, and resulting in one
panmictic population.
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The sub-tropical sea urchin, Arbacia lixula, is among the main barren-forming species in the
Mediterranean Sea, which colonized this marine area during the last interglacial period. Recent results
suggested a positive effect of global warming on its reproduction success, and hence a worrisome
increase in its abundance. In this study, we explore the molecular machinery involved in the response
to thermal stress of this relevant sea urchin with the aim of understanding its potential performance
under temperature shifts. We quantified gene expression responses using RNA-seq techniques under
thermal stress considering the magnitude of the transcriptomic responses as a measure of the organism
performance. We exposed individuals to three different treatments, with six replicates (individuals) per
treatment, and set up two different experiments for 20 hours: a “cold experiment” including 13˚C
(control) versus 7˚C; and a “warm experiment” including 13˚C (control) versus 22˚C. We then
compared transcriptomic patterns between treatments and experiments using the de novo assembly of
A. lixula transcriptome as a reference. The “cold experiment” showed 1,181 transcripts differentially
expressed (DE) between treatments (adjusted p-value < 0.01), being 720 up-regulated and 461 downregulated at 7˚C. Out of the 1,181 DE transcripts, only 37.7 % had a known function. For the “warm
experiment” only 179 transcripts were DE, being 57 up-regulated and 122 down-regulated at 22˚C. Out
of the 179 DE transcripts, only 19.7 % had a known function. Fourteen DE transcripts were common
between experiments having opposite responses. Our results demonstrate a much higher response to
cold temperatures in A. lixula, hence increasing the concern about the potential negative impacts of the
species due to a better performance under a scenario of global warming.
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The domesticated baker's yeast shows twice the phenotype polymorphism despite possessing half the
single nucleotide polymorphism of its closest relative (Warringer et al., 2011). We hypothesized that
this seeming contradiction was due to a disproportionate contribution to trait variation from
chromosomal rearrangements, leading to gene presence/absence and gene copy number variations in
accessory genes. Supporting this hypothesis, such polymorphisms have recently been found to be much
more frequent in the domesticated baker’s yeast (Bergström et al., 2014, Yue et al., 2017) with 30% of
QTLs mapping to subtelomeric regions (Cubillos et al., 2011). We evaluated this hypothesis using a
reverse genetics approach. First, we mimicked subtelomeric gene presence variants by deleting
accessory genes in strains where they were present. Second, we mimicked gene duplications by
inserting an extra copy in a strain where the gene was naturally present in a single copy. Third, we
mimicked SNP based allele variants using pairs of diploid hybrids that were reciprocally hemizygotic
for particular allele pairs. We exhaustively explored the effect of each genetic variation on growth rates
across >100 different environments, using a high resolution growth phenomics platform and a
randomized well replicated design. Establishing growth rate distributions of each class of genetic
variation, we found each subtelomeric gene presence/absence variation, but not each gene duplication,
to contribute more to trait variation than SNP based differences between allele pairs. We conclude that
subtelomeric gene presence/absence variation have a disproportionate influence on fitness associated
trait variation, and presumably evolution and natural adaptation. Because of the challenges of
assembling low complexity subtelomeres, this variation will escape detection in GWAS and linkage
associated studies unless long read sequencing is employed and may contribute substantially to missing
heritability.
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As part of CeMEB’s Infrastructure for MArine Genetic model Organisms (IMAGO) initiative, the
chain-forming centric diatom Skeletonema marinoi is being developed into a model organism for
marine evolutionary biology. In addition to being easy to collect and maintain, it possesses the
ability to survive as a resting stage in the sediment for up to a century, a state from which it can
be revived and cultured. This means that it can serve as a time capsule, allowing us to compare
the phenotype and genotype of these older populations with their contemporary counterparts.
Many projects are currently underway to investigate S. marinoi, such as comparing different
strains’ responses to a changing environment, and investigating the diatom microbiome. Genome
and transcriptome sequencing of several strains is also being performed, allowing for
investigation of genomic and phenomic differences between strains adapted to various
environmental conditions.
The reference genome of S. marinoi strain RO5AC, a strain taken from Öresund, Sweden, is
currently being analysed. Using PacBio long read sequencing to generate an assembly, followed
by corrections performed using Illumina short read data, the current version of the S. marinoi
genome assembly contains 601 contigs and 94 Mbp. The genome size is estimated to be 60 Mbp
using k-mer analysis, and the difference in genome and assembly size is accounted for by repeats
and heterozygosity. Efforts to annotate this corrected genome sequence are currently underway.
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Investigating the history of natural selection among closely related species can help delineate
how genomes diverge in response to disparate environmental pressure, and how these
evolutionary outcomes may affect ecologically important traits such as species’ distribution
limits and invasive success. Here, we integrate transcriptome-wide sequence data with a priori
knowledge of genes and gene functions associated with temperature adaptation to assess the
contributions of thermal selection to the divergence of the warm-tolerant and invasive marine
mussel Mytilus galloprovincialis, from three cold-tolerant, non-invasive Mytilus congeners. We
combine codon model tests of molecular evolution with polymorphism and divergence data to
infer whether signatures of positive selection for species divergence correspond to lineagespecific shifts in warm-temperature tolerance in M. galloprovincialis. Transcriptome-wide
analyses revealed evidence that the strongest signatures of positive selection in M.
galloprovincialis fall within a small set of loci involved in protecting the cell from oxidative stress,
primarily though pathways regulating sulfur metabolism. Consistent with our predictions, these
selective targets are in accordance with gene functions strongly associated with species-specific
responses to thermal stress in physiological studies. Furthermore, we find a small subset of
known candidate genes for thermal tolerance under positive selection that share functional
similarities with loci exhibiting the strongest evidence of positive selection in our transcriptome
survey. These findings provide molecular evidence consistent with a contribution of
temperature-dependent selection in the divergence of warm-adapted and cold-adapted Mytilus
species. Our results also support the hypothesis that differential strategies in coping with
intracellular reactive oxygen species are an important factor explaining differences in thermal
limits among Mytilus congeners that may mediate their different propensities for invasiveness.
Keywords: Invasive species, positive selection, Mytilus, divergence, thermal tolerance
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To understand the genomic basis of ecological divergence in the marine snail Littorina saxatilis,
we analysed 40000 loci from 400 individuals sampled across a hybrid zone in Sweden. For each
individual, its geographic position in the hybrid zone was recorded and from this the variation of
the SNP frequency along the hybrid zone could be simulated. The results showed that a large
proportion of all SNPs exhibited a clinal pattern. The clinal variation may indicate SNPs under
selection, but, alternatively, loci may show clinal patterns due to barriers to gene flow for neutral
SNPs. Indeed, neutral and selected loci may be difficult to separate only based on their clinal
patterns. However, gene flow barriers are expected to have only weak and temporary effects on
neutral loci that are unlinked to any selected locus. Having this in mind, we developed a new
method utilising the spatial information contained in the hybrid zone sampled to separate SNPs
under selection (candidate loci) from neutral loci unlinked to any selected loci. The method
distinguishes between clines formed by candidate SNPs having significantly high variance
explained by a clinal model (cut-off value determined by computer simulations) from clines
formed by neutral SNPs. Importantly, this new method is more powerful than earlier methods
based solely on the FST statistics. Indeed, while 70% of the candidate SNPs we identified had high
FST, the remaining 30% had low FST and would not have been discovered using traditional
approaches. Conversely, a large number of loci tested had high FST, but their spatial patterns were
not consistent with a cline (but would have been suggested outliers with traditional methods). In
conclusion, our new method is a significant step forward in identifying loci under selection in
hybrid zones.
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Wood entering the ocean from land eventually sinks to the deep-sea floor where it constitutes
unusually reach deposits of organic matter. These so-called wood-falls become attractive habitats
for a variety of organisms from bacteria to macroinvertebrates. In particular, the bivalves
Xylophagainae bore into sunken wood using it as primary source of nutrition. Little is known
about their distribution and the connectivity among populations. We deployed wood to capture
associated species in ten sites of the northern Atlantic and the Mediterranean (900 -2000 m
depth). The aim was to combine morphological and molecular analyses to identify wood-boring
deep-sea bivalves and to study their biogeography in European waters. We used mitochondrial
and nuclear markers (cytochrome c oxidase subunit I (COI) gene and the ribosomal genes 18S
and 28S rRNA) to identify the specimens and to examine their phylogenetic relationships with
the families Pholadidae and Teredinidae. The combined analysis of the genetic markers achieved
the best phylogenetic resolution and provided consistent topologies both over the BI and ML
phylogenetic methods. We identified seven species of Xylophagainae that co-occurred at several
sites. While most of them were widely distributed, covering large ranges of depths and
temperatures, others were found only at some locations. The COI marker revealed a potential
new species collected in northern Spain. This species is morphologically similar to Xylophaga
atlantica, but the phylogenies discerned two sister clades separated by a K2P distance of 13.26, a
value that greatly exceeds intraspecific K2P distance in other Xylophagainae (1.08). The COI gene
revealed a continuous gene flow for X. dorsalis, as well as considerable genetic divergence and
potentially limited connectivity between the Mediterranean and the Atlantic for X. brava and X.
atlantica. Our results lead to new insights on the diversity of Xylophagainae and on their
connectivity and the complexity of their dispersal abilities.
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Migratory life-history strategies have evolved across many species of marine fishes as a means of
reducing predation and increasing access to food sources. The evolution of both migratory and resident
life-history strategies have been observed within many populations of Atlantic cod (Gadus morhua)
and recent molecular work has uncovered that these are genetically distinct forms (i.e. ecotypes) of the
species. These ecotypes may not appear to be genetically different subpopulations at neutral genetic
markers due to their reproductive isolation being relatively recent, but they do show genetic differences
at the “causal” genetic loci that have effects on behavior, growth, and other phenotypic differences.
Although research has been carried out to identify regions in the genome that may be responsible for
ecotype divergence, few studies have attempted to link the underlying genetic basis to both phenotypic
traits and environmental conditions to identify potential adaptations between ecotypes. Using a newly
published sequencing method Expressed Exome Capture Sequencing (EecSeq), we sequenced the
exome of individuals from three groups from within the US Gulf of Maine: coastal resident red cod,
spring-spawning nonresident olive cod and winter-spawning nonresident olive cod. To characterize the
environment experienced by each individual, data from each sampling location was collected including
temperature, salinity, dissolved oxygen, pH and turbidity. Phenotypic data was also recorded for each
individual including body morphology, gill raker counts, color, condition index, and gonadosomatic
index. Using these data, we were able to compare genotypic frequencies to both environmental
variables using gene-environment associations and physical traits using genotype-phenotype
associations. These analyses produced interesting and complex relationships between genotypes and
traits potentially under divergent selection in Atlantic cod ecotypes.
Keywords: Atlantic cod, fine-scale evolution, population genetics, genotype-phenotype association,
gene-environment association
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Sponges (Porifera) are an evolutionarily ancient metazoan phylum with a fossil record dating back to
the Precambrian. Their associated microbial communities are host species-specific and stable over
space and time. Thus, the sponge-microbe association (termed “holobiont”) can provide valuable
insights into ancient mechanisms of host-microbe interactions. While a growing body of –omics data
has shed light on the composition and functional gene repertoire of bacterial symbionts, very little is
known about the host side of the interaction. Therefore, we aim to develop the small and culturable
breadcrumb sponge Halichondria panicea from the Baltic Sea into an experimentally tractable model
system. The response of the sponge-host towards different bacteria will be investigated in vivo by
combining experimental physiology with molecular approaches. First genomic and transcriptomic data
revealed genes encoding for potential immune receptors that are similar to mammalian receptors. We
investigate the involvement of proteins with a Toll/interleukin-1 receptor homologous (TIR) domain in
recognition of MAMPs via homologous expression in vitro. This information will give insights into the
evolution of the poriferan innate immune system which provides the mechanistic basis for hostmicrobe-interactions within the sponge holobiont.
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The Molluscs constitutes one of the most diverse animal phyla, and they have evolved calcified
exoskeletons, shell. Current high levels of CO2 leads to ocean acidification, and it affects for molluscan
shell development. In fact, many previous studies have reported their phenotypic effects by ocean
acidification, but the genetic response remains unclear. Thus we sought to understand not only the
phenotypic effect but also the effect of gene expression pattern under the aragonite under-saturated
seawater using sea butterfly Limacina helicina. We seek to identify their phenotypic effects using their
aragonite shell density that calculated by the Microfocus X-ray CT. Besides, we have performed
RNAseq and especially focused on the shell-related genes expression. We found significant shell
damages under the aragonite under-saturated seawater culture conditions. On the other hand, some
shell related genes expressions that are also cording the shell matrix proteins (SMPs) were up regulated
under this condition, and we found some rudiments of shell repair in this condition. These results

suggest that L. helicina are possibly to have adaptive potential against the future ocean
acidification.
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Porifera maintain a great diversity of symbiotic microorganism that in many cases can comprise the
40% of their biomass. Concerning their ecology and evolution, we may wonder how sponge holobiont
co-adapt under different environmental conditions. The present study attempts to characterize the
microbial communities associated with two families of dictyoceratid sponges from different locations
in the Mediterranean Sea. Species under study are Spongia officinalis and Hippospongia communis
(Spongiidae), as well as Ircinia oros and Sarcotragus spinosulus (Irciniidae). Specimens of Spongia
and Hipospongia originated from two distinct populations from the Eastern Mediterranean (Crete and
Sporades) as well as a third one from the Western Mediterranean (Marseille). Ircinia and Sarcotragus
species originated from the same Eastern Mediterranean location (Crete). Specimens were analyzed for
their microbial composition using 16S rRNA amplicon sequencing (NGS-454FLX). Altogether, 21
bacterial and 2 archaeal phyla were detected from all sponge species. The most dominant bacterial
phyla were Proteobacteria, Acidobacteria, Chloroflexi, ‘Poribacteria’, Actinobacteria, and
Deferribacteres, followed by Bacterioedetes, Gemmatimonatedes, Nitrospirae, Spirochaetes and
Verrucomicrobia.
Similarity comparisons of microbial communities at the phylum and phylotype level showed that the
microbial communities of the two distinct S. officinalis and H. communis populations from the Eastern
Mediterranean were more closely related to each other compared to population from Western
Mediterranean. While the microbial communities exhibited a level of similarity among the studied
species at the phylum level, the OTU composition generally followed the hosts’ taxonomic distinction.
The most distinctive sponge symbiont microbial community was that of I. oros, which also showed the
highest diversity. While our results are in consistence with the acknowledged notion that different
sponge species contain distinct microbial communities, geographic subdivision appeared to evoke
differentiation of the microbiota of conspecific hosts, as is evident in the differentiation of the
communities of Western and Eastern Mediterranean S. officinalis and H. communis.
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Lake Mogilnoe (Kildin Island, the Barents Sea) is a small (0.11 km 2) anchialine lake, a refuge for
landlocked populations of marine organisms, in particular Mytilus edulis. According to
preliminary data from 2000s the majority of mussels in the Lake were “mitochondrial males” i.e.
had both female (F) and male (M) mitochondrial DNA (mtDNA), which is strange. In Mytilus
females are usually homoplasmic (F), males are heteroplasmic (F, M) while sex ratio in
populations is close to 1:1. To describe the phenomenon more thoroughly we performed
additional investigation. Mussels collected from the Lake and from the adjacent Sea in 2015 were
sexed histologically. F- and M-mtDNA were identified. MtDNA variation in samples was assessed
by sequencing rnl-VD1 regions of both genomes and nuclear DNA variation - by 87 biallelic SNPs.
By the presence of eggs or sperm in gonads, among 50 studied marine mussels 25 were females
and 25 were males. Among 48 lacustrine mussels 36 were males (75%), which is in accordance
with earlier observations. Disagreement between physiological and “mitochondrial” sex was
recorded for a few mussels only. At both mtDNAs, gene diversity was ~25% lower in the Lake.
However, no consistent differences at SNPs were recorded. Our original hypothesis explaining
the extraordinary sex ratio in lacustrine population was the loss of “sonless” allele of a major sexratio nuclear gene due to drift (females with alternative “son-present allele” just has 60-80%
sons on average, Yusa et al. 2013). Since the population does not look severely bottlenecked this
hypothesis is probably wrong. Other hypothesis is that selection in the Lake may favor some
minor male sex-determining genes to compensate sperm limitation in population with low
density.
This work was financially supported by RFBR grant 16-04-00723 А.
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Chronic exposure to sub-lethal concentrations of benzophenone and
diclofenac influence DNA methylation levels and reproductive success in a
marine copepod
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Presenter contact details: kirsty.smith@cawthron.org.nz, Phone: +64 3 548 2319.
The UV-filter benzophenone and the anti-inflammatory drug diclofenac are commonly detected in the
environment and are classified as emerging contaminants. The aim of this study was to assess the
effects of chronic exposure to low concentrations of benzophenone and diclofenac on toxicity and
DNA-methylation in the pelagic copepod Gladioferens pectinatus. Copper was used as a reference
toxicant. Acute toxicity tests were conducted to determine the sensitivity of G. pectinatus to the test
chemicals. The ranking EC50 values were copper (0.038 mg.L-1) < benzophenone (1.51 mg.L-1) <
diclofenac (15.66 mg.L-1). All exposures over a multigenerational timescale impacted breeding,
hatching and egg viability. The diclofenac exposure (1 mg.L-1) resulted in a reduction of the number of
eggs per gravid female. The benzophenone exposure (0.5 mg.L-1) decreased egg hatching success. The
copper exposure (0.02 mg.L-1) induced malformations of the egg sac resulting in unsuccessful
hatching. To assess DNA methylation modulated by exposure to contaminants, the percentage of 5methylcytosine in animals from control and toxicant treatments was estimated using enzyme-linked
immunosorbent assays. G. pectinatus displayed strong differences in DNA methylation in response to
treatments. Specifically, there was an approximate doubling of methylation in animals from the
toxicant treatments in comparison with the ambient controls. The two toxicants impacted both egg
viability and the induction of differential DNA methylation, indicating potential intra- and transgenerational evolutionary effects.
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Local adaptation, where fitness in one environment comes at a cost in another, should lead to
spatial variation in trade-offs between life history traits and may be critical for population
persistence. Recent studies have sought genomic signals of local adaptation, but often have been
limited to either laboratory populations or ecotypes representing two environmental extremes. A
hallmark of local adaptation however are clines that are established along shallow environmental
gradients. Here we study clinal local adaptation using gene expression as a proxy for fitness, in
males of Drosophila subobscura, occupying a 20° latitudinal and 11°C thermal range, sampling six
populations along an environmental cline. We examined responses in both common garden and
semi-natural conditions, including reciprocal transplants, to identify signals of local adaptation.
We found
contrasting patterns of gene and tissue expression investment in metabolism and reproduction
across the cline. When using only the end populations, to compare our results to previous
studies,
we found that locally adaptive patterns were mis-identified; sampling at lower geographical
resolution, as typically is done, may obscure patterns of local adaptation and identification of
trade-offs to shallow environmental gradients. Local adaptation is also obscured due to patterns
of counter-gradient
variation that we identified in reciprocal transplant data. While phenotypic trade-offs between
metabolic and reproductive functions across widespread species are well-known, our results
identify underlying genetic responses that both concur and conceal patterns of local adaptation
at
a high resolution continental scale. These results may contribute to understanding population
persistence under environmental change. Future work will need to identity the genomic
architecture that contributes to local adaptation along this shallow environmental gradient.
Keywords: Local adaptation, trade-offs, counter-gradient variation, gene expression
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Massively parallelized experimental evolution reveals pervasive genetic
assimilation of early non-genetic adaptation
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(2), Stig Omholt (5), Jonas Warringer (2)
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Norwegian University of Life Sciences, Aas; (2) Department of Chemistry and Molecular Biology,
University of Gothenburg, Gothenburg; (3) Centre for Biodiversity Dynamics, Department of Biology,
Norwegian University of Science and Technology
(NTNU), Trondheim; (4) Institute for Research on Cancer and Aging, Nice, CNRS, IRCAN, Université
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Understanding the causality of clonal adaptation is challenging, yet imperative to combat drug
resistance in cancer and infection. We evolved 9216 populations of S.cerevisiae in 8 distinct
environments for approximately 220 generations, carefully tracked population sizes and
extracted the fitness proxy population doubling time as a function of evolutionary time. We found
that adaptation to tryptophan use, superoxide generation and rapamycin exposure showed a
consistent, early adaptation that was difficult to explain in terms of the established mutation
target sizes. In particular, all populations experiencing superoxide stress dramatically improved
within 2-6 generations, much faster than plausible Neo-Darwinistic explanations. Furthermore,
in all populations in these three environments, withdrawal of the selective pressure at this early
stage was followed by rapid (4-8 generations) and complete loss of the early adaptation, despite
no or only marginal counter selection. Remarkably, the early non-heritable adaptive gains were
consistently assimilated as fully heritable, permanent gains under prolonged selection, although
the timing of this assimilation varied dramatically between populations. Rapamycin showed a
small (>1%) fraction of populations ending up with extreme, fully heritable adaptive gains. We
show that these extremes can be understood in terms of a highly skewed distribution of fitness
effects, where a small number of very positive mutations in the tiny FPR1 gene accounted for the
abnormal, permanent adaptive gains. Overall, we found permanent adaptive gains to coincide
with widespread and recurrent chromosome duplications in almost all environments. Our
findings suggests that the early stages in clonal adaptive trajectories to many selective pressures
are explained by near deterministic non-genetic adaptation that later is genetically assimilated
by stochastic de novo mutations.
Keywords: Experimental evolution, Epigenetics, Evolution, Adaptation
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The complete plastid genome of the emerging brown algal model Dictyota
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Brown algae are a prominent and diverse, yet largely unexplored, group of multicellular organisms.
Along with their rising value as a commercial resource, brown algae have emerged as excellent model
organisms in recent years. In particular, the genus Dictyota has been considered as a plausible
candidate for genomic research, mainly due to its tractability in laboratory and the high abundance and
ecological role in marine benthic communities in tropical and temperate ecosystems. Here, we report
on the complete chloroplast genome (cpDNA) of Dictyota dichotoma and compare it with the few
brown algae cpDNAs available thus far, including representatives of the orders Dictyotales,
Ectocarpales, Fucales and Laminariales. The size of the circular cpDNA of D. dichotoma was 122,998
bp, with an inverted repeat (IR) of 5,444 bp long that contained the rpl21 gene, in addition to the core
rrn5-rnl-trnA-trnI-rns gene cluster. The D. dichotoma cpDNA comprised a total of 138 protein-coding
genes, 28 tRNA genes, 6 ribosomal genes and two conserved ORFs. An intron was identified in the
trnL2 gene, which encodes tRNA-Leu. Reduced intergenic spacer regions and eight pairs of
overlapping genes made the D. dichotoma cpDNA the smallest and most compact plastid genome in
brown algae up to date. Gene content and genome organization were highly conserved at the order
level, however variations among orders were detected mainly as a result of expansion and contraction
of the IRs, gene loss, and size of intergenic spacer regions. Our results provide further insights into the
evolution of chloroplast genomes and evolutionary relationships in brown algae.
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Comparative analysis of salmonid genomes illuminates selection on gene
duplicates post whole genome duplication.
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University of Life Sciences, Ås NO-1432, Norway, (3) Faculty of Chemistry, Biotechnology and Food
Science, Norwegian University of Life Sciences, Ås NO-1432, Norway, (4) Umeå Plant Science Centre,
Department of Plant Physiology, Umeå University, Umeå, Sweden, (5) Biomedical Informatics
Research Group, Department of Informatics, University of Oslo, Oslo NO-0316, Norway.
Presenter contact details: srinidhivaradharajan@ibv.uio.no, Phone : +4745058507
Genome doubling events have played a significant role in the evolution of vertebrate genomes as
the resulting functional redundancy is believed to provide a raw material for evolutionary
innovation. Early vertebrates are known to have undergone at least two rounds of whole genome
duplications (WGD), with an additional third round in the teleost ancestor ~320 million years
ago (MYA). A more recent fourth round of WGD occurred in the ancestor of salmonids ~80-100
MYA, following which speciation preceded complete cytological rediploidization (progressive
return to the diploid state), making salmonids an exemplary system to investigate the
evolutionary consequences of WGD.
We generated a 1.48 Gb draft assembly of European grayling (Thymallus thymallus) genome, a
member of the earliest diverging salmonid lineage, and used this novel resource to understand
the importance of selective forces on the evolution of genome regulation following WGD.
Comparative analysis of gene expression data from grayling and Atlantic salmon reveals that a
large proportion of brain and neuron related duplicates have maintained conserved tissuespecific expression patterns over 60 million years of independent evolution after the basal split
in Salmonidae. We also identified groups of duplicated genes showing expression evolution
suggestive of adaptive divergence predating the grayling-salmon split (>60 MYA) and many cases
of more recent lineage-specific regulatory divergence. Our results demonstrate that selection is
important in shaping genome function post-WGD in salmonids and highlight potential differences
in selective pressures on distinct biological functions.
Keywords: Genome assembly, grayling, Atlantic salmon, Rediploidization, lineage-specific ohnolog
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Genomics and phenomics of the marine yeast Debaryomyces hansenii
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Debaryomyces hansenii is one of the yeast species most frequently found in seawater samples.
Due to its ability of growing at very high concentrations of NaCl, D. hansenii has been used as a
model organism for understanding salt tolerance mechanisms on eukaryotic cells. Furthermore,
because of its genetic heterogeneity and the ambiguous taxonomical classification surrounding
the species related to D. hansenii, new approaches based on whole genome sequencing
technology and phylogenetic analysis have been applied to improve the species delineation as
well as to understand evolution mechanisms within the hemiascomycete yeasts.
The purpose of the present study was to assess the genetic diversity of D. hansenii strains with a
wide geographic distribution and from various sources and to quantify variations in their
response to various environmental conditions including different types of salt and osmotic
stresses. The final aim is to establish genotype-phenotype correlations between genes and genevariants associated with the unusual high stress tolerance of this species.
Genomics and high-resolution phenomics approaches were combined to analyze seventeen
yeasts strains, from international collections, originally classified as D. hanseni. In this work we
report on the main outcomes of the genomic analysis including: the correct identification of three
strains which were wrongly identified as D. hansenii, the identification of the diploid/hybrid
nature of two of the isolates and a phylogenetic analysis based on 3000 orthologous groups of
identified genes. Furthermore, we present the clustering of the strains based on their phenotypic
variation resulting from around 130 physiological traits obtained during growth under
approximately 40 environmental conditions. Particularities of some strains in relation to their
growth performance under salt conditions in combination with other type of stresses are
highlighted in reference to candidate proteins (and its variants) responsible for the extreme
halotolerant nature of this species.
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A chromosome-scale hybrid genome assembly of a non-marine model
organism (Apis mellifera)
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Long-read sequencing technologies produce data that span repetitive DNA and are now rapidly
improving the quality of genome assemblies in both model and non-model species. Here we use a
combination of three cutting-edge sequencing technologies to generate a new genome with
unprecedented contiguity for the Western honeybee. We first generated contigs from PacBio
libraries and successively scaffolded and gap-filled the data using 10X Chromium linked-reads
and BioNano optical maps. This hybrid approach allowed us to integrate 10% more sequence
into the genome and produce chromosome-scale contigs and scaffolds with 100-fold higher
contiguity than previous assemblies (N50 = 5.170 Mbp vs. 0.053Mbp). Much of the improvements
come from incorporating repetitive DNA that was not possible to place with short reads. We find
that the hybrid assembly tend to contain longer matches against many repeat motifs than
previously, suggesting they are more accurately assembled. The hybrid assembly now includes
hundreds of AvaI repeats in up to 15kbp long arrays, and label previously unplaced centromeres.
These centromeric repeats are embedded in low-GC/low-recombination heterochromatin that is
enriched for DNA transposons. We recover highly contiguous telomeres at the ends of most
chromosomes. Hundreds of AluI repeats are anchored to short-arm telomeres, which tend to
overlap with centromeric regions in most chromosomes. At the opposite tips, on the long arms,
we recover subtelomeres that are joined to up to 10kbp of telomeric TTAGGs and variant repeats.
Together, these improvements allow us to unify the honeybee karyotype as seen in the
microscope with genome sequence. We re-assess the breakpoints of two major structural
variants associated with environmental adaptation using the new genome sequence. Our hybrid
assembly demonstrates what can be achieved with a combination of modern sequencing
technologies and how they opens up genomes to new analyses of structural and functional
diversity.
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Combining hybrid zone analysis with genomic data is a promising approach to understanding the
genomic basis of adaptive divergence and speciation. It allows for the identification of genomic regions
underlying reproductive barriers, and enables deeper insights into genotype-phenotype associations and
spatial patterns of selection than standard genome scan analyses. We have applied this approach to the
marine snail Littorina saxatilis, which contains two distinct and partially isolated ecotypes, adapted to
wave-exposed vs. high-predation habitats. Analysing a hybrid zone on the Swedish west coast in detail,
we have identified potentially selected SNPs often not detectable by genome scans. Most of these SNPs
are located within three large genomic regions with high levels of linkage disequilibrium, likely
reflecting genomic rearrangements. The existence of numerous similar hybrid zones in L. saxatilis
offers the opportunity to test for the repeatability of genomic architectures underlying divergence.
Analysing six additional hybrid zones, we demonstrate that the putative rearrangements play a role in
divergence in all these zones. However, spatial patterns of rearrangement frequencies are complex. We
discuss the effects of balancing selection (with different optima at the cline ends), environmental
factors and population densities.
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Population surveys are an important tool for the assessment of the effectiveness of protected areas, but
may be problematic in marine environments, where short-term migrations of animals can lead to biased
inferences of population-level change. Ria Formosa in southern Portugal was once home to one of the
largest populations of seahorses in the world, but census data suggest that populations in this region
have declined by almost 95% over the past decade, a dramatic population collapse attributed to a
combination of habitat loss and coastal warming. Using a unique sample of animals from before,
during, and after this demographic event, we evaluate the genetic signature of this apparent population
collapse. and assess its consequences for the long-term persistence of seahorses in this region.
Keywords: Conservation Genetics, Effective Population Size, Marine Conservation, Population
Bottleneck
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The changing climate will lead to an increase of seawater temperature and river inflow in the following
century according to climate model projection. The increased runoff will bring large amounts of
allochthonous dissolved organic matter (Al DOM) into the sea, where this recalcitrant OM may mix
with more labile autochthonous dissolved organic matter (At DOM), then leading to the change of
DOM composition in the marine ecosystem. DOM, principally as organic carbon, is a fundamental
energy source for microbial metabolism and is a very important driver for shaping the microbial
communities in marine ecosystem, so the quality of DOM inputs to the ecosystem could have
significant influence on shaping the microbial food web and altering their functioning. So, we
performed a laboratory study to investigate how bacteria response to different carbon sourcesautochthonous and allochthonous organic matter. We isolated two different bacteria from the sea and
river side separately, then cultured them with allocthonous (ALDOM) and autochthonous organic
matter (ATDOM). The general aim of this project is to understand how DOM composition has
influenced the function of microbial organisms.
Keywords: DOM, bacteria, gene expression, climate change
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The way forward in environmental epigenetics
All participants in session 3. Epigenetic processes and non-genetic inheritance in marine
species adaptation
This poster will be the result of a panel discussion and of participants’ comments during the
session.
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