ASCIDIAN NEWS*
Gretchen Lambert
12001 11th Ave. NW, Seattle, WA 98177
206-365-3734 gretchen.lambert00@gmail.com
home page: http://depts.washington.edu/ascidian/
Number 77

June 2016

This has been a busy spring. In February I attended a WoRMS (World Register of Marine
Species) workshop for the 8 Ascidiacea editors of the database in Oostende, Belgium; see
the Work in Progress article below. I then stayed several days in Paris with Francoise
Monniot, and we worked on several of my problematic Singapore ascidians in her lab at the
Museum National d’Histoire Naturelle. That was fun, and I learned some new helpful tricks for
identifying ascidians.
In late April I joined a group from the Smithsonian Invasions lab to survey for invasive
marine species on the main island of Santa Cruz in the Galapagos. My first visit to these
unique islands, and like all other visitors I was thrilled to see a blue footed booby, lots of
marine iguanas, a few giant tortoises at the Charles Darwin Research Station where we were
working, and some of the endemic species of finches and mockingbirds.
After two major international trips already this year, I’m satisfied to stay home for a while,
work more on the Singapore collection and hopefully identify the rest of the Galapagos
ascidians I could not do on the spot without my extensive collection of monographs.
There are 90 New Publications listed at the end of this issue.
*Ascidian News is not part of the scientific literature and should not be cited as such.
NEWS AND VIEWS
1. The 9th Intl. Tunicata meeting will be held in 2017 in New York City, USA, sometime in
July, dates not yet decided. You can help decide by participating in the poll:
http://doodle.com/poll/w6epanhawp9mfxan. For more information contact Lionel Christiaen
(lc121@NYU.edu ).
2. The next Ascidian Taxonomic Workshop at the Smithsonian’s Bocas del Toro Tropical
Research Institute in Panama will be June 20-July 4, 2017. More information will be in the
December issue of Ascidian News.
3. The next Intl. Invasive Sea Squirt Conference (IISSC) will be May 2-4, 2018 at Woods
Hole Oceanographic Institution, Massachusetts. Information on past conferences can be
accessed at http://www.whoi.edu/main/sea-squirt-conference-v and the link to the published papers
from the previous IISSC conference, held in 2014, can be accessed at
http://www.reabic.net/journals/mbi/2016/Issue1.aspx More information will be posted in future

issues of AN. You can contact Mary Carman (mcarman@whoi.edu).

4. We are greatly saddened to report the death of Prof. Armando Sabbadin on March 18.
Lucia Manni writes: “He was full professor of Comparative Anatomy of Vertebrates, and then
professor Emeritus of the University of Padova. He introduced Botryllus schlosseri as model
organism more than 60 years ago in the laboratories of the Department of Biology of the
University of Padova. He formalized the staging and rearing method of this colonial ascidian,
and made pioneering studies on self-non self recognition, stem cell recycling, genetics, bud
competition in asexual reproduction, and self/cross fertilization. His researches represented
the basis for successive and still actual studies. Together with his pupils, Loriano Ballarin,
Riccardo Brunetti, Paolo Burighel, Francesca Cima, Gianbruno Martinucci and Giovanna
Zaniolo, I thank him for having passed on to us his great passion for ascidian biology and for
his scientific rigor.”
Dr. Billie Swalla adds: “He was a great man and excellent scientist and pioneered the use
of colonial ascidians for important studies. The many labs around the world that study
Botryllus schlosseri is a testament to his expertise and mentoring.”
A complete obituary was published in the following two journals:
Ballarin, L., Burighel, P., Cima, F., Manni, L. and Zaniolo, G. 2016. In memorium Armando
Sabbadin 1920 - 2016. Invertebrate Survival Journal 13: 66-67 and Developmental and
Comparative Immunology 60: 228.
Dr. Manni writes that the complete bibliography (103 papers) of Armando Sabbadin is now
available at
https://sites.google.com/site/ascidianbiologylab/home/prof-a-sabbadin-s-bibliography
All the publications can be downloaded as pdf files. The website also contains a very moving
tribute by Prof. Nicolò Parrinello.
5. Noa Shenkar and her students, postdocs and colleagues continue to actively research
and publish on interesting and diverse ascidian projects at Tel-Aviv University. There are
several new publications listed at the end of this newsletter, including one on Rhopalaea
confirming by molecular sequencing the placement of the Diazonidae in the Aplousobranchia,
as well as the placement of the Cionidae as a sister group of the Aplousobranchia. She sent
a photo of her new species named after two of her children (Ido and Neta) from Israel
International Airport, where there is an exhibition on scientific breakthroughs
http://www.ynetnews.com/articles/0,7340,L-4775952,00.html . “They really liked Gil
Koplovitz's photo of the Rhopalaea idoneta, I am very proud that there is a photo of an
ascidian in the airport!” shenkarn@post.tau.ac.il
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WORK IN PROGRESS
1. From Gretchen Lambert and Billie J. Swalla: During 15-17 February 2016, we attended
the first-ever workshop for the 8 Ascidiacea editors of the World Register of Marine Species
(WoRMS) database (http://www.marinespecies.org/ ), in Oostende, Belgium, at the Flanders
Marine Institute, a modern outgrowth of the very first marine research station in the world
(1843). We met to learn from the WoRMS data management team about the ascidian section
(http://www.marinespecies.org/ascidiacea/) and discuss issues unique to ascidian taxonomy.
Our goal is to provide the most authoritative list ever published of all ascidian species
globally, with primary and secondary bibliographic references, distribution and other data,
including the names of all species synonymized under each current valid name. This is a
mammoth task, with nearly three thousand species of described ascidians and more being
discovered every day during ocean exploration and biodiversity surveys. The three day
workshop covered multiple aspects of the WoRMS web site; we all learned how to better
enter the data and correct errors. WoRMS has become the “go to” site for marine biologists
worldwide and also is increasingly linked to other marine databases, such as invasive
species. The participants included (alphabetically) Adriaan (Arjan) Gittenberger, GiMaRIS
Marine Research Inventory & Strategy and Museum of Natural History “Naturalis”, Leiden,
Netherlands; Gretchen Lambert, Univ. of Washington Friday Harbor Labs; Françoise
Monniot, Museum National d’Histoire Naturelle; Marc Rius, Univ. of Southampton England
(Marc organized this meeting and obtained the funding for it from the Belgian LifeWatch);
Rosana Rocha, Universidade Federal do Paraná Brazil; Noa Shenkar, Tel Aviv University
Israel; Billie Swalla, director, Univ. of Washington Friday Harbor Labs; and Xavier Turon,
Dept. of Marine Ecology, Center for Advanced Studies of Blanes Spain.

Left to right: Wim Decock and Stefanie Dekeyzer of the WoRMS data management team; the 8
ascidian editors Arjan Gittenberger, Xavier Turon, Billie Swalla, Françoise Monniot, Noa Shenkar,
Rosana Rocha, Gretchen Lambert, and Marc Rius. Photo credit: G. Lambert.

We first tackled the many question marks next to various fields on a number of entries in the
Ascidiacea Database, indicating entries not yet checked for accuracy by one of the
Ascidiacea editors. There seemed to be an impossible number of them, so we each
volunteered to take on one or more ascidian families to check all species entries for accuracy
and add additional information such as taxonomic and distribution bibliographic sources.
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Some things can be checked rather quickly but others will take time and reading of old
monographs.
Taxonomists tend to be "lumpers" or "splitters," and the splits can result in many genera
with only one species each, or a family with only one genus. It was agreed that future
molecular phylogenies will be used to create monophyletic groups and use new data to
decide whether to combine some of these closely related families.
PDFs of Critical Taxonomic Literature — Rosana Rocha has been gathering hundreds of
PDFs of taxonomic literature and this database was uploaded into WoRMS. This will allow
everyone access to critical taxonomic literature if they would like to check something for
themselves. Families and Genera of Ascidiacea — Claude and Françoise Monniot many
years ago composed a tabular key to the ascidian families and genera of the world, which
Françoise and Gretchen have been revising. This valuable tool will be transferred to Excel
format and uploaded to the WoRMS website. Taxagloss — Rosana has created a glossary
containing all the taxonomic terms for the Ascidiacea, which WoRMS will upload to the
database, giving all users open access to it. These terms will be available in different
languages, starting with English and Spanish and then adding French, Dutch and Hebrew,
utilizing the expertise of the eight editors. It will be a lot of work for everyone, but a wonderful
resource for all ascidiologists especially when used in conjunction with the Families and
Genera tabular keys. There was a rousing and detailed discussion of some of the terms; it
may be a while before the glossary is finished! International Code of Zoological
Nomenclature — We discussed the conundrum of Family authorship before 1900, a period
before Families were erected for all genera. For example, Ascidia, a genus described by
Linnaeus; the authorship for the family Ascidiidae, erected later by a different taxonomist, is
still Linnaeus. We have this problem in 9 ascidian families. Arjan and Billie will prepare a
manuscript requesting from the Zoological Commission a revision to the code rules for family
names in the International Code of Zoological Nomenclature.
We made a lot of progress, and left with our “to do” lists. We now have a closer relationship
with the WoRMS Data Management Team, we understand the database better, and we all
enjoyed the hospitable atmosphere in historic Oostende. We hope you enjoy using the
Ascidiacea database in WoRMS and find it useful to your research. Please let us know of any
errors, changes or additions that should be made.
This article was condensed from the April 2016 issue of the Univ. of Washington Friday
Harbor Labs Tide Bites newsletter: http://depts.washington.edu/fhl/tidebites/Vol32/index.html
2. From Lionel Christiaen (lc121@NYU.edu ): My lab just published an update on our
method s for CRISPR/Cas9 in Ciona, with tentative whole-genome predictions of efficient
sgRNAs. We hope you will find this useful. http://biorxiv.org/content/early/2016/02/28/041632
ABSTRACTS FROM RECENT MEETINGS
1.9th Int’l. Conference on Marine Bioinvasions, Sydney, Australia January 19-21, 2016.
Unravelling the introduction and dispersal of a worldwide marine invader Didemnum
perlucidum in Australia. Joana Dias, Jason Kennington, Justin McDonald, Mike Snow.
Joana.Dias@fish.wa.gov.au
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The ascidian Didemnum perlucidum is a colonial tunicate with a reported worldwide
distribution across the Atlantic, Pacific and Indian Oceans. Although D. perlucidum was first
described from the island of Guadeloupe in the Caribbean, its native range is unknown. It is
thought to have been introduced to many areas of the world including Western Australia (WA)
where it seems to have become established and has demonstrated invasive characteristics.
In Australia, D. perlucidum is listed as a target species under the introduced marine pest
national monitoring network. Defining the status of a species as native or introduced is
important as it can influence management decisions, but it is often challenging, particularly
within communities which have been under the influence of human intervention. Molecular
markers can be used to characterize species diversity at locations, providing important
supporting evidence to identify native and introduced ranges, and investigate potential
frequency and routes of colonization and dispersal. In the present work we characterised the
COI gene region of D. perlucidum populations collected from around Australia and abroad.
We found colonies at presumed introduced locations worldwide to consist mainly of a single
COI haplotype. This has led us to further develop microsatellite markers to support invasion
genetic studies on D. perlucidum. The more variable markers developed should prove useful
in further resolving the origins of introduced populations of D. perlucidum, and potential highrisk routes of introduction. Such studies will support a science-based management approach
to the future prevention, management and/ or eradication of this important species.
2. Marine &Freshwater Invasive Species conference, Buenos Aires, May 2-4, 2016.

a. Resolution of ambiguous taxonomy of ascidians reveals high levels of introductions
of invasive species at the SW Atlantic. Marcos Tatián1-2 , Gastón Alurralde2, Clara
Giachetti3, Diego Giménez1, Cristian Lagger2, Tamara Maggioni2, Evangelina Schwindt3,
Anabela Taverna2 . 1Depto. de Diversidad y Ecología, Fac. de Ciencias Exactas, Físicas y
Naturales. Univ. Nacional de Córdoba; 2Inst. de Diversidad y Ecología Animal, Consejo
Nacional de Investigaciones Científicas y Técnicas (CONICET)/Universidad Nacional de
Córdoba, Argentina; 3Grupo de Ecología en Ambientes Costeros, Puerto Madryn, Argentina.
mtatian@unc.edu.ar
One of the poorly known regions in terms of its biodiversity, in particular in the case of
ascidians, is the Southwestern Atlantic (SWA). Ascidiacea is one of the main groups in
bioinvasion studies given that they are good indicators of anthropogenic transport and
because they are usually very abundant in terms of richness. The accurate species
identifications are crucial to clarify causes and consequences of the invasion processes. The
aim of this work was to determine species richness and especially, to report those species
considered as exotic and cryptogenic together with their present distribution along the SWA.
We performed different field sampling at the SWA including coastal areas (natural and
harbour localities) and oceanic areas. We also exhaustively studied old museum collections
and the specific taxonomic and global literature that helped us to elucidate the status of
native, cryptogenic or exotic in the area. The general survey of species revealed, at the
moment, a total of 80 ascidian species, being 18% of them, species whose status is
considered exotic and/or cryptogenic. The use of morphological and genetic tools to clarify
the species identity is the first step into the evaluation of invasion processes and this would
help to better understand the real scenario in terms of native biodiversity.
b. Invasive ascidians: Do local predators play a key role in colonization success?
GIACHETTI, C.¹, BATTINI, N.¹, TATIÁN,M.²,&SCHWINDT, E.¹ ¹Grupo de Ecol. en Ambientes
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Costeros, Inst. de Biol. de Organismos Marinos, Argentina; ²Inst. de Diversidad y Ecología Animal,
Argentina. giachetti@cenpat-conicet.gob.ar
Invasive ascidians are usually considered as pests in the invaded areas including
aquaculture facilities. Predation might control the establishment and further colonization
depending on the habitat and the predator/prey species involved in the interaction. In this
work, we evaluate the effect of different potential predators on the survival of the adults of
Ascidiella aspersa, one of the most invasive ascidian species in Argentina. Predator and prey
species were collected in Puerto Madryn port, transported to the aquarium and acclimated
during seven days. As potential predators, we tested the exotic sea slug, as well as native
sea stars and sea urchins. Several trials were made in individual tanks subdivided in two
equal compartments (prey alone and prey plus one predator species). After a starvation
period (2-9 days depending on the species), a predator was placed in a compartment with
four ascidians during 2-4 days depending on the predator species. At the end, we quantified
mortality percentage in both compartments; when it was zero, we offered to the predator his
favourite prey to confirm that the rejection was not due to satiety. Ascidians were observed
for a week to discard death due to tunic damage. Preliminary results showed that sea urchins
and sea slugs feed upon the epibionts growing on the ascidian tunic, causing a superficial
damage to the tunic but not killing the ascidians. Only sea stars were able to injure the tunic
but the ascidians survived and lived with that injury. More experiments are being performed
with a wider pool of predator species, including the voracious invasive green crab Carcinus
maenas, and also evaluating the effects of predation on other invasive ascidians, including
adults and juveniles. These results suggest that A. aspersa adults are strong enough for local
predators, however the softer juveniles could be negatively affected by predation.
c. Management of tunicate invasion on Prince Edward Island, Canada. T. Landry¹ and J.
Davidson². ¹Dept. of Fisheries and Oceans, Gulf Region, Canada; ²Atlantic Vet. College,
Univ. of Prince Edward Island, Charlottetown, Canada. thomas.landry@dfo-mpo.gc.ca
Four invasive tunicates were first reported on Prince Edward Island (PEI) almost 2 decades
ago. Their rapid proliferation had severe impacts on a shellfish aquaculture industry and
associated ecosystems. Tunicates are important fouling organisms that compete with
mussels, oysters and associated fauna for space and food. Untreated infestations have led to
reduced growth rates and meat yields of farmed shellfish and significant loss in productivity
due to fall-off. The main impact, however, is the disruption in the ecological function of the
estuaries with the potential loss of productivity and biodiversity.
Science has played an important role in providing key knowledge and advice to identify
management options. Relevant environmental, economic, social, and cultural values were
considered to reduce the rate of spread and to mitigate the effects tunicate fouling on
shellfish farms. Hazard Analysis and Critical Control Points (HACCP) principles were used to
identify critical control points and potential control measures. The outcome has been highly
effective for solitary tunicates but less so for colonial tunicates. Such results may guide the
development of future control strategies with key stakeholders.
d. Benthic non-indigenous species on the southern coast of Chubut (Argentina) at the
onset of the 21st century. Rico, A.¹, Riera, M.¹ &Lόpez Gappa, J.2 ¹ Depto. Biol. General,
Fac. de Ciencias Naturales, Univ. Nacional de la Patagonia "SJB", Argentina; ²Investigador
Principal CONICET, Museo Argentino de Ciencias Naturales, Buenos Aires, Argentina.
aliciaerico@yahoo.com.ar
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During the last decades, several studies have dealt with benthic marine organisms
occurring on the abrasion platforms of Comodoro Rivadavia (45º52' S, 67º28' W) and Rada
Tilly (45°57′ S, 67°32′ W). Benthic species were sampled using different methodologies.
Stone fragments were glued to intertidal and subtidal substrates with epoxy putty and plastic
panels were screwed to supporting structures at the subtidal level of Comodoro Rivadavia
harbor. Intertidal research at Rada Tilly was based on monthly non-destructive observations.
Species richness and diversity (Shannon-Wiener index) were estimated and differences
among samples were then tested by two-way ANOVAs followed by post-hoc comparisons.
Multivariate data were analyzed with the PRIMER package. The presence of Balanus
glandula, a barnacle native to the Pacific coast of North America, was discovered in 2001 on
intertidal hard substrates of the harbor. The species then continued its dispersion along
Atlantic rocky shores down to Tierra del Fuego. The alien bryozoans Cryptosula pallasiana
and Bugula flabellata were previously known from fouling assemblages in harbors of Buenos
Aires province. Their geographic distribution was extended towards the southern coast of
Chubut. Exotic ascidians were particularly abundant. They were mainly represented by
solitary species such as Ascidiella aspersa and Molgula manhattensis, or by the colonial
forms Botryllus schlosseri, Diplosoma listerianum and Lissoclinum fragile. The invading kelp
Undaria pinnatifida was reported for the first time for Argentina in 1994 at Nuevo Gulf
(northern coast of Chubut). In 2005, this species was found in Comodoro Rivadavia harbor.
Its life-cycle and the macro- and microstructure of tagged individuals are currently being
studied and compared with morphological features of populations from other geographic
areas.
e. First register of the invasive ascidian Asterocarpa humilis in the SW Atlantic.
TAVERNA, A.¹, MAGGIONI, T.¹, ALURRALDE, G.¹, GIMENEZ, D.² &TATIÁN, M.¹
¹ Instituto de Diversidad y Ecología Animal, Argentina; ²Universidad Nacional de Córdoba.,
Argentina. anabelataverna@gmail.com
The ascidian Asterocarpa humilis (Heller, 1878), (Tunicata, Chordata), native to New
Zealand, has expanded its original range of distribution. It is considered exotic in remote
areas such as Chile, South Africa and more recently, Great Britain and France. Until now it
had not been observed in Argentina. A similar species (considered synonym of it by Kott,
1985), Cnemidocarpa robinsoni (Hartmeyer, 1916) is native to the Juan Fernández
archipelago. That species was reported in the Southwest Atlantic (Diehl 1977), but its status
in the area remains uncertain. The examination of morphological characteristics in abundant
specimens from different localities of Argentina (i.e., the number of oral tentacles, the amount
and form of the gonads, the location of the gonoducts and the presence of larvae) showed
similarities with those described for A. humilis the orientation of gonoducts and the presence
of larvae, being the most relevant characterisitcs. The name Asterocarpa humilis has
precedence over Cnemidocarpa robinsoni, so the latter should be discarded. The absence of
true records prior to the description of Diehl and its current wide distribution, particularly in
port areas, affirms the exotic status of A. humilis in the SW Atlantic.
3. XVIIth scientific meeting of the Italian Association of Developmental and
Comparative Immunobiology, 11 - 13 February 2016, Department of Biological and
Environmental Sciences and Technologies, University of Salento, Lecce, Italy. See
http://www.isj.unimo.it/articoli/ISJ411.pdf for the complete program.
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a. New data on the expression of molecular markers involved in stemness and
differentiation in the colonial ascidian Botryllus schlosseri. F. Ballin, N. Franchi, L.
Ballarin. Department of Biology, Univ. of Padua, Padua, Italy. ballarin@bio.unipd.it
Cell types are often identified by determining which genes they express specifically. The
use of specific antibodies or complementary RNA probes allows the identification of the
translational/transcriptional products: These molecules, also called “molecular markers”,
show an unique expression pattern, frequently used to identify and isolate stem cell
populations. In B. schlosseri, a compound ascidian, there are three important processes that
suggest the presence of stem cells during the life cycle: i) embryogenesis, in which an
embryo develops from a zygote, palleal budding where new buds emerge as thickenings of
the peribranchial epithelium and vascular budding, i.e., the development of new buds within
the vasculature by circulating multipotent or pluripotent cells. During the cyclical generation
changes, which characterize the colonial blastogenetic cycle, an increase in the number of
hemoblasts, i.e., undifferentiated circulating cells, occurs which will replace, once
differentiated, the hemocytes undergoing apoptotic cell death. Ascidian hematopoiesis occurs
in close proximity to the pharyngeal vessels, in the so-called “hematopoietic nodules” and in
the endostyle, the cells of which proliferate and migrate to developing buds. Despite the
morphologic suggestions that hemoblasts are the precursors of all the circulating cell types,
immunocytes included, there is a general lack of biochemical and molecular data supporting
this assumption. Here we report the identification of hematopoietic molecular markers in B.
schlosseri, very similar to those of vertebrates, their localization and expression profile during
the blastogenetic cycle.
b. Growing complexity of the invertebrate complement system: evidences from
colonial tunicates. N. Franchi, L. Ballarin. Dept. of Biol., Univ. of Padua, Italy
ballarin@bio.unipd.it
The evolutionary history of the complement system is not yet fully elucidated. Evolutionary
studies suggest that the origin of the complement system can be traced back to the common
ancestor of the Eumetazoa as the genes for the C3, factor B and MASP have been identified
in sea anemones. Nonetheless, no complement genes are present in the genome of the
sponge Amphimedon queenslandica or the choanoflagellate Monosiga brevicollis and,
although their presence in invertebrate protostomes is generally accepted, complement
genes are missing also in Drosophila and Caenorhabditis, probably due to a secondary loss.
As regards deuterostome complement system, it is well studied in mammals, where more
than 30 different proteins have been described, involved in the activation and regulation of
this fundamental humoral system able to modulate immunocytes behaviour, belonging to
both innate and adaptive immune response. However, the mere report of the presence of C3,
factor B and lectin pathway in a species cannot help in elucidating the evolution of the
complement system. Since adaptive immunity evolved in the presence of a functioning
complement system, the presence of considerable and important interaction between
complement and adaptive responses is not surprising. In particular, referring to the
invertebrate-vertebrate transition, the description of the complement-mediated immune
modulation requires the identification and characterization of additional factors, such as
complement control proteins (e.g., factor H, C4bp, CR1, CD46, CD 55) and receptors in
invertebrates chordates. Here we report on the identification and analysis of transcripts for
CR1 (C3b receptor), C3aR and two factors H in the colonial ascidian Botryllus schlosseri that,
for the first time are described in tunicates, the sister group of vertebrates. The localization of
CR1 and C3aR on phagocytes and morula cells, respectively, open the possibility to use
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such molecules as molecular markers for immunocytes. In addition, the presence of a
complement regulator, such as factor H, in tunicates suggests a higher level of complexity
than that expected in an invertebrate.
4. Inaugural Meetings of the Pan-American Society for Evolutionary Developmental
Biology. Augusto 5-9, 2015. Berkeley, CA, USA.
Modular development and evolution of clonal marine chordates. A. S. Gutierrez (a), C.
A. Velandia (b), C. Bermudez-Santana (b), A. Gittenberger (c), F. D. Brown (a,d)
fdbrown@usp.br
(a)Depto. de Ciencias Biol gicas, Univ. de los Andes, Bogot , Colombia; (b) Depto. de
Biolog a, Univ. Nacional de Colombia, Bogot , Colombia; (c) GiMaRIS, Leiden, The
Netherlands; (d) Depto. de oologia, Instituto de Bioci ncias, Univ. de S o aulo, Brazil.
Colonial styelid ascidians form two types of organization. In derived species (i.e. botryllid
ascidians) individuals of the colony are connected and integrated within a common tunic and
new individuals form in weekly cycles of budding; in contrast, other colonial styelids present
an aggregate organization, in which individuals are embedded within their own tunic and
remain connected by extracorporeal tissues. The latter develop independently and by
asynchronous budding. A sister species of the botryllids Symplegma brakenhielmi presents
an intermediate form, i.e. individuals are well integrated, but development occurs in an
apparently independent manner. To understand how major reproductive modes evolve during
life history transitions, we experimentally disrupted asexual modules of development of a
colonial ascidian Symplegma brakenhielmi by systemic bud or zooid removals in the colony
and identification of putative circulatory progenitor cells involved in asexual reproduction.
Budding in ascidians requires a permanent supply of progenitor cells likely regulated by
ncRNA pathways. To associate specific ncRNAs to putative mechanisms of asexual
reproduction, we compared the genomes of solitary Ciona intestinalis and C. savignyi and
colonial Didemnum vexillum and Botryllus schlosseri. We generated ncRNA predictions and
aCempted to associate specific loci to the evolution of asexual modes of reproduction and
regeneration. Our results support a stepwise integration of budding synchrony and
developmental interaction of individuals during the evolution of coloniality, and raise new
questions about ncRNA regulation in stem cell function of colonial marine chordates.
5. First Encuentro Nacional de Biologia del Desarrollo. September 24-16, 2015. Bogotá,
Colombia.
Evolutionary origins of chordate stem cells. Federico D. Brown. fdbrown@usp.br
Basal chordate species can live as solitary individuals that reproduce sexually, or
alternatively live as colonies that reproduce both asexually and sexually. Colonial styelid
ascidians form two types of organization. In derived species (i.e. botryllid ascidians) well
integrated individuals of the colony share a common tunic and new individuals form in weekly
cycles of budding; in contrast, aggregated individuals in other colonial styelids retain their
own tunic and bud independently by asynchronous budding. Symplegma brakenhielmi, a
sister species of the botryllids, presents an intermediate form, i.e. individuals are well
integrated, but development occurs in an apparently independent manner. To understand
how asexual modes of reproduction evolved in our phylum, we compare budding processes
and genomes across several colonial ascidian species. Budding in colonial ascidians requires
a permanent supply of progenitor cells likely regulated by ncRNA pathways. We studied
hemocytes and analyzed proliferation in S. brakenhielmi to identify putative circulatory
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progenitor cells. To associate specific ncRNAs to putative mechanisms of asexual
reproduction, we compared the genomes of solitary Ciona intestinalis and C. savignyi and
colonial Didemnum vexillum and Botryllus schlosseri. We generated ncRNA predictions and
attempted to associate specific loci to the evolution of asexual modes of reproduction and
regeneration. Our results support a developmental integration of individuals and
developmental processes during the evolution of coloniality, and raise new questions about
ncRNA regulation in stem cell function of colonial marine chordates.
6. The 2015 Latin American Society for Developmental Biology (LASDB) Meeting.
October 20-23, 2015. Santos, São Paulo, Brazil.
Vascular budding in Symplegma brakenhielmi and the evolution of coloniality in
styelid ascidians. Stefania Gutiérrez (1,2,3,4), Federico Brown (1,3,4)
(1) Lab. de Biología del Desarrollo Evolutiva (EvoDevo), Depto. de Ciencias Biológicas,
Facultad de Ciencias, Univ. de los Andes, Bogotá D.C., Colombia; (2) Smithsonian Tropical
Research Institute, Bocas del Toro, Republica de Panamá; (3) Depto. de Zoologia, Instituto
de Biociências, Universidade de São Paulo, SP, Brazil; (4) Centro de Biologia Marinha, Univ.
de São Paulo, SP, Brazil.
Coloniality is a life history that consistsSymplegma, Botryllus, and Botrylloides are colonial.
Phylogenetic reconstructions of related genera show a stepwise evolution of colonial
characters, i.e. higher integration and independence of zooids and buds during
blastogenesis. Botryllus and Botrylloides zooids bud in a highly synchronous and periodic
manner, whereas Symplegma is asynchronous. Therefore, Symplegma shows an
intermediate state between basal solitary species and derived colonial species. Progenitor
undifferentiated hemocytes are involved in asexual reproduction in Botryllus and Botrylloides.
Due to the closer phylogenetic position and morphological similarities of Symplegma to
botryllids, we hypothesized that colony-wide removal of zooids or buds would affect the
development of the remaining individuals, and that circulatory progenitor cells would be
present in the blood. Using our results, we establish this model that predicts the following
sequence of events: (1) autonomous budding of discrete individual entities that remain
united, (2) colony-wide dependency for budding of integrated individuals within a common
tunic, (3) synchronous and cyclic budding of highly integrated individuals. For comparative
studies, we first characterized blastogenic series of stages for Symplegma brakenhielmi
using Botryllus schlosseri stages as a reference (Berrill, 1941; Sabbadin 1955). Buds formed
at random sites throughout the vasculature of the colony, and blastogenic series of
development showed that differentiation and growth of the branchial sac continued after
siphons formation. To explore whether putative circulatory progenitor hemocytes were
involved in the formation of new buds, we characterized hemocytes. We identified at least
two populations of putative progenitors that expressed mitotic marker Phospho-histone H3.
Macrophage-like cells that are involved in zooid resorption and colony turnover were the most
abundant hemocytes in different colonies and at different stages, suggesting that tissue
recycling permanently occursin in S. brakenhielmi. A diversification of circulatory hemocytes
(i.e. stem cell progenitors for budding and macrophages for tissues recycling) in colonial
styelids, including Symplegma, arguably support that the integration of individual
development to orchestrated colonial blastogenesis is mediated a functional diversification of
circulatory cells. To test independence in the asexual development of individuals in the
colony we conducted systemic zooid or bud removal experiments. Symplegma brakenhielmi
zooid and bud ablation experiments did not affect blastogenesis. In general, zooids showed a
high degree of autonomous development, except in budectomized colonies in which the
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development of new buds was faster than bud in controls. These results suggest that fully
autonomous blastogenesis in this species is only partial, and that a small degree of colonywide effects occurs. Thus, our results suggest that S. brakenhielmi represents an
intermediate state of colony-wide dependence for bud development in the stepwise model of
colonial evolution within the Styelidae. Our findings raise new questions on how
developmental mechanisms may orchestrate the evolution of new life histories.
[Same seminar presented at XIX Simpósio de Biologia Marinha. November 25-27, 2015.
Centro de Biologia Marinha (CEBIMAR) da Univ. de São Paulo. São Sebastião, SP, Brazil.}
THESIS ABSTRACTS
A model to study alternative developments: asexual propagation and regeneration in
the basal chordate Botryllus schlosseri. Lorenzo Ricci, Ph.D. thesis.Université Pierre et
Marie Curie, Laboratoire de Biologie du Développement de Villefranche sur mer, France.
Supervisor: Stefano Tiozzo. tiozzo@obs-vlfr.fr
Ascidians (sub-phylum: Tunicata), among many other metazoans, evolved alternative ways
to develop an adult body. The colonial ascidian Botryllus schlosseri, in addition to
embryogenesis, can give rise to an adult body, the zooid, adopting two different, nonembryonic ontogenies. The two “alternatives” to sexual reproduction, blastogenesis and
vascular budding, consist of the formation of a new body starting respectively from a
preexistent adult epithelium, and from the vasculature and blood cells. While blastogenesis
occurs in a periodical and stereotyped fashion as part of B. schlosseri life cycle, vascular
budding is a stricto sensu form of regeneration, and it is triggered by physical ablation of the
adult body.In this manuscript, I described the results of my comparative study of Botryllus
non-embryonic developmental pathways. Taking advantage of the extensively documented
ascidian embryogenesis as a starting point, I intended a broad characterization of Botryllus
blastogenetic and regenerative developments. First I adopted a gene candidate approach,
took advantage of the well documented robustness of ascidian embryogenesis, and focused
on a sub-set of conserved transcription factors that define the three germ layers in this class.
Comparing embryonic expression patterns of GATAs, GSC, TBX2/3, OTX and FOXA TFs to
those during asexual development and whole body regeneration. I observed a re-deployment
of these genes in topological domains that resemble expression patterns observed during
gastrulation. Using similar approach I started dissecting conserved neural and muscular
developmental networks and analized the expression of Macho-1, Pax3/7, POU3 and 4, MRF
and TBX6 to track the origin of neural and muscular tissues in blastogenesis. The preliminary
data suggest that a particular anatomical structure, the dorsal tube, may have the potential to
be a centre of neural and myogenic cell fate commitment. Whereas blastogenesis already
presented described stereotyped stages, vascular budding needed discrete and recognizable
staging. I then characterized the kinetics of early regenerative steps by using gene candidate
gene approach, RTqPCR and live observations. Consistently with previous studies, I was
confronted to the unpredictability of vascular bud appearance following surgery. Nonetheless,
these observations allowed the identification of a time-frame where the formation of a
vascular bud showed a maximal probability. I used this data provide a deeper morphological
characterization of the early vascular buds morphogenesis by using immunohistological
techniques and TEM. For both non-embryonic ontogenis I adopted an unbiased approach by
characterizing the transcriptome profiles of: 1) budding and non budding tissues and 2) the
first steps of whole body regeneration (WBR) via vascular budding. The analysis of
differentially expressed genes and signalling pathways from the palleal bud transcriptomes
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revealed the involvement of conserved developmental genes (i.e.: GATA, POU, Pitx,
RALDH2) and potential novel Botryllus-specific genes whose function remain to be tested.
Transcriptomic characterization of WBR is still undergoing analysis and will be available
shortly. Together, these data bring new insights on the mechanisms that underlie nonembryonic developments, showing how new structures, different morphogenesis and
regulatory mechanisms can arise from the same genome, in different biological contexts.
NEW PUBLICATIONS

Aguirre, J. D., Blows, M. W. and Marshall, D. J. 2016. Genetic compatibility underlies benefits
of mate choice in an external fertilizer. Am. Nat. 187: 647-657.
Akawara, K. Y. 1990. Competitors and fouling organisms in the hanging culture of the Pacific
oyster Crassostrea gigas (Thunberg). Mar. Behav. & Physiol. 17: 67-94.
Ambrosio, L. J. and Baeza, J. A. 2016. Territoriality and conflict avoidance explain asociality
(solitariness) of the endosymbiotic pea crab Tunicotheres moseri. PLoS One 11:
e0148285.
Baeza, J. A. and Díaz-Valdés, M. 2011. The symbiotic shrimp Ascidonia flavomaculata lives
solitarily in the tunicate Ascidia mentula; implications for its mating system. Invert. Biol.
130: 351-361.
Ballarin, L., Burighel, P., Cima, F., Manni, L. and Zaniolo, G. 2016. In memorium Armando
Sabbadin 1920 - 2016. ISJ 13: 66-67.
Bouchemousse, S., Lévêque, L., Dubois, G. and Viard, F. 2016. Co-occurrence and
reproductive synchrony do not ensure hybridization between an alien tunicate and its
interfertile native congener. Evol. Ecol. 30: 69-87.
Bullard, S. G. and Carman, M. R. 2016. Introduction to the proceedings of the 5th
International Invasive Sea Squirt Conference, 2014. Manag. Biolog. Invasions 7: 1-3.
Cahill, P. L., Atalah, J., Selwood, A. I. and Kuhajek, J. M. 2016. Metamorphosis of the
invasive ascidian Ciona savignyi: environmental variables and chemical exposure. PeerJ
4: e1739.
Campagna, D., Gasparini, F., Franchi, F., Manni, L., Telatin, A., Vitulo, N., Ballarin, L. and
Valle, G. 2015. SATRAP: SOLiD Assembler TRAnslation Program. PLoS One 10:
e0137436. doi: 10.1371/journal.pone.0137436.
Campagna, D., Gasparini, F., Franchi, N., Vitulo, N., Ballin, F., Manni, L., Valle, G. and
Ballarin, L. 2016. Transcriptome dynamics in the asexual cycle of the basal chordate
Botryllus schlosseri. BMC Genomics 17: 1-17.
Carman, M. R., Colarusso, P. D., Nelson, E. P., Grunden, D. W., Wong, M. C., McKenzie, C.,
Matheson, K., Davidson, J., Fox, S., Neckles, H. A., Bayley, H., Schott, S., Dijkstra, J. A.
and Stewart-Clark, S. 2016. Distribution and diversity of tunicates utilizing eelgrass as
substrate in the western North Atlantic between 39° and 47° north latitude (New Jersey to
Newfoundland). Manag. Biolog. Invasions 7: 51-57.
Carman, M. R., Lindell, S., Green-Beach, E. and Starczak, V. R. 2016. Treatments to
eradicate invasive tunicate fouling from blue mussel seed and aquaculture socks. Manag.
Biolog. Invasions 7: 101-110.
Chase, A., Dijkstra, J. A. and Harris, L. G. 2016. The influence of substrate material on
ascidian larval settlement. Mar. Pollution Bull. 106: 35-42.
Cima, F. and Franchi, N. 2016. Histamine stimulates ciliary beat frequency via the H2
receptor in the protochordate Botryllus schlosseri. J. Exp. Zool. B Mol. Dev. Evol. Epub.
12

Çinar, M. E. 2016. The alien ascidian Styela clava now invading the Sea of Marmara
(Tunicata: Ascidiacea). Zookeys 563: 1–10.
Colarusso, P., Nelson, E., Ayvazian, S., Carman, M. R., Chintala, M., Grabbert, S. and
Grunden, D. 2016. Quantifying the ecological impact of invasive tunicates to shallow
coastal water systems. Manag. Biolog. Invasions 7: 33-42.
Damkaer, D. M. 2015. Shigeko Ooishi (1927-2014), copepodologist without borders. J. Crust.
Biol. 35: 111 – 115.
Davidson, I. C., Zabin, C. J., Chang, A. L., Brown, C. W., Sytsma, M. D. and Ruiz, G. M.
2010. Recreational boats as potential vectors of marine organisms at an invasion
hotspot. Aquatic Biol. 11:
Demers, M.-C. A., Knott, N. A. and Davis, A. R. 2016. Under the radar: Sessile epifaunal
invertebrates in the seagrass Posidonia australis. J. Mar. Biol. Ass. U.K. 96: 363-377.
Dias, P. J., Rocha, R., Godwin, S., Tovar-Hernández, M. A., Delahoz, M. V., McKirdy, S., de
Lestang, P., McDonald, J. I. and Snow, M. 2016. Investigating the cryptogenic status of
the sea squirt Didemnum perlucidum (Tunicata, Ascidiacea) in Australia based on a
molecular study of its global distribution. Aquatic Invasions 11: 1-7.
DiBattista, J. D., Roberts, M. B., Bouwmeester, J., Bowen, B. W. and et.al. 2016. A review of
contemporary patterns of endemism for shallow water reef fauna in the Red Sea. J.
Biogeog. 43: 423-439.
Dijkstra, J. A. and Simkanin, C. 2016. Intraspecific response of colonial ascidians to variable
salinity stress in an era of global change. Mar. Ecol. Prog. Ser. in press:
Dishaw, L. J., Leigh, B., Cannon, J. P., Liberti, A., Mueller, M. G., Skapura, D. P., Karrer, C.
R., Pinto, M. R., De Santis, R. and Litman, G. W. 2016. Gut immunity in a protochordate
involves a secreted immunoglobulin-type mediator binding host chitin and bacteria.
Nature Commun. epub: 1-16.
Faure, E., Savy, T., Rizzi, B. and al., e. 2016. A workflow to process 3D+time microscopy
images of developing organisms and reconstruct their cell lineage. Nature Commun. 7:
Ferguson, L. F., Landry, T., Therriault, T. W. and Davidson, J. 2016. Effectiveness of a
neutral red viability protocol developed for two colonial tunicate species. Manag. Biolog.
Invasions 7:
Franchi, N. and Ballarin, L. 2016. Cytotoxic cells of compound ascidians. In: Lessons in
Immunity: From Single-Cell Organisms to Mammals. Elsevier Inc., pp. 193-199.
Franchi, N., Ballin, F., Manni, L., Schiavon, F. and Ballarin, L. 2016. Data on four apoptosisrelated genes in the colonial tunicate Botryllus schlosseri. in press; supplement to
Franchi et al. 2016, DCI 62:
Franchi, N., Ballin, F., Manni, L., Schiavon, F., Basso, G. and Ballarin, L. 2016. Recurrent
phagocytosis-induced apoptosis in the cyclical generation change of the compound
ascidian Botryllus schlosseri. Dev. Comp. Immunol. 62: 8-16.
Fransen, C. H. J. M. 2006. On Pontoniinae (Crustacea, Decapoda, Palaemonidae) collected
from ascidians. Zoosystema 28: 713-746.
Gallo, A., Boni, R., Buttino, I. and Tosti, E. 2016. Spermiotoxicity of nickel nanoparticles in the
marine invertebrate Ciona intestinalis (ascidians). Nanotoxicology epub:
Gewing, M.-T., Bronstein, O., Nagar, L. R., Granot, I., Frid, O. and Shenkar, N. 2016. First
record of the non-indigenous ascidian Microcosmus exasperatus, Heller 1878, in Cyprus.
Mar. Biodiversity epub: 1-5.
Gittenberger, A., Draisma, S. G. A., Arbi, U. Y., Langenberg, V., Erftemeijer, P. L. A., Tuti, Y.
and Hoeksema, B. W. 2015. Coral reef organisms as bioregion indicators off Halmahera,
Moluccas, Indonesia. Aquatic Conservation: Mar. & Freshw. Ecosys. 25: 743-755.
13

Gomes, S., Paulo, Y., Gueth, A. Z. and Mies, M. 2015. Pressure tolerance of tadpole larvae
of the Atlantic ascidian Polyandrocarpa zorritensis: potential for deep-sea invasion.
Brazilian J. Oceanog. 63: 515-520.
Granthom-Costa, L. V., Ferreira, G. W. and Dias, G. M. 2016. Biodiversity of ascidians in a
heterogeneous bay from southeastern Brazil. Manag. Biolog. Invasions 7: 5-12.
Harada, Y. 2016. Reverse engineering of animal development. Trends Dev. Biol. 9: 29-42.
Hopkins, G. A., Prince, M., Cahilla, P. L., Fletcher, L. M. and Atalah, J. 2016. Desiccation as
a mitigation tool to manage biofouling risks: trials on temperate taxa to elucidate factors
influencing mortality rates. Biofouling 32: 1-11.
Imperatore, C., Luciano, P., Aiello, A., Vitalone, R., Irace, C., Santamaria, R., Li, J., Guo, Y.
W. and Menna, M. 2016. Structure and configuration of phosphoeleganin, a protein
tyrosine phosphatase 1B inhibitor from the Mediterranean ascidian Sidnyum elegans. J.
Nat. Prod. 79: 1144-1148.
Iturralde, M. 1996. Taxonomy, abundance, and vertical distribution of ascidians from Tagus
Cove, Isabela Island. 1-134.
Jaffar Ali, A., Akram, S. A. and Arshan, K. M. 2016. New distributional data on ascidian fauna
(Tunicata: Ascidiacea) from Mandapam coast, Gulf of Mannar, India. Biodivers. Data J.
epub: e7855.
Karahan, A., Douek, J., Paz, G. and Rinkevich, B. 2016. Population genetics features for
persistent, but transient, Botryllus schlosseri (Urochordata) congregations in a central
Californian marina. Molec. Phylogen. & Evol. 101: 19-31.
Kumagai, A., Tanabe, T., Nawata, A. and Suto, A. 2016. Disinfection of fertilized eggs of the
edible ascidian Halocynthia roretzi for prevention of soft tunic syndrome. Dis. Aquat.
Organ. 118: 153-158.
Lambert, G., Karney, R. C., Rhee, W. Y. and Carman, M. R. 2016. Wild and cultured edible
tunicates: a review. Manag. Biolog. Invasions 7: 59-66.
Lawes, J. C., Clark, G. F. and Johnston, E. L. 2016. Contaminant cocktails: Interactive effects
of fertiliser and copper paint on marine invertebrate recruitment and mortality. Mar.
Pollution Bull. 102: 148-159.
Lee, S.-M., Lee, Y.-R., Cho, K.-S. and al., e. 2015. Stalked sea squirt (Styela clava tunic
waste as a valuable bioresource: Cosmetic and antioxidant activities. Process Biochem.
50: 1977-1984.
Levine, M. and Vicente, C. 2015. An interview with Mike Levine. Development 142: 34533455.
Liberti, A., Leigh, B., De Santis, R., Pinto, M. R., Cannon, J. P., Dishaw, L. J. and Litman, G.
W. 2016. An immune effector system in the protochordate gut sheds light on fundamental
aspects of vertebrate immunity. Results Probl. Cell Differ. 57: 159-173.
López-Legentil, S., Turon, X. and Erwin, P. M. 2016. Feeding cessation alters host
morphology and bacterial communities in the ascidian Pseudodistoma crucigaster.
Frontiers in Zool. 13: 1-11.
Lorenzo, R., Cabrera, F., Lotito, S. and Tiozzo, S. 2016. Re-deployment of germ layers
related TFs shows regionalized expression during two non-embryonic developments.
Dev. Biol. Epub.
Manni, L. and Pennati, R. 2016. Tunicata. In: Schmidt-Rhaesa, A., Harzsch, S. and
Purschke, G. (eds.), Structure and Evolution of Invertebrate Nervous Systems. Oxford
University Press, pp.
Matsubara, M., Kawada, T., Sakai, T., Aoyama, M., Osugi, T., Shiraishi, A. and Satake, H.
2016. The significance of Ciona intestinalis as a stem organism in integrative studies of
14

functional evolution of the chordate endocrine, neuroendocrine, and nervous systems.
Gen. & Comp. Endocrinol. 227: 101-108.
Matsumae, H., Ishiwata, R., Minamoto, T., Ishida, N., Ogishima, S. and Tanaka, H. 2015.
Detection of periodic patterns in microarray data reveals novel oscillating transcripts of
biological rhythms in Ciona intestinalis. Artif. Life & Robotics 20: 347-352.
McKenzie, C. H., Matheson, K., Caines, S. and Wells, T. 2016. Surveys for non-indigenous
tunicate species in Newfoundland, Canada (2006 – 2014): a first step towards
understanding impact and control. Manag. Biolog. Invasions 7: 21-32.
Mino, M. and Sawada, H. 2016. Follicle cell trypsin-like protease HrOvochymase: Its cDNA
cloning, localization, and involvement in the late stage of oogenesis in the ascidian
Halocynthia roretzi. Molec. Repro. & Develop. 83: 347-358.
Moghadam, M. S., Albersmeier, A., Winkler, A., Cimmino, L., Rise, K., Hohmann-Marriott, M.
F., Kalinowski, J., Ruckert, C., Wentzel, A. and Lale, R. 2016. Isolation and genome
sequencing of four Arctic marine Psychrobacter strains exhibiting multicopper oxidase
activity. BMC Genomics 17: epub.
Mondal, J., Raghunathan, C. and Mondal, T. 2015. Diversity and distribution of common
ascidians of Andaman Group of islands. Middle-East J. Sci. Res. 23: 2411-2417.
Mondal, J., Raghunathan, C. and Mondal, T. 2016. Non-indigenous ascidians of Andaman
and Nicobar Islands, India. World J. Fish & Mar. Sci. 8: 108-114.
Monniot, F. 2016. Ascidians (Tunicata) of the French Guiana Expedition. Zootaxa 4114: 201245.
Nagar, L. R. and Shenkar, N. 2016. Temperature and salinity sensitivity of the invasive
ascidian Microcosmus exasperatus Heller, 1878. Aquatic Invasions 11: 33-43.
Nakayama, S., Satou, K., Orito, W. and Ogasawara, M. 2016. Ordered expression pattern of
Hox and ParaHox genes along the alimentary canal in the ascidian juvenile. Cell Tiss.
Res. epub:
Nielsen, D. A., Pernice, M., Schliep, M., Sablok, G., Jeffries, T. C., Kuehl, M., Wangpraseurt,
D., Ralph, P. J. and Larkum, A. W. D. 2015. Microenvironment and phylogenetic diversity
of Prochloron inhabiting the surface of crustose didemnid ascidians. Env. Microbiol. 17:
4121-4132.
Oda-Ishii, I., Kubo, A., Kari, W., Suzuki, N., Rothbacher, U. and Satou, Y. 2016. A maternal
system initiating the zygotic developmental program through combinatorial repression in
the ascidian embryo. PLoS Genetics 12: e1006045.
Ohta, N., Waki, K., Mochizuki, A. and Satou, Y. 2015. A boolean function for neural induction
reveals a critical role of direct intercellular interactions in patterning the ectoderm of the
ascidian embryo. PLoS Computational Biol. 11: e1004687.
Oliveira-Filho, R. R. D. and Lotufo, T. 2015. Styela cearense n. sp. (Ascidiacea: Styelidae)
from the Northeastern Brazilian Coast. Zootaxa 3981: 284–290.
Ordóñez, V., Pascual, M., Fernandez-Tejedor, M. and Turon, M. 2016. When invasion
biology meets taxonomy: Clavelina oblonga (Ascidiacea) is an old invader in the
Mediterranean Sea. Biol. Invasions 18: 1203–1215.
Pineda, M. C., Turon, X., Perez-Portela, R. and López-Legentil, S. 2016. Stable populations
in unstable habitats: temporal genetic structure of the introduced ascidian Styela plicata
in North Carolina. Mar. Biol. 163: 1-14.
Ricci, L., Cabrera, F., Lotito, S. and Tiozzo, S. 2016. Conservation of germ layers
specification domains during asexual and regenerative development. Dev. Biol. in press.

15

Ricci, L., Chaurasia, A., Lapedie, P., Dru, P., Helm, R. R., Copley, R. R. and Tiozzo, S. 2016.
Identification of differential expressed genes in multipotent epithelia: transcriptomic
landscape of an asexual developmental onset. Sci. Rep. in press.
Romaidi and Ueki, T. 2016. Bioaccumulation of vanadium by vanadium-resistant bacteria
isolated from the Intestine of Ascidia sydneiensis samea. Mar. Biotechnol. Epub.
Satoh, N. 2016. Two decades of ascidian developmental biology: a personal research story.
Curr. Top. Dev. Biol. 117: 289-300.
Seo, S.-Y. and Rho, B. J. 2016. First Record of Synoicum clavatum (Ascidiacea:
Aplousobranchia: Polyclinidae) from Korea. Anim. Syst. Evol. Divers. 32: 60-62.
Sepulveda, R. D., Rozbaczylo, N., Ibanez, C. M., Flores, M. and Cancino, J. M. 2015.
Ascidian-associated polychaetes: ecological implications of aggregation size and tubebuilding chaetopterids on assemblage structure in the Southeastern Pacific Ocean. Mar.
Biodiversity 45: 733-741.
Sheets, E. A., Cohen, C. S., Ruiz, G. M. and Rocha, R. M. 2016. Investigating the
widespread introduction of a tropical marine fouling species. Ecol. & Evol. 6: 2453–2471.
Shenkar, N., Koplovitz, G., Dray, L., Gissi, C. and Huchon, D. 2016. Back to solitude: Solving
the phylogenetic position of the Diazonidae using molecular and developmental
characters. Molec. Phylogen. & Evol. epub: 1-6.
Simkanin, C., Fofonoff, P., Larson, K., Lambert, G., Dijkstra, J. A. and Ruiz, G. M. 2016.
Spatial and temporal dynamics of ascidian invasions in the continental United States and
Alaska. Mar. Biol. in press:
Simpson, T. S., Wernberg, T. and McDonald, J. I. 2016. Distribution and localised effects of
the invasive ascidian Didemnum perlucidum (Monniot 1983) in an urban estuary. PLoS
One 11: e0154201.
Skinner, L. F., Barboza, D. F. and Rocha, R. M. 2016. Rapid Assessment Survey of
introduced ascidians in a region with many marinas in the southwest Atlantic Ocean,
Brazil. Manag. Biolog. Invasions 7: 13-20.
Stach, T. and Anselmi, C. 2015. High-precision morphology: bifocal 4D-microscopy enables
the comparison of detailed cell lineages of two chordate species separated for more than
525 million years. BMC Biol. 13: 1-11.
Takeara, R., Basso, T. O., Jimenez, P. C. and al., e. 2015. Pyrimidine alkaloids from
Eudistoma vannamei. Brazilian J. Pharmacognosy 25: 698-700.
Tamilselvi, M., Ali, A. J. and Thilaga, R. D. 2012. Diversity and seasonal variations of Class
Ascidiacea in Thoothukudi coast, India. Int. J. Env . Sci. 3: 1097-1115.
Teske, P. R., Sandoval-Castillo, J., Sasaki, M. and Beheregaray, L. B. 2015. Invasion
success of a habitat-forming marine invertebrate is limited by lower-than-expected
dispersal ability. Mar. Ecol. Prog. Ser. 536: 221-227.
Tran, T. D., Pham, N. B., Ekins, M., Hooper, J. N. A. and Quinn, R. J. 2015. Isolation and
total synthesis of stolonines A-C, unique taurine amides from the Australian marine
tunicate Cnemidocarpa stolonifera. Mar. Drugs 13: 4556-4575.
Turon, X., Canete, J. I., Sellanes, J., Rocha, R. M. and Lopez-Legentil, S. 2016. Ascidian
fauna (Tunicata, Ascidiacea) of subantarctic and temperate regions of Chile. Zootaxa
4093: 151–180.
Turon, X., Cañete, J. I., Sellanes, J., Rocha, R. M. and López-Legentil, S. 2016. Too cold for
invasions? Contrasting patterns of native and introduced ascidians in subantarctic and
temperate Chile. Manag. Biolog. Invasions 7: 77-86.

16

Ueki, T. 2016. Vanadium in the environment and Its bioremediation. In: Öztürk, M., Ashraf,
M., Aksoy, A., Ahmad, M. S. A. and Hakeem, K. R. (ed.), Plants, Pollutants and
Remediation. Springer, pp. 13-26.
Ueki, T. 2016. Bioaccumulation of vanadium by vanadium-resistant bacteria isolated from the
intestine of Ascidia sydneiensis samea. Mar. Biotechnol. in press.
Valentine, P., Carman, M. R. and Blackwood, D. 2016. Observations of recruitment and
colonization by tunicates and associated invertebrates using giant one-meter² recruitment
plates at Woods Hole, Massachusetts. Manag. Biolog. Invasions 7: 115-130.
Wang, J., Pearce, A. N., Chan, S. T., Taylor, R. B., Page, M. J., Valentin, A., BourguetKondracki, M. L., Dalton, J. P., Wiles, S. and Copp, B. R. 2016. Biologically active
acetylenic amino alcohol and N-hydroxylated 1,2,3,4-tetrahydro-beta-carboline
constituents of the New Zealand ascidian Pseudodistoma opacum. J. Nat. Prod. 79: 607610.
Webb, J. A. and Keough, M. J. 2000. Effects of two marinas on the composition of fouling
assemblages. Biofouling 16: 345-360.
Yamashita, S., Kanno, S., Honjo, A., Otoki, Y., Nakagawa, K., Kinoshita, M. and Miyazawa,
T. 2016. Analysis of plasmalogen species in foodstuffs. Lipids 51: 199-210.
Zhao, Y. and Li, J. 2016. Ascidian bioresources: common and variant chemical compositions
and exploitation strategy - examples of Halocynthia roretzi, Styela plicata, Ascidia sp. and
Ciona intestinalis.

17

